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FOREWORD
We are pleased once again to have the World Meteorological Organization, the Association of American
Geographers, the American Water Resources Association, and the Joint Oceanographies Institutions
along with the American Meteorological Society as cosponsors of these International Conferences on
Interactive Information and Processing Systems for Meteorology, Oceanography and Hydrology (IIPS).
We thank them for their continued support. Next year, the IIPS Conference will be held in conjunction
with the Annual Meeting of the American Meteorological Society in Atlanta, Georgia, 5-11 January,
1992.
This year there are more than 100 exhibitors occupying nearly 180 booths devoted to meteorology,
oceanography and hydrology. The National Oceanic and Atmospheric Administration's Program for
Regional Observing and Forecasting Services (PROFS) will again provide live, daily weather briefings.
Exhibitors continue to show off-the-shelf-marketable systems and software, and the private sector
continues to provide systems and services which can meet operational needs, both public and private.
We thank PROFS and the exhibitors for their great support and contributions in making this conference
outstanding.
William S. Barney is the keynote speaker, and Zou Jingm.eng, President of the WMO, and
Administrator of the State Meteorological Administration in Beijing, People's Republic of China, is the
luncheon speaker. Mr. Barney's talk is entitled "Reflections, Perceptions and Realities of the Weather
Business," while Mr. Zou's is entitled, ''Meteorology in China." William Barney is retired from the US
Air Force Air Weather Service and NOAA.
·
Special events this year include a tour of the NOAA National Data Buoy Center, the US Oceanography
Research Facility, and the US Air Force Weather Reconnaissance Squadron. NOAA's Weather Research
Aircraft is expected to be on display. Tutorials will be given on Visual Interfacing, ISDN (Integrated
Services Digital Networks) and DVI (Digital Video Interactive). Special Sessions include Hydrology
Information Systems, Human Interfacing, and NOAA's Satellite and Data Systems Technology.
This is my last year as the Chair of the IIPS Conference. It all started when I became Chair of the
Federal Conference on Interactive Meteorological Processing at NASA. The conference had an
outstanding demonstration of PROFS and other interactive display system technologies, but no
exhibits. The response to that conference was so large that AMS was kind enough to try an IIPS :with
exhibits. AMS had no formal exhibit program before this IIPS conference, so we were breaking new
ground. I had the honor, pleasure, and challenge to Chair the First IlPS Conference and all subsequent
conferences up to and including this one. It was a major decision for early presidents and council
members of the AMS to break with tradition and to undertake this annually. They should be
commended for their insight and determination.
The success of these annual conferences has been a direct result of the participants: presenters,
exhibitors, committee members, AMS Executive Committee and Council, and the great staff of the
American Meteorological Society. To each and all, I extend my personal thanks, gratitude and
appreciation for all you have done. I know that the next Chair of IIPS will have the same outstanding
support you have given me. It's been a pleasure serving you.
G. Stanley Doore
Conference Chairperson
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KEYNOTE SPEAKER

WilllAM S. BARNEY
Emeritus
Federal Coordinator for
Meteorological Services and Supporting Research,
Vice Commander, U.S. Air Weather Service,
Rockville, Maryland

William S. Barney, now retired, has had an
illustrious and colorful career. He has held every
rank from private in the U.S. Army before World
War II to Colonel and Vice Commander of the
United States Air Force's Air Weather Service.
Following his military career of 30 years, he
joined the predecessor of the National Oceanic
and Atmospheric Administration (NOAA), the
Environmental Science Services Administration
(ESSA), was appointed to the Senior Executive
Service, and ended his government career as
Federal Coordinator at age 69. He is a fellow of
the American Meteorological Society and the
American Geographic Society.
Colonel "Bill" Barney is a legend and a leader. Upon his retirement from NOAA, he was presented with the
first William S. Barney Leadership Award established by the United States Air Force. The award is now
given annually to an enlisted person or officer in the Air Weather Service who demonstrates outstanding
leadership above all others. While Federal Coordinator, he opened the way for the Federal Conference on
Interactive Meteorological Processing held at the NASA Goddard Space Flight Center on November 1-3, 1983.
It was the forerunner to these seven AMS conferences. Earlier in his career, he was responsible for the
concept, design, and installation of the USAF Automated Weather Network which was the first high-speed,
for that time, communication network to link numerical processing centers in Europe, Asia and the U.S.
He joined the ESSA in 1967 and in 1969 became Project Manager for the Barbados Oceanographic and
Meteorological Experiment (BOMEX). Later he became Logistics Manager for the Man in Sea Project, Project
Manager for The International Field Year for the Great Lakes, U.S. Field Director and International Field
Manager for Project GATE (GARP Atlantic Tropical Experiment) in Dakar, Senegal. Staff duties in NOAA
included Director of the NOAA Field Research Projects Division, Acting Director for Meteorological and
Hydrological Services, Director of the Special Projects Office, Director of the project for the Modernization
of the Iranian Civil and Military Meteorological Services and similarly for the Government of Saudi Arabia,
and Chair of the Interdepartmental Board of the Departments of Commerce and Defense. He became the
Federal Coordinator for Meteorological Services and Supporting Research in 1981.
Colonel Barney's military service included chief of weather central~ for the Southern Defense Command,
Mediterranean-Middle Eastern Theater of Operations, U.S. Air Forces in Europe, and the Air Force School
of Applied Tactics/Air Forces Board, World War II. He also organized and commanded the 6th Weather
Squadron Mobile in Oklahoma and the 54th Weather Reconnaissance Squadron on Guam. He commanded
the 9th Weather Group at Andrews Air Force Base, Maryland, 9th Reconnaissance Wing at Scott AFB, Illinois,
and the lst Weather Wing in Japan. He also commanded reconnaissance forces for atomic tests in 1948 and
the Test Services Unit in the first hydrogen bomb tests in 1952 and 1956. Col. Barney was responsible for
the post-World War II modernization of the Greek, Italian, German, and Japanese weather services and
established the military weather services for South Korea and South Vietnam, and the Air Force Weather
Services for the Philippines and Thailand.
He was awarded the Department of Commerce Gold Medal, the USAF Legion of Merit and 14 others, two
USAF flying safety awards, and four consecutive Military Airlift Command outstanding awards for flying
safety. As a pilot and command navigator, he logged 9,000+ hours. He was Inspector General for the Air
Weather Service, and ended his military career as Vice Commander of the USAF Air Weather Service in 1967.
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LUNCHEON SPEAKER
ZOU JINGMENG
President
World Meteorological Organization
Administrator
State Meteorological Administration
Beijing, People's Republic of China

Zou Jingmeng was born February 1, 1929 in
Shanghai. During the years 1956-1962, Mr. Zou
was graduated with a diploma from the
Department of Meteorology of the People's
Liberation Army (PLA) Institute of Military
Engineering and did post-graduate study at
Beijing University.
His career in meteorology began as an observer and instructor in the Meteorological Services of the 8th
Route Army Headquarters in 1945, and in 1949 he became the leading member of the Air Force
Meteorological Service of the People's Liberation Army.
Following his years of study, in 1962 he became Leading Member of the Research Institute of
Meteorology of the PLA Air Force and subsequently Leading Member of the Research Institute of the
Central Meteorological Bureau which is now the State Meteorological Administration (SMA). In 1973
he became Deputy Director-General of the Central Meteorological Bureau and in 1982 was appointed
the first Administrator of the newly created State Meteorological Administration. He served as Second
Vice-President of WMO from 1983 to 1987 and as its President since 1987. He has been a leader in
developing bilateral programs between the People's Republic of China and the United States of
America since the mid 1970's and has been the Co-Chairman from China for the USA-PRC bilateral
program on Atmospheric Science and Technology. In addition, he is Chairman of the State Climate
Committee of the People's Republic of China and a member of the Environmental Protection
Committee of the State Council. For many years he has been an Alternate Member of the Central
Committee. He served from 1974 to 1979 as Vice-President of the Chinese Meteorological Society and
since 1982 has been an Honorary Member of the Council of the Chinese Meteorological Society. In 1990,
he became Vice-Chairman of the State Coordination Group on Climate Change.
Mr. Zou is world renowned for his contributions to International Meteorology, serving since 1981 as
Permanent Representative of the People's Republic of China to the World Meteorological Organization.
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NEW TECHNOLOGIES IN OPERATIONAL WEATHER PREDICTION

1.1

J.K.Daniel Soderman
ICSC World Laboratory
Lausanne, Switzerland
1.

INTRODUCTION

2.

The global meteorological community of today
relies heavily on computer technology.
The
computing equipment used ranges
from small
telecommunications computers to the world's most
powerful
supercomputers,
with
a
host
of
intermed~te
computer systems performing data
handling, archival, graphics etc.

Traditionally many computational tasks have been
assigned
to
specific
hardware
platforms.
However,
the
availability
and
gradually
increasing acceptance of official and de facto
standards
is
creating
a
new
basis
for
meteorological
computing
applications,
as
virtually any properly designed meteorological
application can run on any hardware platform
supporting the appropriate standards. Table 1
displays
some
standards
of
potential
significance for the establishment of future
operational meteorological computer systems.

Developments in computer hardware and software
have made it possible to implement increasingly
complex numerical analysis and prediction models
over the last 40 years, with the result that
today's medium-range ( 5- 7 day) forecasts have,
on average, the same quality as the one day
forecasts in the mid-1950's, before computers
were utilised to support operational weather
prediction.

Official Standards

In addition to the increase in the power of
supercomputers from 40 million floating point
instructions per second (MFLOPS) sustained for a
numerical weather prediction model in 1980 to
1,300 MFLOPS today, the recent emergence of
superminicomputers (sustained performance 50-150
MFLOPS) and superworkstations (20-50 MFLOPS) is
of particular interest because of their much
lower overall cost.
In the following the envisaged implications of
the above and related developments in computing
technology for the meteorological community will
be
discussed,
with
the
emphasis
on
the
requirements of centres with relatively limited
resources. Technologies of particular importance
discussed below include scientific visualisation
and broadcasting
of digital
data
sets
by
satellite to remote workstations for graphical
and meteorological postprocessing.
The overall approach taken is to define a
"Generic Meteorological Computing Environment"
(see Fig. 1) based on UNIX and adhering strictly
to
any
appropriate
official
or
de
facto
standards.
This
is
done
by designing
the
elementary
modules
of
a
state-of-the-art
meteorological forecasting centre in such a way
that they can in principle be used, individually
or as components within an integrated system,
for
meteorological
computing
centres
being
established or
enhanced
within
the
global
meteorological
community,
in
particular
in
developing countries.

'

BUFR

WMO

FM 94 BUFR Binary Universal
Form for the Representation of
meteorological data

CGM

ISO/
ANSI

Computer Graphics Metafile

Ethernet IEEE

IEEE 802.3 Local Area Network
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ANSI

Fibre Distributed Data
Interface
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ANSI

Programming Language

GKS

ISO/
ANSI

Graphics Kernel System

GRIB

WMO

FM 92 GRIB (Gridded Binary)
processed data in the form of
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form
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Fig.1. Generic
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Table 1:
computing

1

Official and de facto standards of
potential
significance for
future
operational meteorological systems

the now emerging de
facto
standard
AVS
(Application Visualisation System) in the field
of scientific visualisation.

Two binary standards, BUFR and GRIB, formally
adopted by the World Meteorological Organisation
for use on a global basis within the World
Weather Watch are of particular interest to the
meteorological community. Of these BUFR provides
the capability of representing virtually any set
of meteorological data in a compact and flexible
form, using as the basis internationally agreed
and distributed tables giving details on how
individual elements are to be identified and
represented in binary form. A complement to
BUFR, BTAB, which provides the capability of
presenting the data in alphanumeric and tabular
form, is being tested and further elaborated
within the WMO.
3.

SYSTEM COMPONENTS

3.1

General

The meteorological graphics and meteorological
postprocessing
modules
will
have
a
clear
interface which separates them logically.
The
user interfaces will present meteorologically
meaningful parameters that minimise complexity.
The module will be designed for portability over
a wide variety of environments and for easy and
flexible use by the meteorological community.
Data interfaces will be based on BUFR and GRIB
and graphical interfaces will be based on X
Window, AVS, PHIGS, CGM and GKS.
The presentation system will be developed as two
basic
yet
highly
integrated
sub-modules
comprising of two dimensional ( 2D) and three
dimensional (3D) visualisation.
Both of these
will have animation .capabilities and, where
appropriate, the possibility for interaction
with the user. The basic strategy will be to
have all options available on all types of UNIX
workstations.
However
the
availability
and
usability of the options will depend greatly on
the power of the hardware platform being used.
2D presentation should be possible on most
workstations
whereas
3D
animation
with
interaction is likely, in the short term, only·
to be possible on a supergraphics workstation.

The basic system components forming a Generic
Meteorological Computer Environment in support
of the
establishment of new meteorological
forecasting
centres
using
state-of-the-art
hardware and software technology are:
Module 1:

Module 2:

Conununications,
handling
the
external
communications
for
the
acquisition of observational data
and
numerical
weather
prediction
products from other centres, and for
the distribution of products via
terrestrial
and
space-based
communications facilities;
Data Handling, interfacing to a WMO
Message
Switching
System
(MSS)
and/or other facilities delivering a
stream
of
observational
and
processed data, undertaking decoding
and quality
control
of
incoming
messages, and creating a real-time
data
base
of
observations
and
processed data;

Module 3:

Data
Archival,
involving
the
creation of a long term archive of
observations
(in
WMO
BUFR)
and
processed data (in WMO GRIB);

Module 4:

Numerical Analysis and Prediction,
covering the creation of a flexible
limited
area
analysis
and
forecasting system,
applicable to
any reasonable geographical area and _
resolution, based on adaptation and
adjust~ent of existing packages;

Module 5:

Meteorological
Visualisation,
covering the development of 2D and
3D
graphics
applications,
with
animation where applicable,
based
ISO X.11 (X Window) interface and
other appropriate standards, to be
implemented
on
modern
high
performance graphics workstations;

Module 6:

3.2

The interactive control and manipulation of
large data sets in meteorology represents a
promising approach to the visualisation of
meteorological information.
In such systems,
the user controls the display by means of a
graphical device, and the system is able to give
prompt response to commands such as rotate, zoom
and pan, i.e. the frame rate gives a perception
-of continuous motion.
· It has been observed that static 3D graphical
'images are sometimes visually ambiguous.
Use of
interactive
rotation
and
animation
is
an
effective means to resolve that ambiguity.
To
this
end,
an
environment
with
real
time
rendering
capability
is
required.
such
environments may be achieved by very fast
graphics workstations or by a supercomputer with
a fast link to a workstation or frame buffer.
An interactive 3D system will be tested building
on the functionality of the 3D static system,
and where
possible,
subject to performance
limitations,
a number of features will be
implemented such as rapid searching for relevant
information in large data sets.
3.3

Data Distribution by Satellite Broadcast

In order to provide remote users of the analyses
and forecasts with maximum flexibility to decide
on which products to use and to postprocess in a
particular situation, the optimum strategy is
undoubtedly
to
disseminate
all
available
analysis and forecast model output to the remote
terminals and to perform any required graphical
and meteorological postprocessing locally.

Meteorological
Postprocessing,
involving the gradual creation of a
library
for
meteorological
postprocessing applications such as
dynamical/statistical
local
forecasting, risk indices relating
to potentially dangerous events, TDD
(trajectory/diffusion/dispersion)
models, and models for ocean waves
and ocean currents, etc.

There are three basic types of model output:

Meteorological Visualisation

(i)

forecasts of dependent variables, normally
the
horizontal
wind
components,
(potential)
temperature,
humidity
and,
sometimes, liquid water;

(ii)

diagnostic
variables
(height,
computed
from the
velocity)
variables;

vertical
dependent _

(iii) surface parameters which might be derived
parameters (e.g. precipitation and clouds)
or prognostic surface variables.

The meteorological visualisation module under
development will encompass the development of a
coherent
state-of-the-art
meteorological
presentation system.
It will build on the
foundations of a number of widely accepted
systems such as a UNIX workstation platform and
an X Window environment, and in particular on

2

The dissemination should be based on the model
levels and the model grid. There will typically
be six parameters for each model level, and some
additional surface variables to disseminate. The
time resolution for the dissemination should be
three hours to provide a fully satisfactory
service
in
potentially
critical
emergency
situations. such a time resolution will also
allow the use of animation to follow in detail
the
predicted
movements
of
eignif icant
meteorological phenomena.
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A communications sub-module will be developed to
permit
the
broadcasting
of
processed
(and
possibly observational) data to a number of
remote UNIX workstations. Initial investigations
suggest a broadcast speed of 256Kbps would be
suitable.
Point to point satellite data links
of this speed exist, typically on the VSAT type
platforms.
However, it will be necessary to
develop a point to multipoint broadcasting
protocol based upon well understood techniques.
The area of coverage/responsibility of a centre
is an important consideration as it affects the
choice of satellite.
4.
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Fig.2. Depiction of ' the potential suitability of
superworkstations for regional and high
resolution
limited
area
modelling,
obtained
by
plotting
the
highest
resolution possible for the operational
production of a 24 hour forecast in 1 hr
elapsed time.

Developments in computer technology over the
last decade have resulted in increasingly coetefficient supercomputers
(where the purchase
cost per MFLOPS of sustained computing power has
decreased from $400, OOO to $10, OOO during the
last ten years) and euperworketations (current
cost per MFLOPS of power also ea. $10,000).

one hour of elapsed time. The corr~sponding
curve for a global model running on a state-ofthe-art supercomputer is shown as a reference,
as
forecasts
from the
best
global models
represent the most significant competition for
centres producing regional and limited area
forecasts.

The workstations which at present are used
primarily for graphics are approaching the point
where they could be used for credible high
resolution limited area numerical analysis and
forecasting,
as
current top-end models can
deliver a sustained performance of 20-50 MFLOPS
and have a maximum primary memory size of
typically 128 Megabytes.

Although it must be stressed that Fig. 2 should
be seen as indicative of the trends rather than
quantitatively accurate, it is interesting to
note that it indicates that it should be
possible by 1992 to run operational regional
forecasts with a 7 5 km resolution and limited
area forecasts with a 50 km resolution on
. superworkstations,
assuming
that
all
the
required software packages are available and
have been migrated to such a system.

The increase in computer performance in recent
years
has
resulted
in
very
substantial
enhancements
in
forecast
quality,
primarily
because of the improved spatial resolution made
possible
by
the
increase
in · available
computational power.
It could in fact be
stated, albeit somewhat simplistically, that the
forecast quality for state-of-the-art models has
improved more or lees in line with the increase
in resolution from a grid mesh of ea. 400 km
more than 30 years ~go to 120 km at present.

4.3

Hardware platforms

Because
of
the
modular
approach
and
the
consistent use of appropriate standards within
the
Generic
Meteorological
Computing
Environment,
a
meteorological
applications
system can in principle be implemented on a
variety of combinations of computer hardware.

However, it must also be said that it is not
proven that this trend will continue for even
higher resolutions because of limitations in the
observational data coverage and quality and the
greater sensitivity of models with a higher
resolution to inaccuracies in the initial state.

Two extreme cases are shown in Fig. 3, where
Fig. 3A depicts the conventional approach with
most system modules implemented on separate
hardware platforms,
and Fig.
3B shows the
solution where a full operational meteorological
system is implemented on a single platform.

On the other hand high resolution regional and
limited area models utilising boundary values
from global or hemispheric models with a lower
resolution
will
in
any
case
improve
the
forecasts in a diagnostic sense because of the
more detailed description of the orography, the
land and sea boundaries and the state of the
earth's surface, and of the results of the
forecast model, made possible by the increased
resolution.

It is envisaged that the latter solution, which
could be implemented by 1992, would be ideal for
many
meteorological
centres
with
limited
resources
wishing
to
implement
credible
numerical operational analysis and prediction
systems for relatively limited areas. It should
also be stressed that most superworkstations are
particularly well suited for visualisation of
scientific
data,
including
the
results
of
numerical analyses and forecast models.

4.2

Optimal horizontal resolution

In Fig.2 an attempt has been made to depict the
potential suitability of superworkstations for
regional (10% of the globe) and high resolution
limited area
( 1%
of
the
globe)
numerical
modelling by plotting the highest resolution
(smallest grid size) possible if a 24 hour
forecast is to be produced operationally within
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Fig.3A. Meteorological computing Environment on Multiple Hardware Platforms
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Fig.3B. Meteorological Computing Environment on a Single Hardware Platform
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GEOGRAPHIC INFORMATION SYSTEMS AND ENVIRONMENTAL MODELING

1.4

Michael F. Goodchild
National Center for Geographic Information and Analysis
University of California, Santa Barbara, California
1.

INTRODUCTION
the microscope, the computer, and the xerox machine
of regional analysis and synthesis." In essence,
a GIS provides a geographical perspective on
information. Just as a graph of two variables can
suggest a causal linkage, maps showing the
geographic locations of phenomena can also be very
powerful
tools
for
developing
insight
and
explanation, in addition to their value in
organizing information.

In
its
broadest
sense,
the
term
'Geographic Information System' refers to any
digital information system whose records are
somehow geographically referenced.
However this
very general definition conveys little sense of the
nature of a GIS, or of its applications. In terms
of its functions, a GIS is a system for input,
storage , analysis and output of geographical data,
and it is gefierally accepted that of those,
analysis is the most important. Very generally, a
GIS may be described as a system for support of
geographically based decisions, or a 'Spatial
Decision Support System' (Cowen 1988). GIS finds
uses in management of geographically distributed
facilities, analysis and modeling of geographical
data, manipulation of information for making maps,
and management of natural resources.
Numerous
survey texts provide overviews (for a broad
overview of GIS see Bylinski 1989: for texts see
Star and Estes 1990; Burrough 1986; Aronoff 1989)
and general coverage can be found in the magazine
GIS World.

The GIS industry is currently enjoying a
period of dramatic expansion, and growth rates of
over 20% are often reported (Rhind 1990). However
it is clear that the reason for much of this growth
has little to do with the application of GIS as a
scientific tool, or to environmental modeling in
particular.
While numerous universities have
developed GIS courses (Morgan 1987) and invested in
GIS hardware and software, sales to governments,
utilities,
the
military
and
resource-based
corporations for information management vastly
exceed sales for scientific research.
In recent
years much development effort in the GIS software
industry has gone into information managementrelated capabilities, and relatively little into
spatial analysis and modeling.

Like any information system,
a GIS
combines a database with a set of procedures or
algorithms that operate on the database. Because
of the geographical nature of the data, the input
and output subsystems must be unusually elaborate,
and must rely on specialized graphics hardware such
as
plotters,
digitizers
and
scanners.
Historically, bhe development of GIS has been to
some extent constrained by the availability of
suitable specialized hardware. At the same time
the database itself must be structured to handle
the complications of geographical data.
Data
modeling, or the process by which the real world is
measured and captured in discrete database records,
is particularly difficult for geographical data and
has been the subject of much research and
development effort.
Finally, the design of
efficient algorithms for standard geographical
operations has also proven to be a major challenge,
exacerbated by the very large volume of much
geographical data, particularly imagery.

The purpose of this paper is to offer a
series of reflections on the current state of GIS
applications in environmental modeling. It looks
in detail at the assumptions that would lie behind
an enthusiastic endorsement of GIS.
The first
section discusses the vital issue of data modeling,
compares current GIS data models, and asks whether
current thinking on GIS data models can inform the
modeling of environmental processes.
The second
section looks at GIS functionality, and at the
functional requirements of environmental modeling,
and asks what functions GIS should be expected to
perform in this set of applications. The third and
final section examines the state of GIS research,
and its relationship to the perceived needs of
environmental science.

GIS has of ten been seen as a valuable tool
for scientific research
as an 'enabling
technology' for a wide range of disciplines (for
example see Zubrow, Allen and Green 1990 for a
discussion of GIS applications in archaeology). We
use the term 'spatial analysis' to describe a set
of techniques for analyzing geographic data
techniques who~e results are not invariant under
changes in the locations of the observations being
analyzed. Under this definition many models and
techniques of analysis are not spatial - changes in
the locations of observations will not normally
affect the outcome of a regression analysis. Thus
while the statistical packages (e.g. S, SPSS, SAS)
exist to support a wide range of statistical
analyses, GIS can be seen as existing to support
spatial analysis. Abler (1987) has expressed this
point very strongly in relation to geographical
analysis: "GIS are simultaneously the telescope,

2.

GIS DATA MODELS

2.1

Standard models

Many g~ographical distributions, such as
those of soil variables, are inherently complex,
revealing more information at higher spatial
resolution apparently without limit (Mandelbrot
1982). Because a computer database is a finite,
discrete store,
it is necessary to sample,
abstract,
generalize
or
otherwise
compress
information. 'Geographical data modeling' is the
process of discretization that converts complex
geographical reality into a finite number of
database records or 'objects'.
Objects have
geographical expression as points, lines or areas,
and also possess descriptive attributes.
For
example, the process of sampling weather-related
geographic variables such as atmospheric pressure
at weather stations creates point objects and
associated measured attributes.
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GIS technology recognizes two distinct
modeling problems, depending on the nature of the
distributions
being
captured.
When
the
distributions in reality are spatially continuous
functions or 'fields', such as atmospheric pressure
or soil class, the database objects are creations
of the data modeling process. The set of objects
representing the variation of a single variable are
termed a 'layer' , and the associated models are
'layer models'.
However there are numerous
instances where the database objects are defined a
priori, rather than as part of the modeling
process. The opject 'Lake Ontario' is meaningful
in itself, and has an identity that is independent
of any discretization of a binary water/land
variable over North America. We refer to these as
'object models'. In a layer model every location
by definition has a single value of the relevant
variable, whereas in the object model there would
be no particular problem in allowing a location to
be simultaneously occupied by more than one object.
For example the 'Bay of Quinte' is also in 'Lake
Ontario'. The term 'planar enforcement' is often
used to reflect the fact that objects in a layer
model may not overlap; planar enforcement clearly
is not relevant to the object models.

square or rectangular grid (e . g. a Digital
Elevation Model).

A major difficulty arises in the case of
the object models when a well-defined object has no
equally well-defined location.
For example, the
spatial extent of Lake Ontario would most likely be
defined by some notion of average elevation, but
this is not helpful in deciding when Lake Ontario
ends and the St Lawrence River begins.
Many
geographical ob)ects have inherently fuzzy spatial
extents. One common solution to this problem is to
allow objects to have 'multiple representations' spatial extents that vary with scale. A river,
for example, might be a single line at scales
smaller than 1:50,000, but a double line at larger
scales. Both geometric and topological expression
vary in this case as the object changes from line
to area.
2.2

Regular point sampling: as (1) but with
points regularly arrayed, normally on a

Polygons: the area is partitioned into a
set of polygons, such that every location
falls into exactly one polygon; each
polygon has a value which is assumed to be
that of the variable for all locations
within the polygon; boundaries of polygons
are described as ordered sets of <x,y>
pairs (e.g. the soil map).

5.

Cell grid:
the area is partitioned into
regular grid cells; the value attached to
every cell is assumed to be the value of
the variable for all locations within the
cell (e.g. remotely sensed imagery).

6.

Triangular net:
the area is partitioned
into irregular triangles; the value of the
variable is specified at each triangle
vertex, and assumed to vary linearly over
the triangle
(e.g.
the Triangulated
Irregular Network or TIN model
of
elevation).

Models (4), (5) and (6) explicitly define
the value of the variable at any location within
the area covered.
However this is not true of
models (1), (2) and (3), which must be supplemented
by some method of spatial interpolation before they
can be used to respond to a general query about the
value of z at some arbitrary location.
For
example, this is commonly done in the case of
continuous-scaled variables in model (2) by fitting
a plane to a small 2x2 or 3x3 neighborhood.
However this need for a spatial interpolation
procedure tends to confound attempts to generalize
about the value of models (1), (2) and (3).

Six layer models are in common use in GIS:

2.

4.

Each of the six models can be visualized
as generating a set of points, lines or areas in
the database.
Models (2) and (5) are commonly
called 'raster' models, and (1), (3), (4) and (6)
are 'vector' models (Peuquet 1984); storage
structures
for vector models
must
include
coordinates, but in raster models locations can be
implied by the sequence of objects. Models (3) and
(6) are valid only for variables measured on
continuous scales.

The purpose of layer models is to
represent the . spatial variation of a single
variable using a collection of discrete objects.
A spatial database may contain many layers, each
able in principle to return the value of one
variable at any location (x, y) in response to a
query.
Because information is lost in modeling,
the value returned may not agree with observation
or with the result of a ground check, so accuracy
is an important criterion in choosing between
alternative data models. We define the accuracy of
a layer as E(z ~ z') 2 where z is the true value of
the variable, as determined by ground check, and z'
is its estimated value returned from the database.
Note that z may be inherently uncertain because of
definition or repeated measurement problems.

Irregular point sampling:
the database
contains
a
set
of
tuples
<x,y,z>
representing
sampled values
of
the
variable at a finite set of irregularly
spaced locations (e.g. weather station
data).

Contours: the database contains a set of
lines, each consisting of an ordered set
of <x,y> pairs, each line having an
associated z value; the points in each set
are assumed connected by straight lines
(e.g. digitized contour data).

Other possibilities, such as the triangular net (6)
with non-linear variation within triangles (Akima
1978), have not received much attention in GIS to
date.

The layer models

1.

3.

In practice, model (6) is reserved for
elevation data, where its linear facets and breaks
of slope along.triangle edges fit well with many
naturally occurring topographies (Mark 1979). It
would make little sense as a means of representing
other variables, such as atmospheric pressure,
since curvature is either zero (within triangles)
or undefined (on triangle edges) in the model.
Models (2) and (4) are frequently confused in
practice, since the distinction between point
samples and area averages is often unimportant.
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homogeneous attributes of reaches.
Models (1),
(2), (4), (5) and (6) can all be implemented in
one-dimensional versions, but none are supported in
this form in any current GIS.

Models (1) and (3) are commonly encountered because
of the use of point sampling in data collection and
the
abundance
of
maps
showing
contours
respectively, but are most often converted to
models (2), (4), (5) or (6) for storage and
analysis.
The ability to convert between data
models,
using various algorithms,
is a key
requirement of GIS functionality.

2.3

2.5

data models

In principle, the choice of data model
should be driven by an understanding of the
phenomenon itself. For example, a TIN model will
be
an
appropriate
choice
for
representing
topography if the earth's surface is accurately
mode led by planar facets.
Unfortunately other
priorities also affect the choice of model.
The
process of data collection often imposes a
discretization,. the photographic image being a
notable exception. The limitations of the database
technology may impose a data model, as for example
when a 'raster' GIS is used and the choices are
therefore reduced to layer models (2) and (4), or
when a 'vector' GIS is used and a cell grid must be
represented as polygons.
Finally convention can
also be important, particularly in the use of
certain data models to show geographic variation on
maps. For example, digitized contours are used in
spatial databases not because of any particular
efficiency - in fact accuracy in a layer sense is
particularly poor - but because of convention in
topographic map-making.

The object models

Objects are mode led as points, lines or
areas, and many implementations make no distinction
in the database between object and layer models.
Thus a set of lines may represent contours (layer
model) or roads (object model), both consisting of
ordered sets of <x,y> pairs and associated
attributes,
although
the
implications
of
intersection, for example, are very different in
the two cases.
Object models
are
commonly used to
represent man-made facilities.
An underground
pipe, for example, is more naturally represented as
a linear object than as a value in a layer. Pipes
can cross eachother in object models, whereas this
would cause problems in a layer model. Most manmade facilities are well-defined, so the problems
of fuzziness
noted earlier are
likely not
important. Another common use of object models is
in capturing features from maps.

2.6

Relationships

A digital store populated by spatial
objects - points, lines and areas - would allow the
user to display, edit or move objects, much as a
computer-aided design (CAD) system.
However
spatial analysis relies heavily on interactions
between objects,, of three main forms:

Object models are also commonly used to
capture aspects of human experience. The . concept
'down town' may be very important in building a
database for vehicle routing or navigation, forcing
the database designer to confront the issue of its
representation as a geographical object.
In an
environmental context, McGranaghan (1989a,b) has
shown how this issue is important in handling the
geographical referrents used in herbarium records.

relationships between simple objects, used
to define more complex objects (e.g. the
relationships between the points forming
a line);

Finally,
object
models
can
be
conceptualized as the outcome of simple scientific
categorization.
The piecewise approximation
inherent in layer model (4) assigns locations to a
set of discrete regions, in the geographical
equivalent of the process of classification.
In
geomorphology, the first step in building an
understanding of the processes that formed a given
landscape
is
often
the
identification
of
'landforms' or, 'features', such as 'cirque' or
'drumlin'. Band (1986), among others, has devised
algorithms for detecting such objects from other
data. Mark (1989) has discussed the importance of
categories i'n the GIS context, and there is growing
interest in understanding the process of object
definition and its effects.
For most purposes,
environmental data modeling is dominated by the
layer view, and its concept of spatially continuous
variables.
But the object view is clearly
important,
particularly
in
interpreting
and
reasoning about geographical distributions.

2.4

Choosin~

relationships between objects defined by
their
geometry
(e.g.
containment,
adjacency, connectedness, proximity); and
•

other relationships used in modeling and
analysis.

Examples of the third category of relationships not
determined by geometry alone include 'is upstream
of' (connectedness would not be sufficient to
establish direction of flow, and a sink and a
spring may not be connected by any database
object).
In general, a variety of forms of
interaction may exist between the objects in the
database. In order to model these, it is important
that the database implement the concept of an
'object pair''
virtual object which may have no
geographical expression but may nevertheless have
attributes such as distance, or volume of flow.

a

2.7

Network models

Recent trends in data modeling

Recently there has been much discussion in
the GIS community over the value of 'object
orientation', a generic term for a set of concepts
that have emerged from theoretical computer science
(see for example Egenhofer and Frank 1988a,b).
Unfortunately the debate has been confused by the
established usages of 'object' in GIS, both in the
sense of 'spatial object' as a point, line or area

Both layer and object models have been
presented here as models of two-dimensional
variation.
An important class of geographic
information describes continuous variation over the
one-dimensional space of a network embedded in twodimensional space.
For example, elevation, flow,
width and other parameters vary continuously over
a river networ~, and are not well represented as
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packages support only one basic data model - the
table - with one class of records, whereas GIS must
support a variety of models with many classes of
objects and relationships between them.
Much of
the functionality of GIS must therefore be devoted
to supporting basic housekeeping and transformation
functions that would be trivial in the statistical
packages.

entity in a database, and also 'object model' as
defined here.
Three concepts seem particularly relevant.
'Identity' refers to the notion that an object can
possess identity that is largely independent of its
instantaneous expression, with obvious relevance to
the independence of object identity and geographic
expression in GIS.
'Encapsulation' refers to the
notion that the operations that are possible on an
object should be packaged with the object itself in
the database, rather than stored or implemented
independently.
Finally, 'inheritance' refers to
the notion that an object can inherit properties of
its parents, or perhaps its component parts. As a
geographical example, the object 'airport' should
have access to its component objects - runway,
hangar, terminal - each of which is a spatial
object in its own right.

Second, spatial databases tend to be
large, and difficult and expensive to create.
While many users of statistical packages input data
directly from the keyboard,
it is virtually
impossible to do anything useful with a GIS without
devoting major effort to database construction.
Recently there have been significant improvements
in this situation, with the development of improved
scanner and editing technology.
Third, while there is a strong consensus
on the basic elements of statistical analysis, the
same is not as true of spatial analysis.
The
literature contains an enormous range of techniques
(for examples see Serra 1982; Unwin 1981; Upton and
Fingleton 1985), few of which could be regarded as
standard .

Of the three concepts, inheritance seems
the most clearly relevant, particularly in the
context of complex objects, and in tracking the
lineage of empi,rical data.
It seems increasingly
important in the litigious environment which
surrounds many GIS applications to track the
origins and quality of every data item .

Because of these issues and the diversity
of data models, GIS has developed as a loose
consortium, with little standardization.
While
ESRI' s ARC/INFO and TYDAC' s SPANS are among the
most
developed
of
the
analytically-oriented
packages, they represent very different approaches
and architectures.
Among the most essential
features to support environmental modeling are:

Encapsulation
seems
to
present
the
greatest problems for modeling using GIS.
In a
modeling
context,
the
operations
that
are
permissible on an object are defined by the model,
and are therefore not necessarily treatable as
independent attributes of the object. This issue
seems particularly important in the context of the
discussion
of
object
orientation
in
location/allocation modeling by Armstrong, Densham
and Bennett (1989).
For example, one can rewrite
the shortest path problem by treating each node in
the network as a local processor, making it
possible to encapsulate the operations of a node
with the object itself.
It is possible that this
process of rewriting may lead to useful insights in
other models as well.

•

support for alternative data models,
particularly layer models, and conversions
between them using effective methods of
spatial interpolation;

A related debate is that over procedural
and declarative' languages:
a user should be able
to declare 'what' is required (declarative), and
not have to specify 'how' it should be done
(procedural).
But
are
these
largely
distinguishable in a modeling context, and do they
imply that the modeler should somehow surrender
control of the modeling process to the programmer?

ability to compute relationships between
objects
based
on
geometry
(e.g.
intersection, inclusion, adjacency), and
to handle attributes of pairs of objects;
ability to carry out a range of standard
geometric operations, e.g. calculate area,
perimeter length;

The role of data models in environmental
analysis and modeling is clearly complex. Models
written in continuous space, using differential
equations, are independent of discretization. But
for all practical purposes modeling requires the
use of one or more of the data models described
here. Perhaps the greatest advantage of GIS is its
ability to handle multiple models, and to convert
data between them.
3.

support for efficient methods of data
input, including import from other digital
systems;

ability
to
generate
new objects
on
request,
including objects created by
simple geometric rules from existing
objects,
e.g.
Voronoi
polygons
from
points, buffer zones from lines;
ability to assign new attributes to
objects based on existing attributes and
complex arithmetic and logical rules;

FUNCTIONALITY FOR ENVIRONMENTAL MODELING

•

The statistical packages are integrated
software systems for performing a wide variety of
forms of analysis on data.
By analogy, we might
expect GIS to integrate all reasonable forms of
spatial analysis.
However this has not yet
happened, for several reasons.
First, while the
analogy between the two systems may be valid, there
are
important differences.
The statistical

support for transfer of data to and from
analytic and modeling packages,
e.g.
statistical packages, simulation packages.

Because of the enormous range of possible
forms of spatial analysis, it is clearly absurd to
conceive of a GIS as a system to integrate all
techniques,
in contrast
to
the
statistical
packages. The last requirement above proposes that
GIS should handle only the basic data input,
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transformation,
management
and
manipulation
functions,
leaving more specific and complex
modeling to loosely coupled packages. Whereas the
statistical packages are viable because they
present
all
statistical
techniques
in
one
consistent, readily accessible format, GIS is
viable for environmental modeling because it
provides the underlying support for handling
geographical data, and the 'hooks' needed to move
data to and from modeling packages .
4.

•

All
of
these
issues
transcend
the
techno l ogy itself, and all of them in one way or
another
affect
the
technology's
usefulness,
whatever the application and whatever the platform .
In recent years they have emerged in various guises
as the basis of the research agendas of the NCGIA
(NCGIA 1989), URISA (Craig 1989) and the UK
Regional Research Laboratories
(Masser 1990;
Maguire 1990) .
Goodchild (1990) has argued that
together they constitute a science of geographic
information, and that the future of the GIS
community lies in recognizing a common interest in
geographic information science rather than the
technology of geographic information systems.

GIS RESEARCH

The current range of GIS software and
hardware products incorporates an impressive range
of technological breakthroughs . Concepts such as
the TIN and quadtree (Samet 1989) are the direct
result of GIS research, and are only two among the
many innovative• ideas to have emerged over the past
three decades .
Any technologically based field
must be constantly supplied with new ideas if it is
to thrive, and needs to be supported by an active
research and development community.

The case for GIS as a science of
geographic information will likely be debated for
many years to come, but the complementary argument
that GIS is a technological tool for the support of
science is much more widely accepted, and reflected
in applications from archaeology to epidemiology.
Geography provides
a very powerful way of
organizing and , exploring data, but the map has
lagged far behind the table and graph because early
generations of scientific computing tools made it
so difficult to handle. GIS has finally provided
the breakthrough, al though it remains far from
perfect. If we were to draw an analogy between GIS
and statistical software, which began to emerge in
the 1960s,
then the
current state of GIS
development is probably equivalent to the state of
the statistical packages around 1970. But GJS and
statistics are ultimately very complementary sets
of tools, both capable of supporting an enormous
range of scientific inquiry.

However there is a strong feeling at the
present time in the GIS community that the most
important issues confronting the field are not
necessarily technological. The GIS community seems
to be converging not around a single, uniform
software product (a standard GIS) or a single
application, or around the technology itself, but
around a set of generic issues that emerge from the
technology.
Whatever the application or EDP
solution, every user of GIS faces the same set of
problems in dealing effectively with digital
geographic data, and these problems in turn form
the agenda for discussion at GIS meetings - the
true glue of the GIS community.
Some of the more
prominent are:

•

data c~pture - how to convert data from
raw to digital form in an efficient,.costeffective manner;

To date, the major success of GIS has been
in capturing and inventorying the features of the
earth's surface, particularly as represented on
maps, and in supporting simple queries. There has
been much less success in making effective use of
GIS's capabilities for more sophisticated analysis
and modeling.
It is hard to find examples of
insights gained through the use of GIS,
or
discoveries made about the real world. GIS has not
yet found widespread application in the solution of
major social problems
disaster management,
environmental quality, global issues or health. In
part this comment is unfair, because such insights
would be next to impossible to document.
In part
the reason is commercial - the market for GIS as an
information management tool is far larger than that
for spatial analysis, and vendors have invested
relatively little in developing and promoting
analytic and modeling capabilities. And although
GIS is a major improvement, it is still difficult
to
collect,
display
and
analyze
data
in
geographical perspective .
Finally, Couclelis
(1989) has made the point that the current
generation of GIS concentrates on a static view of
a space occupied by passive objects, and offers
little in support of the analysis of dynamic
interactions .

data modeling
how to represent the
infinite complexity of the real world in
a discrete, digital machine - whether to
use raster or vector, layers or objects,
how to model complex objects;

•

accuracy
how
to
cope
with
the
uncertainty present to varying degrees in
all geographical data;

•

volume - how to deal with the fact that
demands for geographical data will of ten
exceed the space available for storage;

•

access - how to design data structures,
indexes and algorithms to provide rapid
access to large volumes of geographic
data;

•

analysis - how to link GIS databases with
advanced modeling capabilities;

•

user interfaces - how to present the GIS
database to the user in a friendly,
comprehensible, readily used fashion;

•

impact on organizations - how to introduce
GIS
successfully
into
a
complex
organization .

5.

costs and benefits - how to measure the
benefits of GIS information and compare
them to the costs;

CONCLUSIONS

GIS is a rapidly developing technology for
, handling,
analyzing
and modeling
geographic
information.
To those sciences that deal with
geographic information it offers an integrated
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approach to data handling problems, which are often
severe.
The needs of environmental modeling are
best handled not by integrating all forms of
geographic analysis into one GIS package, but by
providing appropriate linkages and hooks to allow
software components to act in a federation.
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INTERNAL VIEW OF A REGIONAL INFORMATION AND PROCESSING
SYSTEM FOR CANADIAN METEOROLOGISTS
Lawrence W. Diehl and Phil M. Gray
MacDonald Dettwiler and Associates Ltd.
Richmond, British Columbia, Canada
1.

INTRODUCTION

2.3

AES selections of technologies used for
RSERP development were based on recommendations
from a series of requirements analysis, high
level design, and prototyping studies.

The Regional Scientific EDP Replacement
Project (RSERP) system has been developed under
contract to the Atmospheric Environment Service
(AES) of Canada, as a replacement for an AES
developed meteorological data base and associated
collection of algorithmic programs. The RSERP
system provides a framework for meeting AES
regional centre operational requirements for
accessing, processing and displaying
meteorological information through the 1990's.

The system architecture for RSERP calls
for a Local Area Network (LAN) of computer
processors acting in the capacity of dedicated
network servers and user workstations. The
former include conununications, data base, file,
product, and output device server functions.
Development of AES forecaster workstations is
ongoing, but current RSERP capabilities cover
alphanumeric and graphic displays ranging from
medium resolution monochrome screens to high
resolution colour screens.

This paper outlines requirements for RSERP
and provides an internal view of the system. A
brief sununary of RSERP benefits and anticipated
integration with AES processing systems is given.
2•

SYSTEM REQUIREMENTS

2.1

Background

Conununications over the RSERP LAN are
required to follow the IEEE 802.3 standard based
on Ethernet. The network protocol over the LAN
is based on recognized Transmission Control
Protocol/InterProcess Communication (TCP/IP)
standards with higher level functionality handled
by operating system protocols.

The origins of RSERP date back to 1984
with a preliminary AES study of problems
associated with its then existing regional
interactive information and processing systems.
Analysis revealed that the systems faced
limitations on data storage and network access
capabilities, constraints on future growth
imposed by hardware and software architectures,
and higher than desired maintenance costs. These
concerns prompted AES to initiate a long term
program to develop the RSERP system.

The operating system specified for RSERP
is UNIX. Compatibility with industry directions
in workstation development, potential
availability of software, support for Fortran and
C progranuning languages and the ability to
provide specific user shells were all factors in
·making UNIX the choice for an operating system.

The RSERP plan has since proceeded through
a normal systems requirements analysis, design,
and development lifecycle. The final detailed
design, development and implementation stages
have been ongoing over the last 18 months under
contract to MacDonald Dettwiler.
2.2

Technology Requirements

The software standard required for
incorporating RSERP graphic display capabilities
is the Graphics Kernel System (GKS). All vector
graphic products generated by the different
meteorological applications software are kept in
metaf ile struc'tures which follow GKS formats and
conventions wherever possible.

Objectives

The user interface for the replacement
system has the requirement that it be
configurable within a window environment. This
user window environment must be based on the X
Windows standard originally developed at MIT.

The objectives of RSERP are significant
improvements in the expansion potential of the
system, enhanced network accessibility and data
base management services, and decreased system
maintenance costs. This requires adherence to an
open system architecture using components that
are subject to improvements within the computer
hardware and software industry, use of accepted
software design concepts, standards, and
development tools, and generation of detailed
system and user documentation.

RSERP has a requirement that it utilize a
commercial Data Base Management System (DBMS) for
system development. The selection made by AES
has been to use the DBMS available from Empress.
2.4

Radical improvements in network
comnru.nications, data storage, and computational
power are required of RSERP to enhance the level
of accessibility and information services
available to AES meteorologists. Although
identified primarily as a replacement system
concerned with those applications already in use
within regional operations, RSERP is required to
expand upon the applications software and add or
update meteorological algorithms where necessary.

Informational Requirements

The principle informational requirement of
the RSERP system is to receive, store and provide
on-line access to weather observations, forecasts
and technical bulletins. On-line access implies
the delay between requesting and receiving
information is minimized for efficient use. A
basic operational requirement exists for the
availability of on-line meteorological
information that pertains directly to an RSERP
site's geographic area of responsibility as well
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as certain 'upstream' regions. However, other
requirements make on-line access necessary for
significant amounts this information on a
national and international scale.

Lists and tables contain weather
information displayed in text bulletin or decoded
numerical weather element form. Individual
entries in these displays can be automatically
visually enhanced using significance criteria
based on event occurrence, value range checks or
value change rate thresholds.

Data capture for observations, forecasts
and technical bulletins is handled via a
broadcast link with AES's Tandem based National
Communications Computer System (NCCS). This link
is currently maintained using an ANIKOM satellite
communications service. To this end, an ANIKOM
ingestion subsystem has been developed which
facilitates reception and storage of the
original alphanumeric information. This
ingestion system simultaneously parses and stores
needed observed and forecast meteorological data
as formatted binary weather elements in the
Empress DBMS. Information captured over the
ANIKOM link is selective and site settable, so
individual RSERP installations can tailor product
reception to match local demand.

Plots and maps are graphical displays.
Weather maps, containing a geopolitical
background in a system map projection, are
overlaid with station or grid point weather
element data and isopleths valid at surface,
isobaric, or isentropic levels. Plots refer to
other graphic displays such as thermodynamic
diagrams, hodographs and vertical cross-sections.
Monitoring incoming real-time weather
information is required to notify users as to the
arrival of the data and to alert meteorologists
when weather conditions are deemed to be
significant. The definition of what is
significant is modifiable by the meteorologist.
The types of monitoring performed include
alerting for the existence of significant present
weather conditions, significant rates of change,
and significant differences between forecasts and
observed weather. Real-time monitoring
capabilities are particularly important for sites
reporting the weather on an hourly basis.

On-line access to information extends to
AES weather station characteristics. This
category of data includes: station
name/identifier(s), geographic coordinates,
observation program(s) and reporting schedule
information, computed daily sunrise, sunset,
moonrise and moonset times, and static site
specific parameters and description summaries.
Information concerning all Canadian stations is
needed across RSERP installations. On-line
access to this information for stations outside
of Canada has been identified as being necessary
for those AES offices regularly receiving
inquiries on international sites.

Extensive objective numerical and graphic
analysis algorithms are needed by RSERP. A
library of system routines supports requests for
derived weather elements, uniformly gridded data
fields, and map or plot products.

Input and on-line access to climatological
information is also a requirement of the RSERP
system. Diurnal temperature extrema and daily
precipitation data for observation sites are
examples of this category of information.

Requirements to process statistical
information for RSERP system management purposes
includes monitoring and reporting on user and
system activities, generating forecast
verification statistics, and compiling computer
resource usage or other accounting information.
Performance statistics on the ingestion of
weather information, local broadcast of forecasts
and generation of weather products are examples
of the RSERP system management function.

The replacement system also has data
access requirements that are handled off-line.
Off-line access is used to describe situations
when, with the exception of 'playing back' an
operational weather scenario, the delay between
requesting information and receiving the data is
not a major factor. Archived historical
observations and forecasts, climate summaries,
and training (case study) weather data sets kept
on magnetic tape are examples of RSERP off-line
information access requirements.
2.5

Formating and interprocessor forwarding of
weather information is required to support the
local transmission of weather information over
the national meteorological communications
network and AES supported client networks.
currently this consists of forecasts and other
text bulletins, but in the future will encompass
other locally generated alphanumeric, gridded
binary and graphic products.

Processing Requirements

The RSERP system processing requirements
include: assembling and displaying meteorological
information using lists, tables, plots, and
weather maps; monitoring incoming real-time
weather information; providing objective
numerical and graphic analysis tools; generating
statistical information for system management
purposes; formating and forwarding weather
information via interprocessor communication
.networks and providing administrative processing.

The RSERP system administrative processing.
requirements cover the need to provide text
processing and editing capabilities, user mail
facilities and bilingual (English and French
language) support services.
3.

SYSTEM HARDWARE ARCHITEC'IURE

A typical hardware configuration on which
RSERP will execute is depicted in Figure 1. As
shown, the architecture is of a highly
distributed nature with internal communications
based on Ethernet. Final on-site hardware
configuration for each RSERP installation will be
determined by AES.

The processing requirement to display
meteorological information in lists, tables,
plots and maps includes capabilities for data
selection based on area, site, time and weather
data subsets. It also includes deriving
meteorological variables that are not reported.
12

Final selection of hardware to run RSERP
is open to AES and remains subject to competitive
bid. Using equipment provided by AES, system
development was conducted on Hewlett-Packard (HP)
hardware. This included several HP 9000
workstations supporting HP-UX (HP implementation
of UNIX), HP colour monitors, an HP LaserJet
printer/plotter, and an X-Y plotter supporting
the HP-GL (HP Graphics Language) interface.

Future
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SYSTEM SOF'IWARE ARCHITECTURE

4.1

Overview

At the very highest level of decomposition
the RSERP software is as reflected in Figure 2.
This design is functionally cohesive and
possesses a relatively simple interface topology
while hiding the distributed nature of the
hardware architecture. Therefore, the software
has the advantage of being easily configurable
for any RSERP installation.

A/ N

Terminal
ANIKOM

Graphic
Console

FIGURE 1

4.

RSERP HARDWARE CONFIGURATION

The following hardware components comprise
a representative RSERP installation:
One UNIX workstation to support the LAN file
server functions, configurea with a serial
port for connection to an ANIKOM ingestion
subsystem, a 9-track tape drive or
functionally equivalent off-line mass storage
device, and a bit-mapped console.
One UNIX workstation to support meteorologist
functions, configured with four terminals
connected via an RS-232 link, and a
bit-mapped console. The four terminals
retain interactive alphanumeric and/or
graphic display capabilities.
One UNIX workstation to support the device
server functions. Workstation configuration
includes a line printer, from one to three
X-Y plotters supporting graphic language
drivers, a printer/plotter, one modem, and a
bit-mapped console.

s1ste _
dis ys

The main RSERP data base, application
source code and executables, and the operating
sy~tem can typically be stored on a 300 MByte
drive attached to the file server workstation.
Subject to local product generation and storage
requirements, user directories and file
structures could be adequately kept on a smaller
120 MByte drive attached to the workstation
supporting meteorologist functions

arc · e
retrie - data

FIGURE 2

4.2
areas.

Individual hardware items may be repeated
within an installation to extend the capabilities
of the system. Determining factors in the
configuration of the hardware include the
functional and user requirements of the weather
office, the number of on-line users and devices
versus desired system responsiveness, and the
need for backup processing capabilities should a
workstation fail and its functions need
reassigning to another unit.

•
•
·
•
•

RSERP SOFTWARE CONFIGURATION

Functional View
The RSERP functions are divided into five
These are:

User Environment Manager
Meteorological Applications
Data Management
System Control
Communications

The User Environment Manager (UEM)
provides a user-friendly environment for
·meteorologists, allowing them to carry out their
everyday interactions with the RSERP ~ystem.
Thrq_ugh the UEM, the meteorologist can access
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Through the UEM, the meteorologist can acce.ss
information, run applications, generate products
and enter bulletins. The meteorologist may also
run applications via command line entry at a UNIX
shell level. The command-line interface is
accessible without leaving the UEM and is
available for the more expert user. The UEM
assures user access to applications and also
provides a user profile facility that enables
meteorologists to update system monitoring and
alerting criteria, tailor weather product
displays, and alter other aspects of their
interface with the system. currently, the RSERP
UEM makes us~ of conunercial off the shelf (COTS)
software; the JYACC Application Manager (JAM)
package. The JAM package is a menu and form
oriented human-machine interface. Some useful
features of JAM are its online help facilities,
its windowing facilities, and its extensive
application of function keys to control the
execution of various activities.

The RSERP Communications function supports
the sending and receiving of electronic mail, the
posting and reading of electronic news items, the
transfer to and from the AES Tandem NCCS system,
and the ability to connect a remote terminal
session to another computer system.
RSERP software handles all interprocessor
communication through routines which make the
communication appear like an ordinary procedure
call to the application software. These remote
procedure calls make the application software
independent of the process architecture. RSERP
could easily be reconfigured with a different
process architecture if changes in hardware or
operational environment required it.
Textual weather bulletins received by
RSERP are parsed and decoded for storage in the
data base as weather elements. Parsing divides
the bulletin into its individual fields and tags
each field with an identifier indicating which
field it is. Decoding builds a binary data base
record from the parsed fields. The parsing
package allows the weather bulletin syntax to be
expressed in a notation similar to the commonly
used Backus-Naur Form (BNF). Separation of the
syntax definition from the C program code makes
it relatively easy to add parsers for additional
types of weather bulletins in the future.

Meteorological Applications software
encompasses all RSERP functions requiring
knowledge of scientific algorithms in order
process meteorologically relevant information. A
typical meteorological application retrieves
selected weather elements from the data base,
performs derivations, analyses the information,
and then generates a graphic or alphanumeric
product that when displayed exhibits the final
results. The RSERP Meteorological Applications
are highly flexible because they are tabledr i ven. Thus, an application's operational
parameters are not hardcoded and need not be
supplied by the user because they are contained
in static data base tables. Some initial upfront effort is required to establish entries for
these tables, but once done running complex
applications is greatly simplified. The
scientific algorithms available to the
Meteorological Applications software are coded
and kept in a system subroutine library.

5.

SUMMARY DISCUSSION

The RSERP system design was finalized
using modern structured analysis techniques in
the spring of 1989. Since this time software
development, integration and testing have been
completed . . Initial delivery of the system has
occurred and an on-site evaluation and test is in
. its final stages. More that 400 software
packages have been implemented in RSERP, of which
some 200 or more are in C, 100 are in Fortran and
a further 100 are C scripts. These packages
total some 110,000 lines of source code.

The RSERP Data Management (DM) software
provides a general purpose data handling
facility. The data base, as mentioned
previously, is implemented using the Empress
DBMS. The Data Management function performs lowlevel, record-at-a-time data base access. The
RSERP DM performs all stores to the RSERP data
base, regardless whether the data is 'live' and
originating from a communication channel linked
to a satellite, or is being 'played back' from an
off-line storage device containing archived casestudy or training data. Data Management also
performs all data base backup and restores
to/from off-line storage media. RSERP DM uses
the Empress fourth generation language (4GL),
called M-Builder, and Structured Query Language
(SQL) to perform interactive and batch data base
maintenance. The DM includes a notification
facility which passes a received product to any
function which has requested notification of its
(product) arrival.

The. major benefit of RSERP is a system
architecture that meets AES requirements for
distributed processing and extensibility for
integration with other AES distributed data
presentation and local processing systems, either
in existence, under development, or planned.
These include the Tandem NCCS, the Meteorological
Satellite Information System (METSIS), and the
forthcoming weather Radar Data Processor (RDP),
GOES-90 satellite and Forecaster Workstation
systems. Adherence to de-facto industry
standards such as UNIX, C and TCP/IP means
additional hardware and software components will
be easier to inc?rporate into ~S~RP as future
increased functionality is warranted. The RSERP
architecture will also ensure that increases in
overall availability of the system to AES
regional operations are realized throughout a
variety of hardware failure .conditions.
For the meteorologist, RSERP means greater
data accessibility. This applies to observations
and locally generated products. The new RSERP
applications environment will also make the
replacement system easier to interface with and
more flexible to use. RSERP also offers
meteorological information, analyses and products
never before available at the level of a regional
AES weather office.

The System Control function starts up and
shuts down the system in a user-selected
configuration. It also provides an interface fot
the computer operator to output queued products
to plotter devices, review the system log file
and monitor system performance.
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1.6

ROAD WEA1HER INFORMATION SYSTEMS:
A SfRATEGY AND GUIDEUNE
G. Stanley Doore
Systems and Meteorology
Silver Spring, Maryland

1.

prediction systems to be reduced for automatic
and semi-automatic weather warnings and
prediction. The road weather program, and hence
the public, is a benefactor from the improved
technologies and meteorological techniques. The
development of pavement sensors to observe road
surface conditions was the key to making road
weather information systems practical and
economically justifiable.

INTR.ODUCI10N

State highway administrations (SHA)
have discovered, through experimentation, that
the use of weather and pavement condition
information can conserve resources - materials,
money and personnel - for snow and ice control.
Europe is far ahead of the United States in this
respect. However, the U.S., through the Strategic
Highway Research Program (SHRP) of the
National Research Council and its contract H-207
with the Matrix Management Group of Seattle,
Washington, is in the process of helping to close
the gap by focussing on requirements, benefit-cost
analyses, communications, instrumentation and
management considerations to implement road
weather systems.

2.

SYSTEMS CONCEPT

The systems concept was used in
developing the strategy and guideline.
It
recognizes that national and international weather
information systems exist and that extensive work
has been done in coordinating the development
and implementation of these systems. It also
recognizes that extensive work has been done to
develop standards and procedures to ensure a
worldwide flow of data and information, and that
new observation technologies such as NEXR.AD
(Next General Doppler Weather Radar), ASOS
(Automated Surface Observing Systems) and
PROFILERS for vertical wind sensing in real-time
are being installed in the U.S.

This paper gives an overview of a draft
strategy and guideline, including some
recommendations for a road weather information
system which were presented to SHRP in late
1989. The paper also includes some additional
ideas which were developed following the delivery
of the draft to SHRP. Although the SHRP
contract called for a road weather system
specifically for snow and ice control, the draft
strategy and guideline recognizes that a road
weather information system (RWIS) could be used
throughout the year for mesoscale analyses,
warnings and prediction to benefit society.

The systems concept encompasses data acquisition
of all types and not solely road weather
observations, processing, storage and retrieval,
communication, data and information packaging
and distribution, and quality control and
archiving. Filtering data and information to
prevent system overload and to prevent
overwhelming users with data and information
unnecessarily is key to ensure that decision
makers do not get mired in the meteorological
aspects of decision-making. However, decisionmakers should be presented with cost-benefit
alternatives based on sound meteorological
practice.

From the beginning of operational
numerical (dynamic) weather prediction during
the 1950s, meteorologists have constantly strived
to improve weather prediction techniques through
various automatic weather prediction (AWP)
techniques.
Dramatic improvement in
communication and computer technologies, and
their corresponding lower costs, have provided the
means for the scale of weather observing and
15

3.

REQlHREMENTS

3.1

Information

ice control operations. Equipment operators who
are on the road need instantaneous temperature
observations for their immediate location.
The second category for SHAs, and this
includes businesses and the traveling public,
includes forecasts of road and weather conditions
for the ensuing 0-36 hour period. High accuracy
of predicted occurrence is not required but is
desirable.

Requirements for road weather systems
were developed from interviews at many levels
within state highway administrations of several
states. Additionally, consideration was also given
to external needs such as school administrators
who must make go, no-go and delayed school
opening decisions. School opening decisions are
usually made by 05:45 h local time to ensure that
decisions are communicated to radio and
television stations for broadcast to communities.
These decisions have a major impact on families
and businesses as well as on road maintenance
departments.

The third category involves climatology.
Seasonable outlooks would have a role to play as
they improve in reliability. SHAs would use
climatology and outlooks to help establish
strategies for budgeting, equipment and material
acquisition and use, and strategies for scheduling
personnel.

The following observation and forecast
information is needed by road supervisors for
them to adequately perform their duties for snow
and ice control operations:
•
Wind direction and speed for drifting
snow conditons,
•
Time of frost formation and thaw,
•
Time of liquid and ice formation,
•
Precipitation type, quantity, rate, and
begin and end times.

3.2

Observations

SHA observation requirements are based
on the need-to-know, in real-time, pavement and
weather conditions at particular points and
segments of roads, including bridges.
Observations are also needed for mesoscale
analysis and forecasting, including statistical
forecasting.

As the number of road weather
observations increases, and thus the density, there
is a need to move these observations into the
federal weather system so they can be included in
the general forecast and warning system of which
NEXRAD is an integral part. Conversely, data and
products from the federal weather system must be
provided to the road supervisor in the shed and at
home, 24 hours a day, in order for him to be
effective. Fast response and accuracy is key
during the 0-3 hour time frame.

To meet real-time needs, observations
would be taken every minute and reported every
minute during snow and ice situations. During
other situations, reporting one-minute
observations every six minutes would normally be
adequate; threshold reporting would also be
included. Algorithms and siting standards for
road weather observing systems would be derived
from and compatible with WMO and ASOS
standards, to the extent that the standards meet
the needs of the road community and state-of-theart technology.

Three categories of requirements were
developed for road information systems. The first
includes sheds where snow plow and materialspreading equipment are housed and maintained.
Here the road supervisor must know when to call
in crews and what kind of material should be
used for a particular road condition. The most
difficult decisions for road supervisors occur when
temperatures are between ±5°C. The easiest is
when heavy snow is expected. At times, freezing
and thawing on road surfaces can occur under
clear weather conditions. Supervisors need to
know with high accuracy (less than 15 minutes)
during the ensuing 3 hours when a condition is
expected to occur. This category also includes
observing conditions in real-time during snow and

One suite of observation equipment is
needed for snow and ice control; however, four
are shown in Table 1 to show how road weather
observations fit into the larger scheme.
SHAs have installed wind speed and
direction instruments to detect strong winds in
order to close highways to certain types of
vehicles during high wind conditions; however,
wind is needed for snow and ice to address
drifting snow problems.
Temperature and
dewpoint were added for meteorological purposes
to refine mesoscale products needed for snow and
ice control.
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TABLE 1.

Wd
Ws
Ta
Td

data may be needed. Therefore, states are
encouraged to integrate road data acquisition
systems, so far as practical, with similar systems.

Sensor Suites for Road Weather
Information Systems

An infrared OR) observing technique is
being investigated to obtain thermal profiles of
roads for use in thermal mapping. The technique
has shown promise; however, the cost-benefit has
not yet been determined for the U.S. The purpose
of this IR technique is to help minimize the
number of in situ observations by using
interpolation techniques based on thermal profiles
of roads under various weather conditions.

Wind Direction
Wind Speed
Air Temperature
Dewpoint Temperature

2. SNOW AND ICE OPERATIONS

CP
Cc
TP
T5
Em
S
Pa
Pr
Pt
Pbe
V

Pavement Condition
Chemical Concentration
Pavement Surface Temperature
Sub-Surface Temperature
Earth Moisture
Solar Radiation
Precipitation Amount
Precipitation Rate
Precipitation Type
Precipitation Begin/End Times
Visibility

3.3

Weather and pavement condition forecast
and projection techniques not only require realtime observations, but require historical data from
which techniques can be developed.
The mesh length of dynamic models
continues to get smaller. Meshes of 25-km are
envisioned to become operational during the next
few years and finer meshes may become practical
as micro-processor technology continues to
advance. These finer meshes should help to
provide greater detail of local effects and should
help road supervisors make better decisions.
Meanwhile, statistical techniques are expected to
be used for the foreseeable future. However,
much research and development is necessary to
tailor these models for road weather and
pavement condition applications. Therefore, data
archiving of road weather and pavement data is
required to provide a basis for developing forecast
and projection techniques specifically for road
weather.

3. MESOSCALE USES
P
Wx

Atmospheric Pressure
Present Weather

4. SYNOPTIC AND AVIATION
Ch
Ca

Meteorological Techniques for Projections
and Forecasts.

Cloud Height
Cloud Amounts

The second suite includes instrumentation
or parameters needed specifically for road
weather.
This suite includes suite one
instrumentation.
Pavement and subsurface
sensors, solar radiation, and various precipitation
observations are key. Visibility was added at the
request of some SHAs for traffic management
more than for snow and ice control.

4.

STRATEGY

The strategy to meet the requirements is
to integrate information systems - general,
meteorological, and road.
The concept of
operations which follows summarizes the strategy
in greater detail.

The third suite, which originally included
visibility, was established for mesoscale analysis
and forecasting purposes. Atmospheric pressure
and present weather are included. These are
needed to help improve the accuracy of weather
and pavement condition projections and forecasts.

Standards and a coordination mechanism
are needed to integrate information systems, to
make the systems efficient and effective, and to
ensure that data and information easily flow from
in situ observation platforms and mobile
platforms to sheds and others. Selected data and
products would be distributed to all types of users
including the SHAs, the public, businesses,

The fourth suite was established for
Interviews
synoptic and aviation purposes.
revealed that a number of small airports are
within a few hundred meters of points where road
17

administrators, and ultimately to
meteorologists and design engineers.

research

Meteorological Coordinator (SMO) similar to the
Federal Coordinator for Meteorological Services
and Supporting Research, only on a smaller scale.
Figure 1 shows the organization structure.

Demonstrated market-accepted systems
and software which adhere to accepted standards
are essential if extensive road weather information
systems are to be cost-effective.
Generic
information system standards are developed,
coordinated and approved by the National
Institute of Standards and Technology (NISD, the
International Standards Organization OSO) and
the International Telegraph and Telephone
Consultative Committee (CCITT). The strategy is
to maximize the use of standards to ensure
compatibility and interoperability of road
information systems throughout the U.S.

STANDARDS - - - - - - - IMCC
AMS, Chair

I

SMCC
- - - - - - - - - - - - SMC, Chair

Federal
State
Private

States are modernizing or planning to
modernize their communication systems to take
advantage of fiber optic cables, digital telephone
exchanges and ISDN (Integrated Services Digital
Networks). The strategy is to piggy-back on these
systems and to make weather information
available to everyone who has a terminal on the
state systems. The question may be asked why
make it available to all? Briefly, to minimize
administration (excessive management), since all
offices are in some way affected by weather.
Furthermore, state, county and municipalities are
closest to non-government entities which may be
able to contribute observations which are used for
purposes other than road weather. This is
especially true as environmental issues are raised.

Figure 1.

t

SWA-Roads
SWA - Water Resources
SWA- Etc.

Proposed Coordination Structure
for State Meteorological Services
and Supporting Research.

State agencies requmng extensive
meteorological assistance would have a full-time
StaffWeather Advisor (SWA). Some states, which
have small administrations, may need only the
SMO who would also act as SWA to all agencies.
This would not preclude the use of private
meteorological consultants or services as SWAs.
The SMO would Chair the State Meteorological
Coordinating Committee (SMCC) and would
represent the state on the Interstate
Meteorological Coordinating Committee OMCC).
The IMCC would be located under the National
Governors' Association.

The World Meteorological Organization
(WMO) and the National Oceanic and
Atmospheric Administration (NOAA) develop and
implement meteorology, oceanic and hydrology
observation and information system standards
which are used nationally and internationally.
The strategy is to use these standards to the
extent that they do not conflict with general
industry standards and do not adversely impact
road operations. Standards must be developed
and coordinated for all states, the federal
government, and the private sector to use where
standards do not currently meet the needs of road
information systems. A set of observation system
standards would be prepared for states, counties,
municipalities and the private sector. This would
help to ensure data · compatibility and
interoperability.

Still lacking, however, is a coordination
mechanism among state, federal and private
interests in meteorology.
The American
Meteorological Society, like the IEEE (Institute of
Electrical and Electronic Engineers) and similar
associations, woµld take on the responsibility for
coordinating the d~velopment and use of
meteorological stand~ds for the U.S.
This
strategy would provide a neutral ground for the
three entities to freely address information system
standards issues; however, NOAA would continue
to represent the U.S. officially in the international
arena.

5.

To implement a road weather information
system nationally, a coordinating mechanism is
needed to ensure that states work from a common
denominator. The strategy is to establish a State

CONCEPT OF OPERATIONS

The overall concept involves collecting
and distributing weather observations and road
condition reports, preparing road information
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Road Information System. ·

products in combination with federally produced
weather products, and distributing them. The
objective is to maximize the use of existing data
and information, and to us·~ mass dissemination
techniques to serve road maintenance operations
while also serving commerce and the public in
general. This is possible bebause many products
have generic application; however, generic
products are intended to supplement specialized
products which would be communicated through
SHA systems.
Figure 2 depicts the
communication concept for products,
observations, and road information.
5.1

All State Agencies

Graphic products from NEXRAD and specialized
road products created by the state product
generator would be broadcast on TWIN-1V,
including superimposed roads and streets. Voice
transmissions would be broadcast on TWIN-FM
radio. Both would transmit digital data and
information on subchannels for capture by onboard vehicle and home data systems. Both
would have a maximum information cycle time of
two minutes, and preferably one minute.
The broadcast approach is necessary to
avoid problems with land-line breakage during
severe weather conditions. The UHF-1V channels
would. be used to limit broadcast range, to use
available channels, to minimize cost to the public,
and to maximize access by the largest number of
users with the greatest rapidity. The same
rationale applies to the FM radio broadcast,
except that frequency availability may be
somewhat less. Such continuous broadcasts
would relieve the load on special communication
channels of SHAs and make available greater
communication capacity for operational use, while
serving the traveling public.

Broadcast Dissemination

The right side ,of Figure 2 lists a number
of users and outlets for road information. The
mass news media, which includes commercial
radio and television and newspapers, are at the
top of the list because most people listen to
television before traveling, and then turn to radio
while traveling. Because of time constraints and
priorities, the mass medi4 do not cover road
conditions in sufficient detail in many areas.
Cable television fits into the mass media category
except that many cable systems include a live
display of a weather radar. This display could
also be used to display road inform~tion. Cable
televison has some limitations; however, it has the
advantage of providing up-to-the-minute
information.

\

5.2

Information Utilities

Transportation and weather data and products
created by or for states would be provided to
information utilities such as CompuServe, Telenet,
and Prodigy in digital form to maximize flexibility
and access to value-added services and products.
Except for variable message boards, the remainder
of the communication system shown in Figure 2
would be part . of the state system for internal
government use.

Limitations of these systems would be
overcome by establishing a Transportation and
Weather Information Network (TWIN). TWIN
would operate on available UHF television
channels and on the standard FM radio band.
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5.3

services would have direct communication with
value-added services used by the state. Using
value-added services or creating an organizational
element within a state is a matter of choice by
each state. If value-added services are not used
by a state, they would receive observations and
information via broadcasts or information utilities.

State Product Generator

Specialized products needed to meet
transportation information requirements would be
created by the state product generator. This
would include weather products. The state
product generator would include the operational
state data base and products provided by the
federal government and by value-added weather
services. It would also be the controlling interface
between these entities. Value-added services
would not be precluded from either operating or
performing the functions of the product generator.

5.6

State Highway Administration vehicles
include heavy trucks, light trucks and
automobiles.
Operators in these vehicles
communicate by voice using VHF radio on
frequencies assigned to SHAs. The number of
frequencies available is limited and, many times,
trying to establish initial contact is difficult.
Transmissions are frequently interrupted.

The state product generator would create
products such as road conditions and maps of
detours for precise locations in graphic and verbal
form, packaged for both internal and external use
throughout the state. Products for external use
would be distributed throughout each state by
TWIN via the state communication network or
through information utilities.

Emerging digital communication
technology provides an opportunity to overcome
many limitations of the current systems. Digital
technology will allow vehicles to be equipped
with temperature and humidity sensors, and
sensors to monitor vehicle operations, including
vehicle tracking. Digital communication will
allow rapid and reliable data transfer between
vehicles and sheds.

Selected products would be automatically
distributed internally to specific users including
This would not
microcomputers at sheds.
preclude addressing messages to individual
vehicles on the road; however, most
communication with SHA vehicles on the road
would be through the shed microcomputer.

5.4

Vehicle tracking is becoming common by
the trucking industry. Many passenger cars are
equipped with digital temperature readouts and
the automotive industry is developing sensor
systems to detect, to display results and to control
various components. It is possible to design a
system for trucks to sense road conditions and to
activate spreaders and other equipment
automatically; however, variations in road and
weather conditions will require a person to use
some judgement and control.

Federal Weather Svstem

A connection to the federal weather
information system would provide the federal
system with observations and the federal weather
information system would provide products to the
state system.
NEXRAD products, precipitation products
for hydrology, and fine mesh gridded data are
among the many federally generated data and
products which would be made available to state
users via a direct connection with the state
communication system. The purpose of the direct
connection would be to minimize delays in
delivery of critical data and information between
the time of generation and the time of delivery to
sheds and the emergency operation centers, and
conversely, to deliver road weather observations
to the NEXRAD processor to provide ground truth
and to help refine NEXRAD products.
5.5

SHA Vehicles

The concept of vehicle operation includes
installing temperature and humidity sensors with
digital readouts with sensors connected to
spreaders and truck beds among others, a position
location package, and a digital communication
system. Temperature and humidity sensors would
allow drivers to determine when and where to
apply material to road surfaces while in motion.
IR sensors directed at the road surface would
provide a measure of automated control; however,
the IR sensor would also provide a practical
means of providing thermal profiles of roads as
maintenance crews go about their daily business
throughout the year. The current and expensive
method of thermal mapping is to hire special
crews to thermal map a selected segment of road

Value-Added Services

Value-added services are included in
Figure 2 to indicate that states which contract for
20

Based on the previous discussion, it is
clear that the shed computer system must have
several communication interfaces.
These
interfaces would include connections to the radio
systems, to the telephone system and to the state
data network. The communication strategy would
be to uprade to an all digital system as soon as
possible, and to implement ISDN as soon as it
becomes available.

under various weather conditions.
Other sensors would be used for logistics
and resource management purposes. Vehicle
location equipment such as LORAN initially, and
later GPS (Global Positioning System) when it
becomes economically viable, would be included
in the on-board system. Data from these sensors
would be communicated automatically to the shed
for systems management and control.

5.9
Since the communication system would
be digital, messages would be communicated
among vehicles and to the shed, but would not
preclude voice communication.
This digital
capability would allow unattended operation and
reduce the amount of time now used to establish
communication. Better use would be made of
available communication channels and personnel
time.
5.7

Road weather is in its infancy in the U.S.
and the amount of data is expected to increase
rapidly. Beyond operational use, data are needed
to develop projection and forecast techniques for
many road and weather conditions, and to
perform cost benefit analyses in order to take full
advantage of the road weather system.
The strategy includes establishing a data
archive at a university in each state which has a
meteorology or environmental science department
and a civil engineering department rather than at
regional or national locations. Reasons include
the large expected data volume, it will facilitate
research for state activities, and there is a source
of research and student talent.

In Situ and Other Local Observations

Sheds would be the hubs for collecting
observations from their respective areas; however,
there is a need for overlap to provide backup.
Backup is particularly necessary for snow and ice
control for obvious reasons.
Radio
communication from in situ sites is the preferred
mode to minimize the chance of communication
breakdown during critical situations.

Data ccollected at sheds would be
communicated through the state system to the
university where it would be stored on rewriteable
optical disk. Data would be screened based on
standards and procedures developed in concert
with the NOAA - National Climatic Data Center
(NCDC).
Periodically, the data would be
transferred to CD-ROM for distribution to the
NCDC and others.

As road observation and communication
systems expand to meet road requirements, states
would be alert, through their coordination
mechanism, to collect data from other agencies'
sensors.
Aviation was mentioned earlier;
however, other sources include river, forest,
avalanche, agriculture and evironmental
monitoring.

5.8

Data Archiving

6.

SUMMARY

6.1

Conclusions

SHA Shed Computer

The shed computer system would be the
hub of an area operation. It would have a
multitasking operating system such as UNIX
capable of handling several applications
simultaneously. Initially, an Intel 386 25 MHz
class microcomputer would be necessary, as a
mm1mum.
Applications include system
monitoring, preparing road surface condition
projections, performing quality control,
maintaining inventory and logistics control, voice
messaging, and miscellaneous adminsitrative tasks
such as word processing, scheduling and
reporting.

Conclusions contained in the draft
strategy and guideline as the result of
investigation included:
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•

The federal government is investing
heavily in modernized observing and
processing systems and other
technologies,

•

The federal government probably will not
have the resources to make the many
observations and point forecasts needed
by state highway administrations,

•

Computer and communication
technologies will continue to advance
which will help states develop road
weather information systems,

•

States are installing weather and
pavement sensors with favorable results,

•

Automation at the shed level of
operations varies widely from state to
state.

6.2

Recommendations
Recommendations include:

•

Establishing a management and
coordination structure for weather within
each state to include a State
Meteorological Coordinator, and Staff
Weather Advisors as necessary,

•

Establishing a national coordination
mechanism to consist of private, state,
and federal entities which would also
allow part1c1pation by counties,
municipalities and associations,

•

Using or adapting existing standards for
observing and information systems so far
as possible, and developing standards
specifically for road weather when
existing standards do not adequately meet
road weather requirements,

•

Preparing master plans for road weather
information systems,

•

Making quid pro quo arrangements
between the federal government and
states for the free exchange of data and
information,

•

Encouraging states to take the lead in
developing weather information systems
to meet specific needs of states, counties
and municipalities, and drawing upon
work done by federal agencies and the
private sector,

•

Establishing an integrated weather
information system within each state,
including product generation capabilities,

•

Establishing an archiving and research
center at a university for road weather
within each state,
22

•

Using vehicle tracking and on-board
sensors to acquire weather, pavement
condition and logistics data,

•

Installing complete digital communication
systems, and

•

Establishing a TWIN (Transportation and
Weather Information Network).

1.7

U.S. ENVIRONMENTAL PROTECTION AGENCY PROMOTES NATIONAL
DATA SHARING AND TECHNOLOGY TRANSFER THROUGH GRIDS
Robert J. Pease
U.S. Environmental Protection Agency
Washington, DC
Michael A. Paquette
ViGYAN Inc.
Falls Church, VA 22041

1.

INTRODUCTION

development by transferring proven technology
and promoting software reuse.

The Environmental Protection Agency
(EPA), in its efforts to incorporate GIS
technology into its operational mission, is
creating support vehicles which will benefit GIS
application development in program offices
throughout the Agency. The cost of providing
and implementing GIS technology to support
environmental assessment and risk reduction is
staggering considering the hardware, software,
application development person-hours, and data
acquisition costs. The Office of Information
Resources Management is evaluating tools that
will assist this broad audience of users. One
such tool, Geographic Resources Information and
Data System (GRIDS), focuses on reducing costs
associated with application development personhours and data acquisition.

2.

SYSTEM OVERVIEW

EPA began development of GRIDS in the
fall of 1989. The software is modular in
design.
It has two primary modules: the Spatial
Data Retrieval module, which contains the Data
Selection and Data Output components, and the
GIS Utilities module, which contains the AML
Library and GIS News Alert components. The
system is anticipated to be completed within
calendar year 1991. The majority of the
software development up to this point, however,
has focused on both components within the
Spatial Data Retrieval module and the GIS News
Alert component. Although initial planning and
preliminary design have been completed for the
AML Library component, the system overview will
provide few details pertaining to that portion
of the software.

The purpose of GRIDS is to promote
national data sharing and software technology
transfer across the Agency. As a central
facility, it provides national access to spatial
datasets that serve as basic digitized data
layers common to many GIS projects. Clearly,
data acquisition is a major part of every GIS
project. With the advent of multimedia studies,
environmental evaluations are becoming
increasingly comprehensive and in turn data
intensive. The cost of purchasing data and time
spent waiting for it are major factors in GIS
development. GRIDS data sharing objective is to
manage the storage of national spatial datasets
and provide query capabilities that allow users
to easily identify and retrieve subsets of
national spatial datasets which will serve their
immediate project needs.

2.1

Data Selection

A spatial data retrieval using GRIDS
requires two steps: data selection and data
output. The data selection step consists of
first identifying the geographic area within the
united States for which data is needed. This is
accomplished by choosing a boundary type and
inputting a corresponding boundary value that
identifies a particular area whose limits will
most closely encompass the area of interest.
The boundary types available are:
State
• County
Zip Code
• Hydrologic Basin
• Ecoregion
• USGS 7~ Minute Map
• USGS 30x60 Minute Map (l:lOOk quadrangle)
• Rectangular Area (defined by
latitude/longitude coordinates)
• Locational Point (defined by a
latitude/longitude coordinate which
will be translated by GRIDS to a USGS
7~ minute map boundary).

GRIDS is also designed to house a library
containing AHL routines, allowing for the
sharing of functioning and tested coding efforts
generated at one program off ice to be used in
application production at other offices.
Several AHL ro~tines are created in order to
carry out an en,7i.conmental study using ARC/INFO.
Those AML routines that are proven to be of
general utility to the user-community will be
made available. Each AML accepted undergoes QC
measures to ensure effectiveness and is
accompanied with documentation to detail its
design. Therefore, providing this capability
within GRIDS helps cut down costs related to GIS

For example, a GIS project area may be best
identified by selecting boundary type, County;
and inputting, Saint Mary's , Maryland. After a
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2.4

geographic area is identified, the software will
,list the national spatial datasets contained
within GRIDS. A user simply selects all
datasets necessary to support the GIS project,
and GRIDS will retrieve from each national
dataset the subset that pertains to the
identified geographic area. The spatial
datasets to be available are:

The GIS News Alert facility provides a
mechanism for disseminating information to the
user community concerning availability dates for
new spatial data sources, data processing
suggestions (tips and pitfalls), and GRIDS
enhancements, such as, additional data output
options and system functionality;

•
•
•
•
•

U.S.G.S. Hydrography, 1:100,000 DLG3
U.S.G.S. Transportation, 1:100,000 DLG3
U.S.G.S. Transportation, 1:2,000,000 DLG3
U.S.G.S. Land Use and Land Cover Files
U.S.G.S. Geographical Names Information
System
U.S.G.S. Hydrologic Basin Boundaries
Defense Mapping Agency Digital Elevation
Model Data (OEM 3 and 30 second point
topography)
• U.S. Bureau of the Census TIGER/Line
Precensus Files
• U.S. Bureau of the Census Master Area
Reference File (MARF) 2
U.S. Bureau of the Census Summary Tape
Files ( STF)
• U.S. Fish & Wildlife National Wetlands
Inventory
U.S.D.A. National Land Resources Area
Geographic Database
U.S.E.P.A. Reach File 3
U.S.E.P.A. Ecoregion Boundaries
2.2

3.

SYSTEM ACCESS

GRIDS resides on EPA's IBM mainframe
located at the Agency's National Computer Center
in Research Triangle Park, North Carolina.
It
is accessible via the EPA's national
telecommunication network to users in all 50
states. This complex network provides various
levels of connectivity depending on location.
The GRIDS' existing user interface requires,
however, only minimum connectivity to function:
ASCII terminal and 1200 bps modem speed.
GRIDS is available for use by EPA, other
federal agencies, state and local governments,
and universities that have authority to access
the National Computer Center. All non-EPA users
listed above are permitted provided they are
working for or in cooperation with the federal
or a regional EPA office. EPA's Data
Acquisition Project Leader Mr. Robert J. Pease
at (800) 877-5800 ext. 8843 and GIS Specialist
Mr. Edward Partington at (800) 877-5800 ext.
8855 coordinate user access by providing
assistance on user IDs and new user accounts to
access GRIDS.

Data Output

The second step of a spatial data
retrieval, data output, must be performed in
order to obtain data from GRIDS. This component
of the software outputs the retrieved data from
GRIDS to a selected data storage medium. The
data output options to be available are:

User assistance for GRIDS is provided on
demand by EPA Headquarters in Washington, D.C.
by the EPA personnel listed above and by Mr.
Michael A. Paquette of ViGYAN, Inc. at (703)
931-1100.

9-track 1600/6250 bpi ANSI Labelled/NonLabelled Tapes (tapes may be mailed to
anywhere in the continental U.S. within
48 hours)
• EPA's National Computer Center IBM
Mainframe Disk Drives (data may be
routed through:
Bulk Data Transfer (BDT) to EPA
Regional IBM mainframes
BITNET to universities, research
centers, and other federal
agencies throughout the U.S.)
• EPA's National Telecommunications Network
(data may be routed to all VAX and
PRIME computers connected to EPA's
network)
2.3

GIS News Alert

4.

FUTURE ENHANCEMENTS

Plans for enhancements to GRIDS have
focused in two areas: additional data sources
and GIS utilities.
In the area of data sources,
investigation of new spatial datasets is always
ongoing. Also a goal in this area is to have
all datasets available in ARC export format as
well as their native data format.
This would
help eliminate pre-processing time spent on nonARC formatted data.
As for additional GIS utilities,
consideration has been given to providing ARC
plot file support. Other utilities will be made
available as the EPA GIS user community needs
warrant them.

Arc Macro Language Library

The AML library allows users to extract
AML routines that were created and used in other
EPA program offices. All AMLs submitted and
made available through this facility undergo QC
measures to ensure their integrity.
In the
future, this library will be indexed by both
hardware platform and functionality basis. Each
AML contains documentation providing the
author's name, address, hardware platform,
ARC/INFO version, input parameters, output
parameters, global variables, and description of
the routine providing basic design and intended
purpose.

During the process of developing the
prototype GRIDS, the concept of providing a
regional or more local spatial data repository,
a Mini-GRIDS, has been discussed. This system
would contain only a subset of the national
files, to fulfill the needs of a particular
region.
The system would manage the storage and
retrieval similar to GRIDS as well as provide
utilities to allow for the input and management
of other datasets unique to a particular region.
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5.

TYPICAL USES

Data obtained through GRIDS will be
useful in generating themes to assist studies
covering the entire environmental spectrum.
Data may be used at the site specific, state,
regional or national level. GRIDS spatial
layers will enable the user to demonstrate,
analyze, and report by a chosen boundary type
the effect of surface water pollution, non-point
source pollution, landuse, soil type, reach
locations, groundwater wells, drinking water
supplies, superfund sites, pollution density for
risk assessments, ecoregions, wetlands,
fishkills, hazardous cargo routes, air pollution
plumes with average wind currents, and wildlife
habitats.
EPA managers or congress can get answers
to many policy questions within a project, in a
· short time, once the GIS for the project is
· completed. Local governments, such as cities or
counties, states and regional EPA users can
share AML technology by scanning the AML library
within GRIDS. Users can also keep up on the
latest version of spatial data layers, the
schedule for accessing them, any problems with
existing layers, and which layers are in Arc
Export format by monitoring the GIS news alerts.

* * * * *
The information in this document has been funded
wholly by the U.S. Environmental Protection
Agency.
It has been subject to Agency review
and approved for publication. Mention of trade
names or commercial products does not constitute
endorsement or recommendation for use.
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1.8

RECEPTION, PROCESSING, AND DISTRIBUTION OF FACSIMILE
WEATHER GRAPHICS VIA A MESSAGE SWITCH

Conley R. Ward
Global Weather Dynamics Inc.

1.

THE UNIFIED MESSAGE SWITCH.

Airline Message Switch

Meteorological information, in a variety of
formats, is carried between meteorological
centers and to users over national and
international telecommunications links ranging
from 50 baud teletype connections to
sophisticated computer-controlled X.25 packet
switching networks.
In a modern center the
number of input and output circuits to be served
can number well over one hundred. The switching
of information between circuits is handled by a
computer-based , store-and-forward "Message
Switch System" (MSS) . However, an MSS usually
does a great deal more than the simple rerouting
of messages .
It can provide a wide variety of
_ features including error recognition and
correction, queueing capabilities to ov ercome
the problem of busy circuits, and database
managemeflt capabilities including interactive
querying of a worldwide meteorological database.

Military and Corporate Message
Switch
Aeronautical Information Service
(AIS)/Notice to Airmen (NOTAM)
Database Management and Retrieval
System
Figure 1 shows a typical hardware configuration
for a UMS designed as a router, processor, and
database for meteorological, facsimile, and
ECMWF information.
The GWDI WMO Software
Checked Protocol Micro, PCLSC (Personal Computer
Low Speed Concentrator) and GWDI Splitter shown
in the lower left-hand corner of Figure 1 are
items of proprietary hardware developed by GWDI
to improve the efficiency, reliability, and
price/performance of the UMS.
Figure 2 shows
information flow and control between software
modules for the same UMS.

Global Weather Dynamics, Inc. (GWDI) is
recognized internationally as a world leader in
the provision ·of message switches and other
systems designed to automate data management,
communications, and operational services at
aeronautical and meteorological facilities.

2.

THE FACSIMILE SUBSYSTEM

2.1

Introduction

GWDI has developed a Facsimile Subsystem, shown
in Figures 1 and 2, for the DMS that is fully
compliant with the follow i ng references:

All GWDI message \ switches are based on the GWDI
Unified Message Switch (UMS). The UMS is a
combination of telecommunications and computer
hardware , and proprietary software modules .
There are about 50 UMS software modules,
allowing a UMS to be assembled to meet specific
requirements with a minimum of customization .
To date we have installed or have on order 38
systems in 20 different countries.
The UMS is a
proven, modular s y stem that can be configured
· for any combination of the following
applications:

Abridged Final Report of the
Extraordinary.Session Commission
for Basic Systems, Hamburg, November
1985, Page 131
WMO Publication 386, Volume 1, Part
II, Section 11
WMO Publication 386 , Volume 1, Part
III, Sections 7 and 9.

Meteorological Message Switch and
Database System

The Facsimile Subsystem receives, stores,
manipulates, and transmits facsimile products in
all WMO-approved formats.
The Facsimile
Subsystem can function as a subsystem of a morecomprehensive Nersion of GWDI's UMS, or it can
be conf~gured as a standalone system.

Aeronautical Fix ed
Telecommunications Network (AFTN)
Message Switch
Common ICAO Data Interchange Network
(CIDIN) Processor.
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Figure 1: Typical hardware configuration for a UMS

still in grid-point format, the area, scale, and
projection of the chart can be manipulated.

Operations supported by GWDI's Facsimile
Subsystem include:

Identification of all data products is required
for store-and-forward operations and database
retrieval. The following identification methods
are available for facsimile products:

Analog transmission and reception
Noncoded digital transmission and
reception
Coded (CCITT T.4) digital
transmission and reception
Conversion between facsimile formats
Conversion of GRIB to facsimile
Processing of locally-generated
facsimile products, including
manually-drawn 1 charts.

Receipt of the facsimile product on
an X.25 line with WMO header .
For the receipt of digital facsimile
on dedicated circuits, the Subsystem
supports the receipt of alphanumeric
"coordinating messages" on a
separate channel in accordance with
WMO 386, Volume 1, Attachment II-11,
Section II.

Facsimile products can be output locally to
raster and dot matrix plotters . In addition, a
set of charts for a variety of end users (such
as aviation, transportation, commercial fishing,
and recreational use) can be maintained,
·
accessed via telephone using voice-prompted
coded entry, and output to any business
facsimile machine in the world.

Using a graphics terminal, the
operator can view any received
product. He can then enter
identi~ication information to be
associated with the product. This
is called the "Quick Look" feature.

GRIB data can be accepted from a local NWP host
or from attached data lines, and converted to a
facsimile product.
High-resolution geographical
and political backgrounds can be added. While

1

Hand-drawn charts are read into the system using a scanner.

27

MOOULE4
COlTROI..

J.OJULES

&

SUPERVISOR
TERMINAL
SUPPORT

MOOITOR
MOOUlE38

PCl.SC

SYSTEM CONTROL

SU3SYSTEM

SUBSYSTEM

KJOLl.E 138
WWO SOFTWAIE

METEOROLOGICAL

o-ECK

PROTOCCl..
(PC IESDENl)

DATABASE

SUBSYSTEM

t.D)Ul.E7B
HSTORY
DATABASE

RETREVAL
LANGUAGE

BM
HOST

FACSIMILE
MANAGEMENT

SUBSYSTEM

COMMUNICATIONS

SUBSYSTEM

00

DATA

AFTN SUBSYSTEM

. . . . . . . . . . . . . . CONTROL

Figure 2: lnfonnatlon flow and control In the UMS
facsimile subsystem host. Outgoing X.25
messages are returned to the UMS host for onward
transmission.

For entry of facsimile information
through a local scanner, the
operator can enter the
identification information through
the Supervisor VDU or "Quick Look"
workstation.

2.2

Incoming analog and digital FAX messages are
received and stored by a proprietary GWDI
Facsimile Interface Unit (FIU).
Information is
passed between the FIU and the host via LAN.
Outgoing analog and digital FAX messages are
transmitted by the FIU.

Typical Hardware Configuration

Figure 3 shows a typical hardware configuration
for the Facsimile Subsystem. The computer that
executes the Facsimile Subsystem software can be
either the UMS host computer or a dedicated
computer.
The advantage of a dedicated computer
is that the UMS host is relieved of most of the
load of FAX processing. However, if the UMS
host has the necessary processing capacity, a
dedicated processor for the Facsimile Subsystem
may not be required.
Figure 3 shows the use of
a dedicated computer for the Facsimile
Subsystem.

Coordination messages in WMO format are received
by the UMS host and passed to the FAX Subsystem
host via the LAN.

2.3

The GWDI Facsimile Interface Unit
DF2400

Model

The GWDI Facsimile Subsystem is controlled via
the FAX Supervisor VDU shown in Figure 3.

The GWDI-developed DF2400 FIU is a
microprocessor-based interface between FAX
communications lines and the host-resident UMS
Facsimile Subsystem . Operations are in
accordance with WMO Publication 386, Volume 1,
Part III, Section 7 .

All incoming X.25 packets are received by the
UMS host processor via the X.25 router and Local
Area Network (LAN) . Facsimile messages are then
passed via the LAN from the UMS host to the

The interface to dedicated analog facsimile
circuits is provided by the DF2400-A. This unit
supports analog-digital conversion (for analog
reception), or digital to analog conversion (for
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Figure 3: Typical hardware configuration for the Facsimile Subsystem
analog transmission).
One such unit is required
for each input or output facsimile circuit.

The host may request a status report from the
DF2400 at any time. The DF2400 responds with a
status report packet containing state , status
and statistics for each channel, and for the
host link, including link errors.
If a sequence
error occurs, or a command is unrecognizable or
impossible to execute, a status packet will be
sent to the host with an appropriate error code.

The interface to dedicated digital circuits is
provided by the DF2400-D.
One such unit is
required for each input or output facsimile
circuit. The digital FAX can be either
noncompressed data or compressed data in
accordance with CCITT T.4.
The FIU is supported by host-resident software.
All data, control, and status signals are
exchanged between the FIU and the host computer
over the LAN.
Each FIU is equipped with an
Ethernet card for this purpose.

2.4

Description of Data Flow and Control in
the Facsimile Subsystem

Primary logical paths for data flow and control
are shown in Figure 4.
Incoming and outgoing
facsimile data is handled as follows:

The host computer has total control over the
functions of DF2400 operations using commands
sent over the LAN . The host can configure
transmit and receive channels, start and stop
data transfer operations, and request status
reports at any time.

Analog FAX products are received by
an appropriately configured DF2400
under the direct control of UMS
software module 20A, Analog Support.
In turn, module 20A is supported by
the overall Facsimile Subsystem
Manager, module 20.
The analog FAX
messages are routed to the input
queue.

The DF2400 is capable of transmitting FAX image
frames with varying scan and frame formats, with
the carrier frequency determined by the host
processor. Transmission images are sent in
their entirety to the DF2400 before an image is
begun.
This prevents data starvation on image
transmission.

In a similar manner, noncoded
digital FAX messages are received by
another DF2400 under the direct
control of module 20D, and coded
digital messages are received by a
third DF2400 under the direct
control of module 20B.
These
messages are routed to the input
queue.

The host may send either noncoded or T . 4 coded
image data to the DF2400.
DF2400 parameters that can be set by the host
computer include start tone frequency and
duration, phasing pattern and duration, number
of scan elements , dead space per scan, stop tone
duration, carrier frequency, bit rate, rotation
rate , and host link compression scheme.

FAX messages received via X . 25
circuits are initially recognized
and handled by module 14 which is
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All FAX messages are placed in the
output queue. Messages for
transmission over X.25 circuits are
routed to the UMS host where they
are placed in the host output queue
for subsequent packetization and
transmission over the appropriate
X. 25 link.

resident on the UMS host computer.
The FAX messages are routed from the
UMS host via the LAN computer
interconnection to the input FAX
queue of the FAX subsy_stem .
FAX coordination messages received
by the UMS host are sent to the
Coordination Message Queue under the
control of module 20C, Coordination
Message Support. Module 20C is
supported by module 20.

Analog and digital FAX messages are
routed to the appropriate DF2400 for
onward transmission.

The "Quick Look" feature requires
host resident software, module 20W.

2.5

Module 20 is the primary manager of
the facsimile subsystem.
Control
information such as circuit and
routing data utilized by module 20
is entered via the Supervisor VDU.

Module 20:

Brief Functional Descriptions of Facsimile
Subsystem modules

Facsimile Subsystem Management

Module 20 is the primary control module.
It
provides overall support for the exchange of
facsimile products between the UMS and other
WMC/RTH/NMC centers, and for the routing and
distribution of facsimile products within the
local area of responsibility.
In association
with other modules, module 20 supports the
exchange of facsimile products on X.25 circuits,
the reception and transmission of analog

All outgoing coordination messages
are placed in the Coordination
Message Queue for transfer to the
UMS host under the direct control of
module 20C.
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Module 20D:

facsimile circuits (module 20A), the reception
and transmission of digital facsimile (modules
20B and 20D), and facsimile identification and
coordination procedures (module 20C) .

This module supports the reception and
transmission of noncoded (i.e., not compressed)
pictorial products over dedicated circuits.
This module requires a DF2400-D configured for
digital operation to convert the digital signals
to and from the internal format used by the host
computer, to generate and recognize various
control sequences, and to provide buffering.

All facsimile products are examined by module
20.
Products with a recognizable header and
routing information are sent straight to the
facsimile output queue for onward transmission;
see Figure 4. Products without an adequate
identifier and routing information are sent to a
separate queue similar to the facsimile
conversion queue shown in Figure 4. The
operator can then use the Quick Look capability
to view the chart. He can then add an
identifying header or correct an existing header
to enable onward transmission of the product.
If desired, the product can be discarded.

Module 20W:

Quick Look

The current "Quick Look" capability is a DEC
Windows application using the Digital VT 100 X
Windows high-resolution, bit-mapped graphics
terminal.
The Quick Look feature is primarily intended to
permit identification of an unknown facsimile
product.
Once visually identified, a header can
be added in accordance with WMO specifications
permitting the onward routing of facsimile
products under the control of module 20. Also,
if required, a coordinating message can be
issued for association with the facsimile
product.

Module 20 accumulates input and output traffic
statistics as facsimile products are transmitted
and received, including the number of products
and the number of scan lines, as well as the
number of errors encountered.

Module 20A:

Noncoded Digital Facsimile Support

Analog Facsimile Support

Module 20A supports the reception and
transmission of pictorial products using
amplitude modulated Analog Facsimile signals in
accordance with WMO Publication 386, Part III,
Section 7. A DF2400-A is required, configured
for analog operation to convert the analog
signals to and from digital signals, to generate
and recognize various control tones, and to
provide buffering.

To use the Quick Look feature, the operator
retrieves a product which is then displayed on
the VT 1000. This provides a "window" onto the
facsimile product. This window can be moved
over the chart to locate identifying
information. This is typically to be found in
one of the corners, or the top or bottom of the
chart. Accelerator keys are provided to move
the window with a single keystroke to the most
likely locations of identifying information.

Module 20B: Coded Digital Facsimile Support

Once identified (or otherwise), the operator
can:

The Coded Digital Facsimile Support Module
supports the reception and transmission of coded
(compressed) pictorial products over dedicated
circuits. A DF2400-D is required, configured
for digital operation to convert the digital
signals to and from the internal format used by
the host computer, to generate and recognize
various control sequences, and to provide
buffering.

Discard the chart
Send the chart to the Facsimile
Subsystem input queue with a header
providing routing information
Provide a coordination message.
The Quick Look feature also allows the facsimile
graphic to be "clipped". This enables a smaller
area of the original chart to be forwarded as a
new facsimile graphic.
Note however that no
mathematical manipulation of the chart is
possible 2 . For example, the chart cannot be
zoomed to enhance resolution, nor can the
projection be changed.

Module 20C: Facsimile Coordination Procedures
WMO Publication 386 defines facsimile
coordination procedures in Part II, section 11,
Procedures for digital facsimile transmission
when separate channels are used respectively for
transmission of alphanumeric identifier and
digital facsimile information.
If these
coordination procedures are employed , there. is
an asynchronous message channel associated with
each dedicated digital facsimile circuit .
Alphanumeric messages are exchanged on the
message channel to coordinate and identify the
facsimile products on the dedicated digital
facsimile circuit . Module 20C generates and
interprets all coordination messages.

2 Manipulation of the scale, projection and resol~tio~ o:
pictorial information must be done while the information 1s in
the form of grid point (or 11 field 11 ) values.
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2.6

The Facsimile Database

Each facsimile message with a correct or
recognizable header, including those messages
entered by the Quick Look feature, is stored as
a file in a directory of facsimile files. 3 The
filename reflects the information contained in
the header.
By retrieving the file for a
particular facsimile message, the chart can be
viewed on a graphics terminal or routed to a
plotter.
If the header is not known the message is stored
in a file identified by the time of reception
and the circuit upon which the message was
received.
The number of facsimile messages that can be
stored f~r retrieval and display of course
depends on the disk space available. When the
available space is full, facsimile messages are
purged from the directory on the basis of first
in, first out. When the available space is n%
full, where n can be specified by the operator,
a warning message is sent to the operator. He
can then download facsimile files to tape if he
so desires, or allow messages to be
automatically purged when n=l00%.

3.

SUMMARY

Global Weather Dynamics, Inc. (GWDI), a world
leader in message switch technology, has
developed a comprehensive Facsimile Subsystem
for association with its Unified Message Switch.
The new facsimile capability can also function
as a standalone system.
The Facsimile Subsystem
receives, stores, manipulates, routes and
transmits all WHO-approved formats including
analog, coded (CCITT T.4) digital, and noncoded
digital. Locally generated facsimile products
can be assimilated into the system. BUFR data
can be plotted, and GRIB data can be converted
to any approved facsimile format.

3
Note that FAX messages are purged from the output queue
once they have been successfully transmitted. However, they are
retained in the database.
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1.10

CONNECTIVITY AMONG U.S. GOVERNMENT AGENCIES

William E. Brockman
National Weather Service
National Oceanographic and Atmospheric Administration
Silver Spring, Maryland
1.

representatives of the agencies that participate
in the IMDES.

Introduction

The Interdepartmental Meteorological Data
Exchange System (IMDES) provides a connectivity
mechanism for the National Weather Service I
Department of Commerce, the U.S. Navy and the
U.S. Air Force / Department of Defense, and the
Federal Aviation Administration I Department of
Transportation. The Committee of Operational
Processing Centers which is part of the
infrastructure of the Office of the Federal
Coordinator for Meteorological Services and
Supporting Research (OFCM) initiated the
development of the IMDES. The agencies s~pport
the operation of the IMDES under the auspices of
the OFCM.

Under the auspices of the Committee for
Automated Weather Information Systems (CAWIS),
the WG/CIDE prepares an annual report on the
implementation of IMDES. Copies of the report
(FCM-Rl2) are available through the OFCM. CAWIS
and WG/CIDE are part of the infrastructure of
the OFCM.
3.

Design

The topology of IMDES is a fully connected
network between four primary nodes with
additional partially redundant connections for a
fifth node. A pictorial representation of .the
IMDES is shown in Figure 1. This representation
approximates the actual geographical positioning
of the nodes and has evolved into the signature
or logo of the IMDES.

IMDES was developed to provide standard
interfaces and communication procedures for the
routine exchange of meteorological data be~ween
Government agencies. The system also provides
the mechanism for backup support when needed.
While still in the early stages of
implementation, IMDES has significantly reduced
the effort needed to establish and operate
communication links between the agencies. This
benefit has resulted in the IMDES standards
being applied to connections within agencies and
between agencies not a part of IMDES.

OPS
2.

Concept

In simplest terms, the IMDES is the
unified system of connections among the Federal
Government agencies most concerned with
meteorological information. It is unified
because all connections follow the same
communication protocols and because each agency
has agreed to provide mutual support and backup
for an agency's facility that has experienced
operational problems.

WMSCR

The agencies participating in the IMDES
act under the auspices of the OFCM which was
established in 1964 under the Office of
Management and Budget (OMB) Circular A-62. The
OFCM Working Group for Communications Interfaces
and Data Exchange (WG/CIDE) provides the
opportunity for periodic review of procedures
and coordination of operational issues. The
working group membership is comprised of

Figure 1.

33

IMDES Nodes

The four major nodes of the IMDES are:

The objectives of the IMDES are to provide
mutual support and backup for agency's
facilities responsible for the receipt and
dissemination of environmental information.
Mutual support is provided through the rapid
exchange of meteorological, oceanographic, and
hydrological data between agencies of the
Federal Government under the guidelines of the
OFCM plan, FCM-Pl4.

Department of Commerce/National
Weather Service's (NWS)
Telecommunication Gateway (NWSTG) at
Suitland, Maryland;
Department of Defense Air Force
Communications Command's (AFCC)
Communication Front End Processor
(CFEP), at Air Force Global Weather
Central (AFGWC), Offutt AFB, near
Omaha, Nebraska;

The backup objective, described in the
plan, is to provide continuous support for
critical environmental products on the IMDES.
The essence of the backup support is the ability
to permit data exchange and alternative routes
to allow a method for continuous data flow if a
single circuit fails for an extended period of
time. These conditions are normally the result
of the loss of processing center production
capabilities or communication links. IMDES is
designed to minimize the impact of these outages
until the processing or distribution capability
is restored.

Department of Defense Air Force
Communications Command's Automated
Digital Weather Switch (ADWS) at
Carswell AFB, near Dallas, Texas;
and
Department of Defense Navy Fleet
Numerical Oceanography Center's
(FNOC) Distributed Processing System
(DPS) at Monterey, California.

The IMDES was designed and is operated to
minimize the actions needed to support backup.
Traditionally, when backup support is needed,
traffic from an alternative source is manually
switched onto the connecting circuit. This
typically requires that a complex set of
procedures be executed by the communication
computer operators using software not in routine
service. Experience has shown that this style
of backup often does not work when it is needed
most - when there is an outage.

The fifth node of IMDES is the Department
of Transportation Federal Aviation
Administration (FAA) Weather Message Switching
Center Replacement (WMSCR). The WMSCR will
replace the present "Kansas City Switch" and
will be implemented as a dual configuration of
redundant switching centers located at Atlanta,
Georgia, and Salt Lake City, Utah. The FAA node
will be connected to the NWSTG and ADWS major
nodes.
Figure 2 depicts the connectivity of the
IMDES in greater detail. The figure shows the
parent connections and weather information
processing systems in addition to the IMDES
nodes which are typically front end processors.

To avoid this situation, the backup
support for the IMDES was designed with a rich
set of data exchange redundancy. Wherever
possible, two sets of data are routinely
exchanged. For example, the model outputs of
both the NWS NMC and the UKMO NMC are routinely
sent by the NWSTG to the CFEP for the AFGWC.
When the NWS NMC experiences an outage which
causes the model run to be unavailable, the
AFGWC uses the UKMO model output.
When an outage occurs on some critical
circuits, a dedicated or dialup backup circuit
is activated by resetting a circuit A/B switch
or through a command dial. The automatic dial
backup feature of the newer modems is generally
not used.
The operation of the IMDES is governed by
the communication interface procedures specified
in the OFCM document Standard Telecommunication
Procedures for Weather Data Exchange, FCM-S3
(Green Book). This standard selects options for
operating the X.25 protocol for the physical,
link, and network levels. The standard also
specifies the options for X.224 or TCP/IP (DOD)
for the transport level.

Figure 2.

The IMDES is a fully connected system
between the major nodes and the communication
procedures use the X.25 standard but it does not
operate as a traditional packet switching
network. One of the basic reasons for this
decision is that some of the individual
communication systems are sensitive to the
physical communication port through which the

IMDES Agency Connectivity
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The AFCC ADWS communication interfaces to
support the NWSTG, CFEP, and OPS connections
required in the IMDES are established. Data are
now being exchanged between the ADWS and the
NWSTG and CFEP. Full exchange of data between
ADWS and OPS is not yet implemented.

individual data products arrive. This physical
source-sensitive feature permits much greater
flexibility in routing and processing than just
the logical division available in the packet
switch world.
The formats of the data products are
specified in the U.S. national standard
published as the OFCM document Standard Formats
for Weather Data Exchange Among Automated
Weather Information Systems, FCM-S2 (Red Book),
in World Meteorological Organization (WMO)
standards for traditional alphanumeric codes,
binary (BUFR and GRIB) codes, and graphic codes
(Group 3 T4), and to a lesser extent, by
bilateral agency agreements. The data content
covers the full range of environmental products
including observations, watches and warnings,
forecasts, analyses, and summaries over time.

The Navy OPS communications interfaces to
support the NWSTG and the CFEP are established
and data are being exchanged.
5.

The exchange of data between the AFCC ADWS
node and the Navy OPS is scheduled for 1992.
The implementation of the FAA WMSCR is
scheduled for 1992. The full data sets will be
exchanged at that time.

The !MOES l.inks between the NWSTG and AFCC
CFEP, the NWSTG and Navy OPS, and the NWSTG and
AFCC ADWS operate at 9600 bps as shown in
Figure 3. The !MOES link between AFCC CFEP and
AFCC ADWS operates at 56 Kbps. The IMDES link
between AFCC CFEP and Navy OPS operates at
9600 bps. The speeds for the other IMDES links
have not been selected.

CFEP

OPS

ADWS

Figure 3.

4.

i---~

Schedule for Completion

WMSCR

IMDES Link Speeds

Status of Implementation

The NWS has established the communication
interfaces to support the four connections
required from the NWSTG in the IMDES. Circuits
between the NWSTG and the four other nodes
(CFEP, OPS, and ADWS) have been installed.
Connections with the nodes were established in
1990 and data are being exchanged.
The AFCC CFEP communications interfaces to
support the three connections (NWSTG, OPS, and
ADWS) required in the IMDES are established.
The connections were established in 1989 and
1990 and data are being exchanged with the NWSTG
and ADWS.
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1.11

TOOLS USED TO FORECAST WEATHER AT TAL SITES DURING STS-41

Gene M.

Hafele and Dennis J.

Haller

Spaceflight Meteorology Group
NOAA/National Weather Service
Johnson Space Center
Houston, Tx

1.

~~

INTRODUCTION

.r;_/ '-----

Prior to returning to flight following the
Challenger accident, NASA upgraded the weather
support at the Transoceanic Abort Landing (TAL)
sites. This upgrade included portable upper air
systems, automatic weather stations, weather
aircraft and deployment of weather personnel to
provide on site support. Communication lines were
also upgraded to transfer data and provide real
time voice communication.
During the same time frame, a
Meteorological Interactive Data Display System
CMIDDS) was installed at Johnson Space Center to
ingest, display, and transfer the data from the
TAL sites. In addition to the landing sites local
data sets, European satellite data, world wide
surface observations and numerical model output
from the National Meteorological Center (NMC) were
also ingested to assist the forecasters at the
Spaceflight Meteorology Group (SMG).
During STS-41 these upgrades were used to
make critical short fused weather forecasts for
the successful launch of the Space Shuttle
Discovery. S i nce STS-26 these weather upgrades to
the TAL sites and the addition of MIDDS at Johnson
Space Center CJSC) have provided the SMG
forecasters the tools need to supply NASA with the
timely and accurate forecasts required to safely
launch the Space Shuttle during critical weather
situations.

2.

TAL SITE UPGRADES

2.1

~
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Figure 1.

TRANSOCEANIC ABORT LANDING SITES (_

SMG was for 24 hour 7 days a week weather
observations from the TAL sites. Zaragosa, Spain,
which is a U.S. Air Force base, was the only site
that satisfied this requirement. Ben Guerir, of
course, had no weather observations Moron, Spain
operated only during daylight hours and Banjul,
The Gambia had 24 hour operations, but poor
communications prevented much of their data from
being received in the U.S. To provide SMG with 24
hour data Remote Automatic Weather Stations CRAWS)
were installed at Moron, Ben Guerir and Banjul.
These units were battery powered and transmitted
data via satellite to SMG. During pre-launch
activities the data was also made available
locally via modern and phone lines.
Sensors included on the RAWS were wind
speed, wind direction, temperature, relative
humidity, barometric pressure solar radiation , and
precipitation. An example of a RAWS message
received from Ben Guerir is shown in Figure 2.
The only difference between Ben Guerir and the
other two sites is that Ben Guerir has two wi nd
sensors and thus an extra set of wind data.
270 2?9 086 017 01 ~! OOO OOO 264 2 82 359 061 OOO

Guerir

After the Challenger accident NASA reevaluated the entire Shuttle Program including
weather support at the TAL sites (see Figure 1).
One of the major tasks undertaken by the Shuttle
Program was locating a new TAL site that would be
a better weather alternative and thus provide an
increased launch probability. Ben Guerir, Morocco
which is located in northwest Africa was the final
choice due to its relatively good weather and long
runway. However, since the base was abandoned it
required bringing in weather support for missions
to supply the data needed to accurately forecast
the weather.
2.2

)
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Automatic Weather Stations

During the re-evaluation of Weather
Support at TAL sites one of the requirements of

Figure 2.
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2.3

Radio Theodolite Systems i..!A.!.ll.

gives SMG the capability to talk weather
situations with a person who is knowledgeable and
has the advantage of being at the site. At Ben
Guerir, since it is not an active airport, NASA
has a contract with Morocco to provide 24 hour
observation support at Ben Guerir beginning at
Launch minus 48 hours. The Air Force provides
observations at Zaragosa and Moron while the
Gambians provide the observations at Banjul.

Another requirement established was to
have upper air soundings available at our TAL
sites to provide temperature and moisture profiles
in addition to wind speed and direction aloft.
This data was not available locally at any of the
TAL sites so it was decided that NASA would
provide equipment to obtain this data during
Shuttle Launches. The requirement for the
equipment was to provide high resolution low level
wind data, provide complete sounding up to
seventy thousand feet, must be portable and easy
to use with very minimal training. A system
developed by AIR Inc. was selected based on its
ease of use and portability. The systems main draw
back was that it was a newly developed system and
it had not been tested and was basically off the
assembly line.

2.6

One major difficulty in forecasting weather
at the TAL sites, pre STS-26, was lack of adequate
communication. With these additional weather
requirements of RATS, Weather Aircraft and weather
point of contact, it was imperative to improve the
communication so all these new requirements could
relay their data back to SMG. Shuttle
Communications developed a new communication
system using International Maritime Satellite
(INMARSAT). Each TAL site is equipped with three
portable INMARSAT terminals. One would be
dedicated to the GOM, the second would ., be
dedicated to the weather aircraft and the third
would be used to transfer Meteorological Data via
voice and digital (see Figure 3). This system has
enabled SMG to receive RATS data within minutes
after completion of the run, talk directly to the
weather point of contact, and listen to the
weather aircraft while in flight. The latter
capability proved invaluable during STS-27 when
the weather aircraft made a call that cleared the
Shuttle to launch.

The RATS system consists of a Phased Array
Radar Antenna, a PC Computer and a Digital Sonde.
Originally the system was designed using lap top
Grid _Computers but these soon proved unreliable
and a switch to Vectra Personnel Computers was
made beginning in 1990. A software package was
specially designed for NASA to output the data in
the proper format and intervals for use by weather
and descent. Our configuration going into STS-41
included two Vectra based RATS at Banjul, The
Gambia, and two Grid based RATS at Ben Guerir,
Morocco. It is necessary to have two systems at
each site to ensure the required data is received
to ensure a safe landing at a TAL site if one
would occur.
2.4

Weather Aircraft

Another new requirement that came out of
the re-evaluation was to have a plane at each TAL
site to be flown by a representative from the
Astronaut off ice to provide Mission Control Center
(MCC) team a pilot's view of the landing weather at
the TAL sites. Prior to Challenger, this was done
on an informal basis and many times airplanes were
not available. The weather aircraft are required to
fly at launch minus 24 hours to give SMG an
indication of what problems, if any, they would
have encountered. This flight is especially useful
in the case of visibility problems especially
caused by suspended dust, which is quite common in
western Africa. The second required flight is at
Launch minus six and one half hours to provide
input to SMG for the launch day crew weather
briefing which occurs at launch minus three hours
and fifty five minutes. In addition to these two
require flights, if the weather is expected to be
marginal, which is frequently the case, the
weather aircraft will begin flying one to two
hours prior to launch to evaluate the weather in
real time.
2.5

INMARSAT Communication

3.

MIDDS II

3.1

Overview

The Meteorological Interactive Data
Display System, known as MIDDS II is the primary
operational computer used by the SMG at JSC. MIDDS
II, installed at JSC in March 1987, is based on
the McIDAS system developed by the University of
Wisconsin, Space Science and Engineering Center
(Suomi et al, 1983). The current system
configuration, with an IBM 4381 (Model P12) as the
main CPU, four IBM PS-2 based workstations with
associated video displays each accessing 128 image
frames and 64 graphic frames were installed for
SMG operational use.
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!.!1. Staffing

During pre-launch preparation each of the
TAL sites is manned with extra weather personnel
to help with the RATS, surface observations and
communicate to SMG. In general two people are sent
from the United States, one to handle the RATS
releases and the other to be the weather point of
contact. The weather point of contact is
knowledgeable in Meteorology and its terminology
in addition to Shuttle flight rules as they
pertain to weather. This weather point of contact
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Figure 3.
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3.2

and water vapor data is available every half hour.
SMG has individual satellite loops to display
visible and infrared imagery in near real time.

RATS Display

Prior to STS-26, NASA designed a special
upper air data format for all upper air measuring
devices. As mentioned earlier, customized software
by AIR was included in the RATS purchase to
include this special format. At JSC ,MIDDS
software support developed special ingest and
decode software to decode all upper air data used
for Shuttle support including the RATS data. With
_the data decoded, existing MIDDS software could be
used to display this data on a SKEWT diagram. More
recently local software was developed to access
and display the latest RATS data by typing in
SKEWT !l.ll· This e.nhancement enables the
forecas~er to access the latest sounding with a
simple two word command.

3.3

To receive world wide surface and upper air
observations we installed communication lines and
wrote special ingest and decode software to
receive data from Carswell AFB, TX.
Conventional
data lines did not meet our needs since they did
not contain the specialized forecast inform~tion
required. Modifications to surface data plotting
and contouring software allow access to displays
that were previously only available over the CONUS
(see Figure 4). Creating plots and contours which
include ship and buoy data improves the analysis
of the data void areas around western Africa and
Spain.

.b....2..£.!... Observations

Moron and Zaragosa, Spain observations are
received into MIDDS via our dedicated line to
Carswell AFB, since they are military
installations. Data from Banjul, The Gambia is
also received via Carswell but because of
unreliable communication in western Africa, their
observations are often missing. At Ben Guerir,
there is no external communication other than
INMARSAT and this is used during missions to
transfer the data into MIDDS. The observations are
taken by Moroccan observers and then sent via
local PC Computer via INMARSAT into MIDDS II at
JSC. Currently, no decoder exists to decode the
data but the data is filed into a circular text
file that can be easily accessed by the
forecaster. The main disadvantage of this process
at the moment is that if you fail to print the
data out, the older observations will eventually
be overwritten in this text file. Since
communications are unreliable at Banjul, this same
procedure is used from launch minus three hours to
launch to ensure the forecaster has the necessary
data during the critical launch period.

3.4

3.6
A direct data line to the National
Meteorological Center (NMC) Computers provides SMG
direct access to NMC's forecast products. This
provides access to a much larger database of
models and individual model fields. In addition to
the normal NMC forecast products, SMG also has
access to the Regional Profile Database
(Tuccillo, 1988). This provides hourly point
forecast parameters for each sigma layer over the
Continental United States (CONUS) landing sites
and six hourly forecast profiles for the TAL
sites. Display software developed NMC's
Development Division (Plummer et al., 1988) allows
SMG to display the data in a variety of formats
including Skewt's and time sequence of atmospheric
parameters such as relative humidity and winds.
4.

STS-41

4. 1

Launch-48 Hours

Only two TAL sites were available for STS41 due to the heavy weight of the Orbiter. These
two TAL sites were Ben Guerir, Morocco and Banjul,
The Gambia. Banjul was considered the prime TAL
since the inclination of the mission , 28.5
degrees, made Banjul an inplane landing site (see
Figure 5). Ben Guerir was the weather alternate in
case the weather is not acceptable at Banjul.
During October, Banjul is still under the influence

Meteosat Imagery

Since JSC is too far west to receive data
directly from the Meteosat satellite, Meteosat
digital data is received at a dedicated antenna at
Wallops Island, VA then retransmitted to an RCA
communication satellite for receipt at JSC.
Meteosat 2.5 km visible imagery and 5 km infrared
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Dedicated weather support begins at Launch
minus 48 hours with the onset of surface
observations at Ben Guerir and Banjul. The first
in a series of RATS is released at L·48 hours.
This release is to check out the equipment, the
communication link and to give SMG a series of
soundings from L-48 hours until launch to help
recognize trends that might become evident. The
model output from the OOZ run on October 4,valid
at launch time indicated a very wet sounding with
2.5 inches of precipitable water and high
instability with lifted index of minus 4 and K
index of 37 (see Figure 6a). There was also
indication of an easterly wave moving into the
western Africa area with increasing mid level
moisture and winds aloft becoming more
southeasterly aloft (see Figure 6b). As stated
earlier, the models have not proven too reliable
on timing of these systems, but 48 hours is too
long of a lead time to show a system on
satellite imagery and accurately forecast its
movement. So at this point the model is accepted
and the forecast for Banjul was for unacceptable
weather (see Figure 7). At Ben Guerir, the OOZ run
indicated much more
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of the lntertropical Convergence Zone (ITCZ) and
easterly waves that develop over central Africa
and move west across the Banjul area. The NMC
models do not handle the timing of these waves
very well and thus satellite imagery plays an
important role in identifying these systems and
their speed of movement. During October, ~en
Guerir is under the influence of synoptic systems
moving from west to east in the westerlies. The
model output handles this pattern fairly well but
the data void region of the North Atlantic does

.,._,;;,~, .,;:;~----." ·-._ ·<. . ·~>: ~: -,_.,;

~%:::=. - .~1<•.:''
,;.._-~~~--:
,•------

//J?.1

:' ::;f (

H

)

•<rl', ---,

.

I . /'.:: -1
. /)MC

!l

. :- \i·?~fi~ J

/

",;· ·"!

39Figure

:

BTD

~:: ~H! PHHlr~t B!no~ 2 ~~~
·..

.

,/

- -

or ~l ~T ~' f.of8 ~~ ~m ~~N
6

.
•

8~: . 500 MB H IGHT AND VORTICITY
60 hour Forecast
32. lN

00001-BEN-Bt:N GUERIR

7. BW

I•

--;.~ -:.-_--= ---:.--::-· -;,

--~

t

)'

)···:·

. 7. ~·.H '~{--~~~\ ~
(

~ - • -~.,., ~~-- -jj

(,:;:: . . ·~ .- ,__

BYD l3°BKN 70 BKN 120 BKN 7
TRW WI 30 NM
BEN 30 SCT 130 BKN 250 BKN 7

~

2908
3~12
2"C

I~

i';:

1~

ltf.

;_4:

~~~m~w~-~-~~~o~~~rn~~~

lllF

ISSUED: 03/lSOOZ
Figure 7.

VALID: SATURDAY

t~~~ch ::t1inus 48 hour Forec~st

Figure 9.

\:1
39

IUIQ. RUN

---

ST!Wll

OZ Tlf.J

~

OCT 90

Point Forecast Output for
Ben Guerir

- --

- -~~

-

Guerir was still there but much weaker and thus
less mid level moisture was forecast to advect
into northwest Africa. The Ben Guerir forecast was
also updated to indicate fewer mid clouds and thus
a greater probability the site would be acceptable
on Saturday. The weather aircraft flew around
1200Z at both sites. At Ben Guerir, the pilot
report the weather was good with no in-flight
visibility problems. At Banjul, the in-flight
visibility was 10 miles with only scattered clouds
at 2000 feet agl and scattered Cirrus clouds
above.

surface, a frontal system was forecast to be
located just north of Spain with a large surface
ridge over the north Atlantic with a weak inverted
trough located along the ' northwest Africa coast.
In the upper levels, a nearly stationary low
pressure area was forecast to be located west of
Ben Guerir (see Figure 8). The point forecast data
indicated increasing mid level moisture over Ben
Guerir as moisture was to advect northeastward
over northwest Africa around the upper level low
(see Figure 9). In the low levels, the airmass is
much drier and the pressure gradient weak. In
Figure 7 Ben Guerir was forecast as acceptable
with only mid level clouds being a potent i al
problem.
61701-BYD-BANJUL/YUNOUH,

Figure 10.

6AHB 13, 3N

16. SW

4.3

Launch Q.!.:t.

:Z6H

The NMC models were continuing to indicate
the same trend that had begun on Friday with
improving conditions but still marginal at Banjul.
At Ben Guerir the models continued to weaken the
upper level low to the west of Ben Guerir and an
increase in mid level moisture was not expected
until October 7, one day after expected laun~h
(see Figure 11). Satellite imagery
indicated the easterly wave along the west coast
of Africa near Banjul while virtually no clouds
were indicated over northwest Africa or the
adjacent coastal waters that might affect Ben
Guerir. The surface observations from Banjul had
not been received since 09Z on Oct 5 due to
communication failure between Banjul and Dakar,
Senegal. The Air Force personnel at Banjul were
asked to begin transmitting the surface
observations via INMARSAT into MIDDS II beginning
at Launch minus eight hours. In addition to the
Banjul problem the data line to Carswell AFB that
provides our world wide data base also failed at

Banjul Point Forecast
from OOZ 5 Oct.

4.2

Launch-24 Hours

On Friday morning, both the model from OOZ
and the satellite imagery indicated the easterly
wave was farther west and would be moving off the
west coast of Africa early Saturday (see Figure
10). Based on this guidance the forecast for
Banjul was improved to indicate the predominate
conditions would be acceptable but occasional
rainshowers would still be in the area.
At Ben Guerir, both the new OOZ data and the
current satellite imagery indicated that the
weather was going to be better than forecast on
Thursday. The upper l~vel low forecast west of Ben
00001-BEN-BEN 6UERIR
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Facility which was in violation of our rainshower
flight rule for RTLS. The Flight Director decided
to waive the rule since it was an isolated
rainshower, and the launch took place at 1147Z.
Figure 14 shows the verification observations for
Kennedy Space Center, Banjul, The Gambia and Ben
Guerir, Morocco. Note Banjul reported recent rain
which would have been in violation of our flight
rule of no precipitation within 20 miles of the
landing site.

05Z on Oct. 6, and thus no local analysis would be
possible using MIDDS II.
At launch minus six hours both weather
aircraft flew at the TAL sites. At Banjul the
report was good inflight visibility with improving
weather to the east and no precipitation within 30
miles of the site. At Ben Guerir the inflight
visibility was good and no clouds were observed
from Ben Guerir to the coast except for scattered
Cirrus clouds at twenty five thousand feet. The
launch minus eight hour sounding indicated 1.8
inches of precipitable water and lifted index of
negative 2 and K index of 36 at Banjul. At Ben
Guerir the launch minus eight hour sounding
indicated a relative dry stable atmosphere with
less than an inch of precipitable water (see
Figure 12a and 12b). The updated forecast (see
Figure 13) indicated little change from the launch
minus 24 hour forecast with Banjul still marginal
with a possibility of showers and thunderstorms
developing over land on the back side of the
easterly wave. At Ben Guerir all indications
continued to point to acceptable weather and their
forecast remained the same with only scattered low
and high clouds expected with good visibility and
light northwest winds on the surface. Based on the
current weather and the forecast Ben Guerir was
selected to be the prime TAL site unless the
weather improved at Banjul.

5.0

SUMMARY

Since the Challenger Accident in January
1986 NASA has made substantial upgrades in the
weather support at the TAL sites, both in
equipment and in staffing. SMG has available a
much larger data base of local data to make
important short- fused forecasts for the
successful launch of the Space Shuttle. In
addition to the upgrades overseas the installation
of the MIDDS II, the additional software and the
new data sources that have been made available
have allowed SMG to gather almost all the
necessary data into one processor to help in the
decision making process.
As it turned out STS-41 had a relatively
easy weather scenario for the TAL sites.
Unfortunately, not all the Shuttle Missions have
been so straightforward and these upgrades have
proven to be invaluable. More upgrades are i~ work
both overseas and in the MIDDS. Overseas, the
addition of visibility sensors on the automatic
weather stations . is being considered along with
weather radars. Additional decoders are being
developed for MIDDS to decode the Ben Guerir and
Banjul observations that are sent directly into
the MIDDS II. In addition, the upper air soundings
received via the Carswell AFB data line are
expected to be decoded allowing SMG to analyze the
current upper air patterns.

The remainder of the launch count went
smoothly with no real surprises in the weather at
the TAL sites. A short delay in the launch due to
weather at the Cape did occur at the launch minus
nine minute hold. A small rainshower developed
about 15 miles north of the Shuttle Landing

Forecasting the weather at the TAL sites
continues to be a challenge, but the improvements
have enhanced both the accuracy and the timeliness
of the forecasts.
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1.12

An External User Requests NMC Model Products
G. Norman, B. Batson, B. Myers
Unisys Corporation
Unisys Houston Operations
Houston, Texas 77058

1.

INTRODUCTION

asynchronously broadcasted transmission
provided by Zephyr. A McIDAS program
decoded the data on the broadcast line
and stored it in McIDAS grid files.
The grids were then available for
display using standard McIDAS
application programs. One limitation
of this method was that the McIDAS
decoder did not distinguish between
different model types when storing the
decoded data. Therefore, a McIDAS grid
file could contain parameters from
different model runs and forecast
times. Additionally, the McIDAS
decoder stored parameters in the grids
the same way they were encountered in
the broadcast message. Finally, the
Zephyr broadcast contained a subset of
parameters which were available from
the NMC production suite.

The Space Weather Systems
section is a group within the Mission
Control Center Mission Operations
Computer Software Department of Unisys
Houston Operations. Unisys has been
supporting NASA's Spaceflight
Meteorology Group (SMG) as part of the
Space Transportation Systems Operations
Contract (STSOC) since October 1987.
SMG uses a McIDAS-based computer
system to provide launch and landing
forecasts in support of shuttle
missions (Rotzoll and Hafele, 1989).
This system is referred to as the
Meteorological Interactive Data Display
System (MIDDS). SMG continues to
receive baseline software updates and
documentation from the University of
Wisconsin's Space Science and
Engineering Center. SMG and Unisys
meet on a regular basis to determine
requirements for specific software
tools to be developed to process new
data sources or provide new displays.

Primarily, SMG required an
automatic method of transferring data
from NMC as soon as it became
available, as well as a method of
manual re-transmission initiated by the
forecaster. They also needed a system
which would provide more user control
over the types of data to be sent to
the MIDDS and control over the storage
locations of the data processed.
Finally, they wanted an easy method of
identifying the status of the daily
processing.

SMG has certain data acquisition
needs which are directly related to
operational support requirements.
These conditions drive the necessity to
maintain local development support.
Upon viewing a demonstration of McIDAS
application programs developed at the
VAS Data Utilization Center (VDUC)
in Camp Springs, MD. (Siebers et al.,
1988), SMG desired to change the way in
which National Meteorological Center
(NMC) model products were received on
the MIDDS.

The Automation Division of NMC
desired to provide data to users
without having them log onto their
computer. To this end, the Automation
Division added a step to their daily
processing which copies operational
data sets to data sets which are used
specifically for communication with
outside users. These data sets are
commonly referred to as "COM" files.
The Automation Division also maintains
a continually updating status file
indicating the chronological
availability of these "COM" data sets
(Irwin et al., 1989). Irwin had some
experience transferring files
internally and suggested to SMG that
they use a high speed communications
connection and the IBM NetView File
Transfer Product (FTP) to transfer data
between the two sites. SMG initiated
the purchase of the software and the

VDUC had been receiving NMC
model products directly from the NOAA
Central Computing Facility's (NCCF) NAS
9000 computer across a local network
operating at a transmission rate of 9.6
KB. VDUC had written software to run
daily batch jobs which converted NMC
model output to McIDAS Large Word
(LW) file structures and then sent the
converted files to the VDUC McIDAS
system. This paper describes a new
implementation designed by Unisys to
meet the SMG need.
The MIDDS formerly received NMC
model forecast products via an
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installation of the communication
circuit between MIDDS and NCCF which
permits a transmission rate of 56 KB.
Then, SMG began defining the data which
would be requested, and together with
Unisys, began to define the data
transfer process and necessary user
interfaces.
2.

return codes to the request queue.
MIDDS accesses the FTP program through
the use of a batch job interface.
The MIDDS scheduler submits a
batch job containing two steps every
twenty minutes. The first step invokes
the FTP program to transfer the "COM"
status file from NMC to the MIDDS. If
the transfer is successful, a second
step runs a program which scans the
"COM" status file to determine which
of the data sets desired by SMG is
available. I f the "COM" status file is
not received. an error message is
displayed at the MIDDS operator console
and a diagnostic program is run to
identify possible sources of error. If
a desired data set is found to be
available in the "COM" status file, a
separate batch job is initiated to
process the required data set.

DATA REQUIREMENTS

SMG uses the following four NMC
numerical models to provide guidance
for shuttle launch and landing
forecasts: Aviation (AVN), Limited Area
Fine Mesh (LFM), Medium Range Forecast
(MRF) and Nested Grid Model (NGM).
This model output is stored in the GRIB
format (WMO, 1988) and is available
from the set of "COM" files. Each
"COM" file for model output contains
parameters (i.e. temperature,
pressure, u and v wind components,
etc.) in several vertical scales (feet,
millibars, sigma layers, etc.). Also,
certain parameters are available in
different map projections such as
polar stereographic and mercator. The
number of available parameters in "COM"
files is more than currently available
from the Zephyr broadcast transmission.
The predominant projection format of
"COM" files is polar stereographic
while Zephyr data is mainly mercator.

The batch job which processes a
data set contains four steps: the first
invokes FTP to request the dataset, the
second and third steps handle
successful and unsuccessful FTP return
codes respectively, and the last
decodes the data and places it in the
proper McIDAS data structure. Data
sets identified in the "COM" status
file are requested in the inverse order
in which they are found, so the most
recent data is requested first. The
NMC model products are stored in McIDAS
grid files, and the forecasts from the
Regional Profile Databases are stored
in Meteorological Data (MD) files. The
processing job stream is fairly generic
so that future data sets required by
SMG need only involve the addition of
new decoders.

SMG identified another useful
NMC product, the Regional Profile
Database (Tuccillo, 1988). The database
contains vertical profiles (in sigma
layer coordinates) for points which
have been interpolated from the NGM and
MRF numerical models. The profiles are
available for specific stations; SMG
provided input to the station list so
that the Continental United States
(CONUS) landing and overseas abort
landing locations could be processed.
The NGM model contains hourly profiles
through 48 hours; the MRF model covers
a 10-day period in 12 hour increments.
McIDAS application programs to display
this data were supplied by NMC's
Development Division (Plummer 1989).
3.

A running log of the processing
history is maintained in a McIDAS LW
file, and up to two days' worth of
processed NMC products are retained.
When a request is first issued, the
processing software writes the type of
data requested and a date/time stamp to
the log. When the data is received,
the receipt date and time are written
to the log; the same is done when the
data is fully decoded. This processing
log may be viewed at a McIDAS
workstation by issuing a command,
NMCR. This command will be discussed
further in section 5. In the case of a
line failure at either end, the
processing software will receive an
error code from the FTP program. File
transfers which were transpiring will
be marked as unsuccessful in the log.
When the "COM" status file is next
processed, data sets which were lost
during the previous transfer attempt
will be automatically re-requested.
Information about failed attempts is
written to the log file.

DATA TRANSFER DESIGN

IBM's File Transfer Program
(FTP) permits the transfer of various
IBM file formats between computers
connected in an SNA network (IBM,
1988). The program uses a queue
handler to stage requests to file
servers which perform the actual
transfers. Once a file server receives
a transfer request, it calls the IBM
mainframe communications package, VTAM
(Virtual Terminal Access Method) to
establish a session with the remote
computer and process
the transfer.
Upon completion, the program posts
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4.

54-hour forecast from the 1200 UTC model
run is always stored in the same grid
number within the grid file.

USER INTERFACES

The SMG user must set up five
files prior to processing the NMC data
on the MIDDS. These files are designed
to permit control over the content and
destination of the data processed.
4.1

4.4

As stated earlier, the Regional
Profile Database contains forecasts for
specific stations. The decoding
program processes the database
according to a corresponding station
list. In order to permit the timely
display of data for launch and landing
locations, the SMG users may create a
file containing stations which are to
be processed first. This priority
station file may be viewed or changed
at any time by the forecasters using a
workstation command. When all of the
priority stations have been processed,
a status message is displayed at the
MIDDS operator's console and a note is
made in the log file.

Master Request Table

This table is defined as a set
of LW files containing the names of
data sets which are required for SMG
operational support. There is a unique
file for each model name. The records
in each file contain the data set name
to look for in the "COM" status file
and necessary processing information.
4.2

Data Directory

As noted earlier, the NMC model
products are stored as McIDAS grid
files on the MIDDS. VDUC programmers
developed an LW file structure which
functions as a directory identifying
which grid file number contains which
model name. Each grid file contains a
specific model type from either the
0000 or 1200 UTC run and a specific
forecast time. For example, the grid
file number 600 contains the NGM 0000
UTC O-hour forecast.

4.5

Tolerance Limits

To aid in the identification of
transmission or decode problems, the
user may specify a tolerance limit for
the time needed to receive and decode
data. Limits may be set for either the
NMC model products or the Regional
Profile Database. If this limit is
met, a message is written when the log
file is displayed.

The SMG user specifies a range
of grid file numbers to contain each
model type. An algorithm is used to
determine the maximum number of days of
data which can be stored for each model
depending on the number of forecast
times and model runs. Several days'
worth of data for each model type
may be stored depending on LW space
limitations. Presently, the MIDDS
retains three days' worth of products
for each model.

4.3

Regional Profile Station
Priority

When limits have been exceeded
it is an indication that the MIDDS is
having a problem either completing a
transfer or allocating resources to the
decoding process. Operator
intervention may be required to resolve
this condition and may result in the
need to make a manual second request
for data which had exceeded the limit.

5.

Product Request Table (PRT)

PROCESSING STATUS

The NMCR command permits users
to display the status of NMC
processing, make manual requests and
identify the locations of specific grid
parameters. The command reads the
log file and displays portions
corresponding to user inputs. The user
may requeit up to the last two days'
worth of processing information. Figs.
1 and 2 contain examples of a time
sequence of the output from this
command to illustrate various status
messages and processing conditions.

This table is a set of LW
Partitioned Text (PT) files which
defines the location of specific NMC
model product parameters in the McIDAS
grid files. There is a unique entry
in the PRT for each model name,
forecast time and run time. As noted
earlier, the NMC model product data
sets contain several parameters in
various projections and vertical
scales. A McIDAS grid file is made up
of individual grids.
The PRT enables users to select
which of the NMC model product
parameters is to be decoded and where
the decoded parameter is to be stored
within the McIDAS grid file. In this
way, the SMG user can be sure that the
500 mb temperature field in the polar
stereographic projection from the AVN
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5.1

Informational Messages

server must execute requests
sequentially, this message may simply
indicate that the MIDDS has not yet had
an opportunity to process this request.

Each line in the output of the
NMCR command display indicates what
type of data was requested; when it was
requested, received and decoded; and
whether the data is in a grid or MD
file. When a request is first made,
the receipt completion column indicates
that the data is in the process of
being transferred by displaying the
"AWAITING TRANSFER" message. An
.
example of this is seen in Fig. 1 for
the AVN 42 and 48 hour forecast request
from the 0000 UTC model run made at
0423 UTC.
..........
REQUEST
TIME

NllC PROCESSING SUMMARY AS OF 90275 0427
lillOEL FCST RUN DATE

90275
90275
90275
90275
90275
90275
90275
90275
90275
90275
90275
90275
90275

0304 NGM
0323 MGM
0323 MGM
0344 NGP
0344 MGM
0344 MGM
0404 AVN
0404 AVN
0404 AVN
0404 AVN
0404 AVN
0423 AVN
0423 AVN
tN:R -- DONE

012
024
018
048
048
042
018
024

006
012

OOO
042
048

RECEIPT
COM'LETE

In the example in Fig. 1, the
tolerance for receipt of grid data is
set to 20 minutes. The request for the
AVN 0 hour forecast from the 0000 UTC
model run was made at 0404 UTC. When
the NMCR command is executed at 0430
UTC, the excessive transfer message is
displayed for this late data.
In the event that a request for
data is unsuccessful, the display shows
the message "FILE TRANSFER ERROR" in
the receipt completion column. This
error typically occurs when the link to
NMC has been severed. An example of
this is seen in Fig. 2. The AVN 0 hour
forecast from the 0000 UTC model that
was requested at 0404 UTC never came in
due to a transfer error. It was then
automatically re-requested at 0444 UTC.
The same condition prevented the AVN 42
and 48 hour forecasts from the 0000 UTC
model run from being received when they
were originally requested at 0423 UTC.

••••••••••

DECODE
COM'LETE

LOCATION

OOZ 275 MANUAL 90275 0312 90275 0313 GRID 636
ooz 275
90275 0330 90275 0332 GRID 640
ooz 275
90275 0334 90275 0334 GRID 639
ooz 275
90275 0422
PRIORITY
405
ooz 275
90275 0350 90275 0351 GRID 644
ooz 275
90275 0353 90275 0354 GRID 643
ooz 275
90275 0407 EXCESSIVE DECODE- SEE OPERATOR
ooz 275
90275 0407 EXCESSIVE DECODE-SEE OPERATOR
ooz 275
90275 0409 AWAITING DECODE
ooz 275
90275 0409 AWAITING DECODE
ooz 275
EXCESSIVE TRANSFER TIME-SEE OPERATOR
ooz 275
AWAITING TRANSFER
ooz 275
AWAITING TRANSFER

""

This link to NCCF may
periodically be disabled due to
maintenance or other problems and then
later restored. Depending on how long
the link has been down, the system will
automatically request all data sets
which have become available since the
link was restored. If the link has
been down for more than 12 hours, the
user may inhibit the automatic request
of an entire model run. Such would be
the case if the MIDDS went down at 1300
UTC and did not come back up until 0500
of the next day. The automatic
processing software will query the NMC
status file and find that all of the
current day's 0000 UTC models and the
previous day's 1200 UTC models are
available. The software will request

Fig. 1. NMCR Output indicating the
status messages. Output
displayed on Julian day 90275
at 0427 UTC.

When the data has been received
and is being decoded, the message
"AWAITING DECODE" is displayed in the
decode completion column. This is the
case for the AVN 18 and 24 hour
forecast requests from the 0000 UTC
model run shown in Fig. 1. In Fig. 2
this ~data successfully decodes.
When the Regional Profile
Database is received and the priority
stations have all been processed, the
word "PRIORITY" appears in the decode
completion column. This indicates to
the forecasters that the launch,
landing and abort landing station
forecasts are ready for display. An
example is shown in Fig. 1 for the
request of the NGP 48 hour forecast
from the 0000 UTC model run. The
abbreviation for the NGM Regional
Profile Database is NGP.
5.2

•••u••u•
REQUEST
TIME

NI«: PROCESSING SUllllARY AS OF 90275 0445
l()DEL FCST RUN DATE

90275 0304 NGM
90275 0323 NGM
90275 0323 MGM
90275 0344 NGP
90275 0344 MGM
90275 0344 MGM
90275 0404 AVN
90275 0404 AVN
90275 0404 AVN
90275 0404 AVN
90275 0404 AVN
90275 0423 AVN
90275 0423 AVN
90275 0444 AVN
90275 0444 AVN
90275 0444 AYN
Nt.CR --DONE

Error Messages

If the time between the start of
a transfer and the current system time
is found to be greater than the
tolerance limit, the message "EXCESSIVE
TRANSFER TIME-SEE OPERATOR" is
displayed. This message may be seen if
several requests are made at the same
time or if the link to NMC is about to
be ' terminated. However, since the FTP

RECEIPT
COloPLETE

u••••••••

DECOOE
CCM'LETE

LOCATION

OOZ 275 MANUAL 90275 0312 90275 0313
90275 0330 90275 0332
ooz 275
90275 0334 90275 0334
ooz 275
90275 0422 90275 0440
ooz 275
90275 0350 90275 0351
ooz 275
90275 0353 90275 0354
ooz 275
90275 0407 90275 0431
ooz 275
90275 0407 90275 0433
ooz 275
90275 0409 90275 0438
006 ooz 275
90275 0430 90275 0439
012 ooz 275
-FILE TRANSFER ERROROOO ooz 275
-FILE TRANSFER ERROR042 ooz 275
-FI LE TRANSFER ERROR048 ooz 275
AWAITING TRANSFER
042 ooz 275
AWAITING TRANSFER
048 ooz 275
AWAITING TRANSFER
OOO ooz 275

012
024
018
048
048
042
018
024

Fig. 2. NMCR Output indicating the
resolution of some of the
error conditions shown in
Fig. 1 displayed on Julian
day 90275 at 0445 UTC.
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GRID 636
GRID 640
GRID 639
405
K>
GRID 644
GRID 643
GRID 751
GRID 752
GRID 749
GRID 750

both, processing the 0000 UTC models
first. However, the user may inhibit
the previous day's 1200 UTC set from
being processed.

both the 0000 and 12000 UTC runs is
complete in about 20 minutes. The NGM
and AVN models both become available
around the same time and complete in
about 2 hours. The 0000 UTC MRF run
completes in about 40 minutes.

In the event that the decode
limit is met, the "EXCESSIVE DECODE-SEE
OPERATOR" message is displayed. In
Fig. 1, the decode tolerance limit for
grids has been set to 20 m; nutes. When
the display is shown at 0430 UTC, the
message is seen in the request for the
AVN 18 hour forecast from the 0000 UTC
model. This error may indicate that
multiple grids are being decoded
thereby requiring more system time to
complete processing. In Fig. 2 this
.data successfully decodes.
5.3

The MRF Regional Profile is
received in 30 minutes and decodes in
5-10 minutes. The NGM Regional Profile
averages a 40 minute~eceipt time and a
25 minute decode time. However, with
the priority processing option, the
forecasters are able to use the
required station forecast information
approximately 45 minutes after it is
requested from NMC •
The Zephyr broadcast circuit
transmits a different set of base files
from the NMC production suite. These
files are produced earlier than the
"COM" file available from the NMC
status file. Consequently, the grids
transferred by the Zephyr method may
arrive a bit earlier than those
requested using FTP. The original goal
was not to produce a faster transfer
operation, but to provide more user
control and monitoring capability.

Manual Requests

Through the use of the NMCR
command, SMG forecasters may issue
requests for NMC products independently
of the automatic processing described
in section 3. SMG users may request
all or one of the parameters typically
contained in an NMC model product file
or they may request a Regional Profile
Database. When a manual request is
issued, the status display indicates
the word MANUAL as seen in the request
for the NGM 12 hour 0000 UTC model in
Fig. 1.

SMG is among a handful of users
who access the NMC status file. By
maintaining a working relationship with
the Automation Division, the SMG users
are able to suggest data sources they
would like to see included in the
future. Because of the nature of the
processing method, future data types
need only be supplied with a decoder
for easy inclusion into the automated
request scheme.

As outlined in section 4.3, the
SMG user specifies which parameters
from the NMC model product file are
always to be decoded. The need may
arise for the processing of a parameter
which is sent from NMC, but which is
not normally stored in a grid. The
forecaster may do so by issuing a
manual request for this parameter.

One minor drawback in the
current system is the amount of
operator intervention required to
ensure that jobs are run successfully.
Additionally, a good deal of
coordination is required between the
HIDDS and the NCCF to identify critical
usage time, such as a shuttle mission,
simulation or required NCCF
maintenance.

The manual request option is
also used in the rare event that grid
or MD files have been deleted. Data
which has been lost may be restored in
this way. This is an option which is
unavailable from the Zephyr broadcast
unless a retransmission is arranged.
6.

RESULTS

A delicate balance must be
maintained between system usage and
request requirements. The present
system employs the use of three FTP
servers, although up to 99 may be
defined. Expanding the number of
servers does not directly correlate to
a faster transfer rate. The resources
on the MIDDS are spread thinly; plans
to increase the server numbers must
parallel expansion of the MIDDS
hardware.

SMG has been using this transfer
method to receive model forecasts since
May 1989 in support of six shuttle
missions. The Regional Profile
Database was incorporated in October
1989 and has provided useful forecast
guidance for four shuttle missions.
SMG retains the Zephyr broadcast
transmission as a back-up in the event
that the link to NCCF is disabled for a
prolonged period of time.
On the average, when the data is
processed automatically, grid files are
received in 3-5 minutes and decoded in
1-2 minutes. The entire LFM model for
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Overall, the forecasters
appreciate the ability to "watch"
products arrive, enjoy the wide variety
of model products available by this
method, and the fact that they can
recover from a line failure or
inadvertant data loss.
7.
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1.13

EVOLlJI'ION OF MIDDS II IN JSC SPACE SHU'ITLE OPERATIONS

Doris A. Rotzoll, Scott J. Cunningham, and &iward K. Hogan
Spaceflight Meteorology Group
NOAA/National Weather Service
Johnson Space Center
Houston, TX 77058
1.

additional workstation is used for developnent
during non-mission periods. Two remote
workstations support forecasting operations at
&iwards AFB, CA and White Sands Space Harbor, NM,
while the Launch Systems Evaluation Advisory Team
uses a third remote workstation at JSC for prelaunch upper wind analysis.
Over the last two years several hardware
upgrades have been made to improve system
performance. The initial IBM PC AT's have
been replaced by PS2's running 082 to enable
multit.."\Sking and allow more applications to be
run on the workstation level rather than on the
mainframe. (Dengel et al., 1989)
The mainframe is shared by operations and
developnent, leading to contentions in computer
time and disk space. Operations takes
precedence, in fact during missions developnent
is turned off completely, but software support
must have enough machine for developnent and
testing during non-mission periods. To start
alleviating some of the strain, the single
density DASD was replaced by dual density for a
total of 21 GB. This also allows loading a new
software update onto the system prior to deleting
the old version, thus requiring only a short
down time to perform the actual update.
Unfortunately, this did not improve the speed of
data processing. At the same time, RACF security
software was added to the system in compliance
with NASA regulations, adding more overhead to
an already loaded system.
Relief came in Sept 90 in the form of an
upgrade in processor power and main memory from
an IBM 4381 P12 with 16 MB main memory and 2.7
MIPS to an IBM 4381 S91 with 48 MB and 4.7 MIPS.
Prior to the upgrade the system was so overloaded
from the large amount of data ingest and
processing that the CPU averaged 99% busy and
simple workstation commands would take over 5
minutes to return an answer--hardly making the
system "interactive". Program compilation would
take over an hour, data would be lost during
ingest, and exported data would not be sent.
Needless to say, it was a great frustration to
the forecasters and developers. Workarounds
had to be developed for users and programmers.
During missions the forecasters had to sacrifice
some redundancy and backup data, which was turned
off to improve system performance. Software
support personnel had to work off hours or off
load most of their work to another system

INTRODUCTION

The Spaceflight Meteorology Group (SMG) is
an independent part of the Monitoring and
Aviation Branch of the National Meteorological
Center ( NMC) . Located near the Mission Control
Center at Jo~son Space Center (JSC), SMG is
contracted to NASA to provide weather support
for Space Shuttle operations and NASA aircraft
operations. In addition, SMG provides local
thunderstorm advisories and disseminates
infonnation regarding approaching hurricanes
to JSC site facilities personnel.
Five senior meteorologists rotate the
lead forecaster position with each Shuttle
mission. Three Technique Developnent Unit
(TDU) meteorologists work closely with the lead
forecasters to analyze problem areas and develop
new techniques to tailor all SMG systems to
shuttle operations and improve the quality of
forecast guidance displays.
The Meteorological Interactive Data Display
System II (MIDDS II) is the primary system used
for operational forecasting at the SMG. In
addition to conventional observations and three
types of satellite imagery, all landing site
specific data is ingested, decoded and displayed
for access by the forecasters. As the MIDDS has
gained recognition among the Space Shuttle
community it has gro'Wn from a forecasting tool
to a major node in a larger MIDDS data network
benefitting not only the Spaceflight Meteorolo~
Group but also other NASA and Air Weather Service
centers. Changes and additions have been made
~a . the hardware configuration, database, capabilities and functionality in order to improve
system performance, increase the data acesssibility and improve the display fonnats, all leading
to more streamlined forecast operations.
2.

THE MIDDS SYSTEM

2.1

System Configuration and Upgrades

The MIDDS II is based on the University of
Wisconsin Space Science and Engineering Center's
McIDAS system (Suomi et al., 1983). The IBM 4381
based system was installed at JSC in March 1987.
Four operational IBM PC workstations, together
with SSEC developed graphics and image display
hardware, are used for data access. One
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sequence of image and/or graphics loops. For
each loop the current state of the workstation is
saved under a loop number from 1 to 9, including
loop speed, ntnnber of frames and color enhancements. The order of the loops is then input
together with the number of minutes or fractions
of a minute that loop is to be displayed. The
sequence will run continuously until stopped
manually or via a scheduler. To brief astroriauts
flying out of Ellington Field, a continuous
sequence of three satellite image loops and four
graphics containing observations and FT's, was
set up to repeat once every 5 minutes. The video
is distributed on site and to Ellington via the
JSC 'IV network.

requiring manual transport of computer tapes.
After the upgrade the system perfonnance for both
users and progranuners has vastly improved, with
15 second response times replacing the 5 minutes,
resulting in much greater forecaster acceptance.
In the future we hope to obtain workstation
upgrades containing more frame space. Even
though our workstations have the capability for
128 images and 64 graphics, we have quickly run
out of both. Since we are loading satellite
images from GOES and Meteosat with close ups over
3 USA landing sites and 4 overseas Transoceanic
Abort Landing (TAL) sites, along with US and
global loops, we have few image frames left even
for the polar orbiter satellite imagery.
Similarly, numerical model displays of selected
parameters at various levels for a single model
run can take up to 15 graphics. A workstation
with at least 400 frames would allow the
forecasters to have all the necessary products at
their fingertips.
2.2

3.

The JSC MIDDS is pa.rt of a NASA/USAF MIDDS
network that connects similar systems at Cape
Canaveral and Marshall Space Flight Center. The
network is mainly used for data sharing and
backup. Most of the data flow between nodes is
automatic, but manual requests are possible. The
JSC MIDDS receives all of the Cape's local data
via the 56 KB network line, including lightning
data, surface and upper wind data and digital
radar imagery, while the Cape receives Meteosat
imagery and radio theodolite data from JSC.
Ingesting and transferring surface and upper
wind data to the variety of users that require
the data has been an ongoing process as both the
data sources and number of users increases.
Aside from the Cape, surface and upper air data
is also received over dedicated lines from
Edwards and White Sands and over dial-up lines
from the TAL sites. The wind data is not only
used in sm forecast preparation (See Figure 2),
but is distributed to other users, including
·
meteorologists and engineers, both on and off
site. Marshall only receives the Cape wind data,
including the new wind profiler data (See
Figure 3), since they are mainly concerned with
launch winds. Wind data received from all CONUS
and TAL landing sites is shipped to two other
computers at JSC for descent analysis of Shuttle

User Interface

A function key menu system (F-key menu)
provided in the SSEC software of the PS2
workstations has made the entry of long
cumbersome corrmands unnecessary. The menu
system, in conjuction with an ASK user interface,
allows some interactive capability. Instead of
hard wiring all the products, the system will
prompt the user to enter certain variables, such
as a model forecast or run time. The structure
and content of the menu is completely user
definable with any word processor. Several
menus can be nested to provide a wide range of
applications from one main menu. Image or
graphics loops may be defined using the F-key
menu system, then invoked using a function key,
resulting in instantaneous recall. The TDU has
developed customized menus for each operational
workstation to define and access satellite and
radar image loops, to set briefing displays to
manual or automatic modes, and to easily generate
any of the forecast products applicable for both
CONUS and Europe/Africa (See Figure 1 ) .
SPACEFLIGHT l!ETEOROLOGY GROUP
EFD l!Alll l!ENU -- TERl!INAL 16

ALT F2
ALT F3

DESCRIPTIOI
TEXAS LOOP
SE UH LOOP
Sii USA LOOP
HOU CLOSE UP
USA LOOP
OLS RADAR
DAB RADAR
I I Ill: PACIPIC-1 DAY
00118 IR OLOH-2 DAYS
I I COIUS-1 DAY
MET 11 OLOBll:-2 DAYS
MET I I ll:UR/AFR-1 DAY
MA•UAL BRIEF
AUTO HID' DAY
AUTO HID llOHT

£SC

TO MCIDAS ICROJ

Fl
F2
F3
F4
F5
F6
F7
SHFT
SHFT
SHFT
SHFT
SHFT

F3
F4
F5
F6
F7

ALT Fl

RES/RANGE
4 Kl!
4 KM
4 KM
l KM
12 Kl!
120 Ml!
120 NI!
4 KM
24 KM
12 Kl!
20 Kl!
10 Kl!

FRAl!ES
1-5
6-10
11-15
21-25
16-20
85-89
26-35
51-56
36-44
45-50
100-108
109-114

OPPOSITE
IR
IR
IR
IR
180 Ml!

MIDDS NETWORK

6HT
101:1

EC
30 100
30 82
35 115
29140 95117
30 100
GLS
DAB
20 135
0 105
30 100
5 0
30 10

DATE
90289

ION

1

TYPE
RAWI

INTERVAL
1000 rr

OR6

0~

60

'L.:

56

~

"-~

:12

~

~

F8 TO SWITCH EFD TO l!AINT
F9 TO SWITCH l!AlllT TO EFD
FlO TO DEFINE NEW LOOPS
57-64, 115-128

~

fr- 1••9• fr••••· ... ...

~

Fig. 1. Example of an F-key menu for pilot
briefing and continuity loops.
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The capability to combine PC-McIDAS software
with conmercial word processor software has also
streamlined the entering of daily training
forecasts and mission forecasts. We have
developed templates for each type of forecast
product produced, which are filled-in using the
word processor, then transferred to the MIDDS
software for display. This method is also used
to ship our mission forecasts to AFOS for
distribution over the AFOS network.
Another useful application of the new PC
software is the capability to produce a repeating
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~

Fig. 2a. Plot of wind shear for a KSC rawinsonde
from . 20 to 60 K ft. The Lon right indicates
light turbulence. The command can be applied to
any upper air wind data including profiler data.
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Fig. 2b. Plots of 10:15Z & 22:15Z KSC wind
speed and direction from rawinsonde data. The
command allows more overlays or use of other
types of balloon data (eg., Jimsphere).
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UPGRADES TO DATA SOURCES AND APPLICATIONS

4.1

Digital Imagery

In addition to GOES and Meteosat Imagery we
have added polar orbiter data (roES) from both
NOAA 10 and 11. This will become one of our ma.in
data sources in the case of a no-GOES situation.
The high resolution picture transmission (HRPI')
imagery is ingested over the Cape area and
remapped into a polar stereographic projection
for looping purposes. Through NESDIS we have
requested local area coverage (I.AC) sectors
around the globe to support emergency landing
site forecasts. The global area coverage (GAC)
imagery is usually used for on-orbit payload
support. Software has been written to search the
available GAC images for a sector containing a
given latitude/longitude point. For many sites
(ie., Guam) the roES data is the only source of
digital imagery available.
4.2
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Fig. 3. KSC wind profiler data from O to 17:30Z
Oct 16. RW & TRW were reported from 11:30-15:30Z.
network line to the NOAA Central Computer
Facility in Suitland, MD, SMG's access to
numerical model data increased in volume and
improved in speed. This link together with
commercial IBM File Transfer Protocol software,
and local software developnent to request, decode
and file the grid files, allows customized data
requests for a wide variety of parameters and
provides a manual retransmission capability in
case of system or line problems. Models ingested
include the LFM and NGM models every 6 hours out
to 48 hours, the AVN model every 6 hours out to
72 hours, and the MRF model every 12 hours from
84 to 240 hours. Software provided by NMC
(Siebers et al., 1988) and modified locally by
our applications software support contractor,
UNISYS, offers numerous graphics displays for
forecast applications.
Forecasts are made on a daily basis to
maintain proficiency in forecasting the weather
situations for all seven landing sites. To aid
in this endeavor, graphics loops are automatically drawn for surface, 850, 700, 500 and 300 mb
over both the USA and Europe/Africa. At each
level two or three overlays are produced such as
850 mb heights, temperatures and relative htnnidity (See Figure 4). Each loop consists of the
analysis, plus four twelve hour forecasts,
resulting in a fluid display when automatic
looping is turned on.

landing parameters. The surface wind tower data
is also shipped to a PC used by the Flight
Director for monitoring of real time wind
conditions at the three CONUS landing sites.
4.

L~

Worldwide Conventional Data

To receive worldwide surface and upper air
observations, communication lines were installed
and new ingest and decode software was written to
receive data from Carswell AFB, TIL Conventional
data lines did not meet our needs since they did
not contain a complete worldwide database or the
military bulletins we utilize. Modifications to
surface data plotting and contouring software
allow access to displays that were previously
only available over the CONUS. Plots and contours, which include ship and buoy data, produce
better analyses of the data void areas around the
Florida peninsula necessary for interpreting the
situation around Cape Canaveral. Software has
been written to extract hurricane forecast tracks
to create displays for dissemination over JSC's
television network.
4.3

Fig. 4. Contour of 850mb heights and relative
humidity of OZ 48 hr AVN over satellite
projection of. Europe and Africa.

Numerical Model Data
Following the installation of a 56 KB
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One of the products we are required to
provide the Flight Control Team is a forecast for
the upper level wind direction and speed from the
surface to 60,000 ft. for each landing site.
Forecasts for 16 levels are required for the
Kennedy Space Center (KSC) while 11 levels are
required for :&iwards AFB and White Sands Space
Harbor. For the TAL sites, the forecast is for 7
levels from the surface to 50,000 ft. Macros
have been written to display graphics of wind
flags on 9 to 11 different constant pressure or
height levels depending on the model. Many of
the levels are not available on AFOS.
Another product used both for upper wind and
general forecast guidance is the Regional Profile
Database (Tucillo, 1988), providing vertical
temperature and moisture profiles at specific
latitude and longitude locations from the NGM or
MRF models. Profiles are available hourly from
the NGM through 48 hours and every 12 hours from
the MRF through 240 hours. Data from the AVN
model will be available within the next year.
We have modified display software provided
by NMC's Develoµnent Division (PlUillller et al.,
1988) to display skew-T diagrams or meteorograms
of the point forecast data. NMC has incorporated
the locations of our CONUS and TAL landing sites
to provide point forecast model output at the
exact locations for which we provide forecasts
(See Figure 5). Local software was developed to
ensure that the landing site point forecast data
is decoded first. Displaying a time sequence of
the profiles for a single site provides a unique
representation of the vertical temperature and
moisture variations of the atmosphere useful in
detennining such phenomenon as the onset of
strong surface winds at :&iwards AFB, convection
at Cape Canaveral or low ceilings at the TAL
sites.
A third product created from the point
forecast data is a forecast meteorogram of a
single parameter such as RH or winds used to
evaluate the change of the parameter vertically
through the entire time period of the model.
This capability is utilized for outlook end-ofmission forecasts which can range up to five
days.
To get an indication of how well the model
products are doing on a daily basis, a
verification program is automatically run for
each model run. It compares the 24 and 48 hour
forecasts with the corresponding verifying
analysis for both the NGM and AVN models over the
CONUS and Europe/Africa.
An important part of producing the Shuttle
landing forecasts is corrmunicating the current
forecast situation to the Flight Control Team and
NASA management. Contours of model sea level
pressure are combined with manually applied
fronts to create a simple but infonnative graphic
used during oral briefings presented several
times daily throughout the entire mission.
5.

APPLICATIONS
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Fig. 5. NGM point forecast skew-T diagram for
Cape Canaveral during approaching tropical
storm Klaus.

5.1

Thunderstonns/Rainshowers

To avoid possible damages to its thennal
protection tiles, the orbiter is not allowed to
fly through precipitation. Therefore, if the
Shuttle had to return to the launch site at KSC,
no thunderstonns are allowed to exist within
20 nm around the Shuttle Landing Facility (the
landing runway). Also the approach path between
20 and 30 nm must be clear 10 nm horizontally and
2 nm vertically. Rain showers less than 20K ft
may fall within 20 nm if both approaches to the
other end of the runway are clear.
To monitor precipitation near KSC, Patrick
AFB digital volumetric radar data is automatically received every 5 minutes via our network
with the Cape Canaveral MIDDS. The products
ingested include 5,000 ft and 10,000 ft CAPPis
(constant altitude plan position indicator) and
radar echo tops. As a backup we ingest Kavouras
imagery from the Daytona Beach radar. The images
are color enhanced and displayed in a six frame
time sequence. Graphics have been created on
MIDDS to overlay the image containing outlines
pertaining to the thunderstonn and rainshower
flight rules (see Figure 6). The outlines are
saved as latitude/longitude points and therefore
can be displayed on either radar or satellite
imagery at any resolution.
As another application to the precipitation
rules, the TDU has developed software to quickly
detennine the azimuth and range of a radar echo
from any given site. This capability together
with the radar loops is used to calculate the
time it would take a cell to move into or out
of the area of concern. Also, another conunand
exists to find the position of a cell on a
satellite or radar image using a radar
observation azimuth/range report.

SHlJITLE FLIGHT RULES

5.2

The Space Shuttle has specific weather
criteria that must be met in order for the
landing site to be "go" for a safe landing. In
fact, before the Shuttle is allowed to launch,
these criteria must not be violated at any of
the designated prime abort landing sites. There
are several weather flight rules but only two
will be covered here.

Surface Winds

Surface winds are monitored very closely
during missions, especially for launch and
landing, through the use of surface wind tower
networks. KSC has a network of 30 towers, 3
along the landing strip, reporting every 5
minutes. The data is automatically sent from
the KSC MIDDS to the JSC MIDDS via the network
line, then filed for listing purposes and
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Fi3. 6b. MIDDS representation of thunderstorm
flight rule outlines overlayed on a Patrick,
AFB 5,000 ft CAPPI volumetric radar image.

Fig. 6a. Graphical depiction of thunderstorm
flight rule showing 20 nm circle around the KSC
runway and showing the heights that thunderstorms may not exceed between 20 and 30 nm.

6.

decoded for graphical displays.
White Sands Space Harbor has 3 towers along
the runway which report every 5 minutes with 20
other towers covering the missile range reporting
every 15 minutes, all received automatically by
the MIDDS via a 2 . 4 KB dedicated line. F.dwards
AFB does not have its permanent tower system over
the lakebed in place yet. Instead, 4 portable
towers are strategically placed along possible
landing runways prior to each mission. The data
is dialed into the MIDDS every 10 minutes
starting two days before launch then every 2
minutes the last 3 hours prior to an end of
mission landing at F.dwards.
The surface wind flight rules contain wind
component limits that are not to be exceeded,
namely, headwinds -- 25 KT, tailwinds --10 KT and
crosswinds -- 15 KT. These are daylight landing
limits and could vary depending on orbiter
·condition. The TDU has developed software to
calculate the crosswinds, head and tail winds
for each runway heading at a given site given a
forecast wind speed and direction. This allows
the forecaster to determine if his/her forecast
wind violates any component limits. More
sophisticated programs take the runway wind
towers ingested from the various landing sites
and automatically update a graphics display
containing head/tail and crosswind components.
The video of this display together with the
current observations and forecasts is fed to the
Flight director and Flight Control Team to keep
them updated in real time (See Figure 7).
For display of the entire wind tower network
for a site, UNISYS has modified existing display
software and developed customized high resolution
base maps for Edwards and White Sands (SSEC had
provided one for KSC). They digitized the maps
themselves so we were able to specify exactly
what features ·to include (See Figure 8).

SUMMARY

The MIDDS has now been available to the
Shuttle forecasters at JSC for nearly four years.
The amount of data it ingests and processes is
enormous, much of it not available by any other
means. Customized software is generated as needs
are identified. But we learned quickly, no
matter how much information is available, if it
is not quickly and easily accessible when it is
needed the utility greatly decreases, for the
forecaster does not have the time to wait for it
to appear. Now that we have enough processing
power to provide acceptable response time, we can
continue to improve on the user interface,
database and software capabilities. Additions
are also planned to the network, sending more
data to existing nodes and also adding new users.
Investigations are under way to gain access to
DMSP data in case of a no-GOES situation. NEXRAD
data and the CONUS lightning network are other
possible future data sources. As the system
continues to evolve, it is always necessary to
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Fig. 8. Plot of wind tower observations at 54 ft.
over the Cape Canaveral area. Plot includes wind
flags and values for peak wind and directional
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monitor the performance so that the negative
impact of the shear volume of data flow does not
outweigh the interactive benefits.

7.
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1.15

THE U.S. NAVY TACTICAL ENVIRONMENTAL SUPPORT SYSTEM
commander Glenn c. Trumbower
space and Naval Warf are Systems Command
Washington, D.c.
1.

GENERAL DESCRIPTION

The heart of TESS(3) is the
MASSCOMP 6600 which utilizes the
Motorola 68030 family of computer
processors. As shown schematically in
Figure 1, TESS(3) will have 16 MB of
memory and 1.2 GB of in-line storage.
TESS(3) will feature high-resolution
color graphics and picture quality black
and white hard copy in addition to a
number of digital interfaces which will
be described in a later section.

The new U.S. Navy Tactical
Environmental Support System -TESS ( 3) -- is a computer based,
interactive environmental data
receiving, storing, processing, display
and communications system. As such,
TESS(3) represents the Navy's move to
the next generation of operational
meteorological and oceanographic support
systems in which data and processing,
now concentrated at central site
facilities such as Fleet Numerical
Oceanography Center (FLENUMOCEANCEN),
will be distributed to regional centers,
ships at sea and Naval Oceanography
Command detachments located throughout
the world.
This paper will give an
overview of the TESS(3) system and the
architecture in which it will be
embedded with an emphasis on how the
system will be configured for Navyspecif ic applications.

The principal function of TESS(3)
is to enable Navy tactical Commanders to
quantify, exploit, mitigate or avoid the
influence of the air-ocean environment
on the performance of weapons, sensors,
and platforms. This is accomplished
through the provision of tailored
environmental data to system-specific
tactical decision aids.
For example, a
typical decision aid hosted in a command
2
and control (C ) system interfaced to
TESS(3) might consider acoustic and
bathymetric information in determining
the positioning of assets (ships,
aircraft, sonobuoys) to optimize the
probability of detecting a submarine.
In addition, the TESS(3) resident
atmospheric and oceanographic data bases
greatly facilitate the ability of the

TESS(3) Design

TESS(3) Aircraft
carrier configuration
IATELUTE
l'AOCiSSINO
IYITt!M
CONTROL.

-UNINl EllllUl'TIBLE
POWER SYSTEM
ANOBATIERIES

Figure 1. The TESS(3) hardware is
centered around a MASSCOMP 6600 computer
which utilizes the Motorola 68030 family
of computer processors.
It will have 16
MB of memory with 1.2 GB of in-line
storage. TESS(3) will digitally
interface with standard Navy
communications lines, satellite
receivers, closed circuit television and
a number of command and control systems.

Figure 2. This configurati6n consists of
one computer cabinet with a high
resolution color monitor, keyboard and
uninterruptible power supply; there are
two additional remote work stations and
a host cabinet all shielded in such a
manner as to prevent electromagnetic
leakage.
The TESS(3) configuration for
other types of ships and shore stations
has fewer workstations.
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tailored environmental data sets
depending on the location of the
receiving unit. The regional centers
will, in turn, receive data sets for
their operational areas of
responsibility from two central site
(class VII Cray Y/MP) computer centers.
These are the FLENUMOCEANCEN, Monterey,
California and the Naval Oceanographic
Office (NAVOCEANO), Stennis Space
Center, Mississippi. The Commander,
Naval Oceanography Command will install
an enhanced and expanded TESS(3)-based
system equipped with a communications
capability at each of these seven
oceanography centers to exchange
information and transmit data to TESS(3)
afloat and ashore. This communications
infrastructure is schematically depicted
in Figure 3.

on-scene Oceanographer to perform
traditional atmospheric and
oceanographic support services such as
wind warnings and high seas forecasts.
TESS(3) is being built for the U.S. Navy
by Lockheed Missiles and Space Company
and engineering development prototypes
are nearing completion of operational
testing under real-world conditions.
When these tests are complete, full
production will begin in mid-1991. A
schematic of the prototype TESS(3) is
depicted in Figure 2. This version has
been installed aboard the aircraft
carrier, USS THEODORE ROOSEVELT (CVN
71), and represents the typical aircraft
carrier configuration. In this
configuration, TESS(3) has one computer
cabinet complete with a 19-inch high resolution (1024 x 1024) color monitor,
trackball, keyboard, and uninterruptible
power supply; there are two additional
remote workstations and a host cabinet
all shielded in such a manner as to
prevent electromagnetic leakage,
allowing the processing of classified
information without fear of compromise.
An alphanumeric workstation, high
resolution black and white printer and
f iber-optic modems for interfacing with
other systems, complete this
configuration. Other classes of ships,
such as amphibious assault ships and
battleships, and shore sites such as
Naval Air Stations, will be equipped
with the basic TESS(3), but with fewer
remote workstations.

2.

TESS(3) SYSTEM RELATIONSHIPS

The TESS(3) program is managed at
the Space and Naval Warf are Systems
Command by the Environmental Systems
Program Office. This program office is
also responsible for the acquisition of
a wide range of both Navy and
Interagency systems. Navy programs
include the AN/SMQ-11 satellite
receiver/recorder, GEOSAT Follow-On and
the Defense Meteorological Satellite
Program (DMSP) Block 6. Among the
Interagency programs are the Next
Generation Weather Radar (NEXRAD), the
Automated Surf ace Observing System
(ASOS), and a Mini-Rawindsonde System.

TESS(3) Communications
Infrastructure

TESS(3) Information Flow

ATMOSPHERIC
DATA BASE

... .

C2SYSTEMS
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TESS(3)
ASHORE LOCATIONS

OCEANOGRAPHIC
DATA BASE

Figure 3. Global air/ocean data are
assimilated and utilized for analyses
and forecasts at the central sites. The
model outputs are then transmitted to
the five regional centers for further
distribution to TESS(3) locations afloat
and ashore worldwide.

Figure 4. TESS(3) will ingest DMSP,
NOAA, and TIROS satellite data which
will be integrated with locally sensed
surface and subsurface data and large
scale oceanographic and atmospheric
model output from the Navy regional
oceanography centers. Tess(3) will then
provide digital environmental data to c 2
systems. See text for details.

In addition to locally acquired
satellite and conventional data, TESS(3)
afloat and ashore will be supported by
five regional oceanography centers
located worldwide which will provide
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Because all of these systems are under
the same management, the Navy is able to
efficiently coordinate optimum
environmental support capability at the
lowest cost.
In addition to acquiring
TESS(3) and other hardware, the program
off ice coordinates R&D efforts at a
number of Navy labs. These efforts,
inter alia, support development of
sophisticated data base management
systems, state-of-the-art atmospheric
and oceanographic data assimilation and
prediction models and interface
technologies. This latter R&D thrust
supports a TESS(3) software architecture

In addition to direct interface
with c 2 systems, TESS(3) will feature an
interactive man-machine interface (MMI)
providing tutorials or concise
guidelines. The MMI will allow the user
to efficiently access resident data
bases, execute applications programs,
and will facilitate determination of
environmental support required by
warfare area or weapons system. This
will afford these systems a significant,
real-time, tactical advantage in the
conduct of Anti-Submarine Warfare,
Strike Warfare, Anti-Air Warfare and
other warfare areas. Unlike earlier
systems, the incorporation of these
features will make TESS(3) an integral
part of command and control.

Idealized Depiction of
Environmental Data Coverage

3.

TESS(3) DATA MANAGEMENT

The areal coverage of the three
data sources depicted in Figure 4 will
vary considerably depending on the
source of the data.
For the example
shown in Figure 5 for TESS(3) afloat,
conventional measurements will sample
environmental parameters in the
immediate vicinity of the TESS(3)
platform and other ships in company.
Remotely sensed data will cover a
normal satellite footprint, while the
data transmitted from the supporting
regional center will be of ocean basin
scale. The horizontal and vertical
resolution will also be a function of
the data source. Atmospheric and
oceanographic data assimilation systems
currently in development are being
designed to blend data from all sources
into master air/ ocean data bases of the
horizontal (10 to 50 km) and vertical
(10 to 100 m) resolutions required to
support the needs of the c 2 systems
described above, and to provide inputs
to tactical scale analysis and
prediction models. Formats for these
data and examples will be discussed
later.

Figure 5. TESS(3) afloat receives
environmental data from three sources:
local conventional sensors, satelliteborne remote sensors, and a central
computing facility via a regional
oceanography center. Locally acquired
conventional data are available within a
diameter of approximately 300 km
depending on the number and location of
ships in company with the TESS(3) unit.
Satellite data expands coverage to a
diameter of near 2000 km, and regional
center data expands it to more than 5000
km.

As noted earlier, one of the
principal benefits of TESS(3) is the
capability to assimilate data from the
three sources described earlier into an
easily accessed atmospheric and
oceanographic data base utilizing a
sophisticated data base management
system. TESSJ3) can then provide a flow
of data via C interfaces, as
schematically depicted in Figure 6.
System-specific decision aids will
generally reside in the individual c 2
systems as indicated in Figure 6. and be
provided environmental data by TESS(3).

which is compatible with existing and
emerging c 2 systems that will support
various warfare areas and weapons
systems. This architecture has also
been designed to allow TESS(3) to
provide environmental data to the c 2
systems in an automated fashion.
Examples of Navy c 2 systems include the
Advanced Combat Direction System (ACDS),
Anti-Submarine Warfare Module (ASWM),
Tomahawk Weapons Control System (TWCS)
and others as shown in Figure 4.

Formats for the transmission of
environmental data are rigidly
prescribed by the Navy and have been
incorporated into TESS(3). Acceptable
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temperature. Most of the data resident
in TESS(3) will be provided to other c 2
systems in grid fields, typically in 32
x 32 arrays.
Figure 7 depicts a typical
32 x 32 grid field background with a
land-sea overlay.

TESS(3) Environmental Data Flow

As mentioned earlier, TESS(3) will
also provide certain data in boundary
line and vertical profile format.
Some
examples of data which are best
represented in boundary line format are
ice edge, ocean fronts and eddies, wind
and high seas warnings, and tropical
storm warnings.
Figure 8 depicts an
extratropical wind warning which has
been transmitted in boundary line format
Pacific Wind warning

Figure 6. Environmental data reside
within the TESS(3) master air-ocean data
base. Horizontal grid field arrays,
typically 32 x 32, can be provided on
any background at the required
resolution for each c 2 system. In
addition, vertical profile or boundary
line format data can also be provided.
formats for environmental data are grid
fields, boundary lines and vertical
profiles. Examples of TESS(3) data that
are stored and transmitted as grid
fields include atmospheric parameters
such as winds, temperature and pressure,
and oceanographic parameters such as
significant wave height, direction and
frequency, and sea surface/subsurface
Grid Field Background
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as a series of latitudes and longitudes
describing the shape and location of the
envelope of potentially hazardous 50 and
30 kt winds. Vertical profile data will
include such point data as bathythermographs (BT) and atmospheric
soundings. A typical vertical profile
transmission of a bathythermograph trace
(depth vs temperature) is shown in
Figure 9. Note that the simplest
representation of a vertical profile
transmission would be a point value,
e.g. surface temperature at a single
latitude and longitude.
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Figure 8. Wind warning over the
northeast Pacific transmitted as a
boundary line.
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Figure 7. A typical 32 x 32 grid
background with land-sea overlay.
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Bathythermograph Trace
TEMPERATURE
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Once the initial software upgrade
has been accomplished, emerging
technology will need to be exploited to
meet the Oceanographer's priorities.
This will necessitate extensive R&D
efforts in not only meteorology and
oceanography, but in environmental
effects on weapons, sensors, and
platforms and interface technology as
well. These efforts will provide for
the evolutionary growth in capabilities
needed to support Naval operations
ranging from global warfare to local
area conflict.

c•c)

5

20

15

.---"------"'--------"""'T~TE~M~P~UNWODOR
CHANGING suSHnY

MIXED

LAYER

!!,T!!_ D;!!!!!_ -

s,ooo'
tIA.I
IA.I

""
!

..,

et:

:z:: 10,000'

>

t-

C(

0..
IA.I

-'

a::
.....,

c

z

Cf

~

w

(,,)

0

The principal, most complex and far
reaching of these R&D efforts will be to
implement new data assimilation
technology and oceanographic and
atmospheric predictive models, and
acoustic, electromagnetic and electrooptic assessment techniques currently
under development.
For example,
regional high resolution, geographically
specific ocean thermal structure
prediction models are being developed
for high interest areas.
In the
atmosphere, assessment models of three
dimensional radio propagation
performance are in the early stages of
development.

TEMPERATURE
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Figure 9. Typical bathythermograph trace
in which vertical temperature
measurements are plotted against depth.

4.

Additional high priority R&D
efforts approved by the Oceanographer
include a stand-alone "nowcast"
capability for TESS(3) which utilizes
improved ocean and atmospheric
assimilation techniques based solely on
remotely sensed and in-situ data
available to TESS(3) afloat. The
motivation for these efforts is to
mitigate single points of failure. Also
high on the list of R&D priorities is
the upgrading of fine resolution
oceanographic and atmospheric data bases
which will provide vital environmental
data to tactical decision aids for Navy
systems of the 1990s and beyond.
Another effort will develop algorithms
to process data from new space-based
sensors such as synthetic aperture
radars, altimeters, and new generation
microwave imagers which will fly on
future NOAA and DMSP satellites.

TESS(3) SOFTWARE UPGRADES

When TESS(3) achieves its initial
operational capability (IOe), the
environmental software will be limited
to 32 government furnished applications
that existed at the time the contract
was awarded to Lockheed in July 1988.
The more important of these are
electromagnetic and electro-optic
(EM/EO) applications and several
oceanographic/acoustics applications,
such as computation of sound speed
profiles, passive acoustic propagation
loss and ambient noise.
Obviously many additional
environmental applications will have
been developed and will be available at
roe. Hence, the newly fielded TESS(3)
units being introduced into the fleet
will require technology upgrades.
Accordingly, the Oceanographer of the
Navy has approved a phased plan to
upgrade TESS(3) software through fiscal
year 1997. Highest on the priority list
of upgrades is the incorporation of
environmental applications developed in
the more than two years between contract
award arid roe. Accomplishment of this
highest priority upgrade will give
TESS(3) a state-of-the-art support
capability shortly after roe.

5.

SUMMARY

The introduction of TESS(3) into
the Navy will provide tactical
commanders ashore and afloat with
secure, responsive, and robust
environmental support, including
quantification and display of
environmental satellite data.
It will
also enable them to more effectively
employ environmental understanding as a
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force multiplier. TESS(3) incorporates
proven technology into an integrated
system which minimizes program cost and
risk and maximizes use of existing
software. By conforming to industry
standards, TESS(3) can employ a wide
array of external interfaces and
peripherals and its modularity promotes
flexibility for future growth. TESS(3)
will soon bring to fruition years of
effort designed to improve the
oceanographic support provided to the
Navy in every warfare area, thereby
enhancing the probability of mission
success at every stage.
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THE PILOT'S AUTOMATED WEATHER SUPPORT SYSTEM (PAWSS) CONCEPT
E.R DASH
ST Systems Corporation (STX)
Hampton, Virginia
and

N.L CRABILL
Aero Space Consultants
ViGYAN, Incorporated
Hampton. Virginia

1.0

INTRODUCTION

use.
It is proposed that a state-of-the-art
automated weather observing, communication
and processing system could be developed to
provide this needed weather data directly to
the pilot in near real-time. The requirements
for such a system include:

There
is
a
need
for
automation
assistance in the acquisition, assimilation
and display of up-to-the-minute weather data
in aircraft cockpits to improve the safety and
utility of aircraft operations. Many aircraft
operations are conducted into areas where
adverse
and
even
hazardous
weather
is
forecast. Fortunately, the actual weather is
frequently better than forecast and the flight
is
completed
safely
to
the
planned
destination.
In other cases, though, "good"
weather is forecast but unforecast adverse
weather creates delays and in some cases
u~acceptably
hazardous situations.
When
adverse or hazardous weather is present, the
situation is usually accommodated through
special ATC weather avoidance procedures,
through aircraft pilot experience, and/or
through
precautionary
landings.
Some
significant
factors
which
create
these
situations are:
a.

the actual weather differs from the
forecast weather, including
amendments,

b.

the observations are too old or too
sparse to be useful in defining or
assessing the current trend of the
weather,

c.

the observations of some critical
weather elements which have been made
are not sent to the pilot in a timely
way,

d.

all pertinent aviation weather
observations be automated to provide
a fine scale time resolution of
rapidly changing weather events,

a.

b.

these automated observing systems be
located with a geographic spacing
capable of detecting the existence of
small scale events,

c.

these data be communicated
automatically and continuously,
directly to the pilot (and to ATC and
the airlines) in a way that decreases
his overall workload,

d.

pilot-oriented displays be
automatically derived from the data
from these automated systems,

e.

these weather data and displays be
monitored with expert system software
to generate alerts and 4 dimensional
flight path recommendations for the
pilot in real-time.

2.0

PILOT WEATHER INFORMATION NEEDS

The specific weather data requirements
for each aircraft operation depend on the type
of aircraft, the route and the planned flight
profile, the pilot capabilities, a~d the
expected weather.
However, ~o ident.ify and
document the weather information requirements
for each phase of flight, a typical flig~t
scenario has been developed.
The scenario
outline and the analysis for the Departure
through Cruise Phases of the scenario are
given in Appendix A; a sunnnary of the
resulting weather information requirements is
given in Figure 1.
(The analysis of all
phases of the scenario will be published in a
separate report.)

the data are sent, but the pilot is
occupied with other tasks at the time
and the weather information is
broadcast on radio frequencies which
are not being monitored by the pilot.

Clearly, what is needed is a system
that will provide the inflight pilot a
continuously updated assessment of the actual
and expected weather that can affect his
flight in a form that is easy to acquire and

2.1

Unsatisfied Needs

Based on this scenario analysis and
current pilot experience, several unsatisfied
needs have been identified.
Some of the
weather data, analyses and systems support
that are required but are not readily

The work described in this paper has been supported by
the Federal Aviation Administration under contrlilct: DTFA-01-904-01019 to Diversified International Sciences Corporation (DISC)
r.ri.th subcontract to ST Systems Corporation (STX) and under
Contract: NASl-18585 to ViGYAN, Inc.
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Comparisons of terminal forecasts and surface observations
along mute for last 3 hours

Comparison of area forecasts and aloft observations along
mute for last 3 hours

Location of acceptable alternate airports
Tak&-Off

Current surface conditions

Hazardous weather elements aloft in departure terminal area
updated since preflight briefing

Departure

Current surface conditions at departure terminal area airports

Hazardous weather elements aloft in departure terminal area
updated since take-off

En mute

Current and forecast surface conditions at suitable accessible
airports along mute, including destination and alternates

Actual and time-phased forecast aloft conditions along the
mute with emphasis on location and intensity of hazardous
weather to be expected

Descent

Current forecast and surface conditions at destination airports,
and alternates

Current and forecast aloft conditions in destination terminal
area with emphasis on location and intensity of hazardous
weather to be expected

Landing

Current surface conditions

Current aloft conditions in destination terminal with emphasis
on location, intensity, and movement of hazardous weather

Post Right

Current and forecast surface conditions for stay time

Rgure 1. Weather Information Requirements Scenario Summary

available in today's aviation weather support
system include:
a.

surface observations including runway
visual range (RVR) at many airports,

b.

adequate reports of runway condition
at many airports,

c.

accurate forecasts, and real-time
observations of cloud layer bases,
tops, and lateral extent,

d.

accurate forecasts and real-time
observations of icing locations and
severity,

e.

accurate forecasts and real-time
observations of winds aloft,

f.

accurate forecasts and real-time
observations of turbulence in a form
that can be used by each pilot to
estimate his aircraft response,

g.

accurate descriptions of present
weather aloft elements away from
airports, ie. in large terminal
areas, and en route,

h.

quick comparison of how the actual
weather has developed over the last
three hours with the forecast
conditions,

i.

real-time forecast guidance including
winds aloft changes when the official
forecast is blown and amendments have
not yet been issued,

j.

a user friendly way of getting the
large amount of information needed to
the pilot in real-time,

k.

system technology for assimilating
this information in real-time.
3.0

PILOT WORKLOAD

The workload placed on the inflight
pilot in acquiring and then assimilating the
weather information needed will depend on the
specifics of each flight. However, for those
flights with adverse or hazardous weather
along the route, the pilot often does not have
enough time to request sufficient current
weather data to develop and maintain an
accurate big picture of how the weather system
affecting his route is evolving.
Since the
original flight plan was also based on the
terminal forecasts, the pilot needs to monitor
and evaluate their validity as well.
In
practice, the pilot today often concentrates
only on his primary destination and his
alternate, at the expense of monitoring the
enroute
conditions,
with
not
always
satisfactory results.
During the preflight phase, the pilot
needs to compare the terminal forecasts with
the actual weather over the last three hours
at many airports within a reasonable distance
of the planned route.
In adverse weather
conditions, this acquisition and assimilation
process could easily require more time than
the one hour between scheduled surface
observations; and the pilot would probably
never launch!
Of course this preflight
process is speeded up if there is a company
dispatch function, face-to-face or telephone
contact with a Flight Service Station (FSS)
Specialist, or Direct User Access Terminal
(DUAT) access.

4.0

APPROACH

Some of the unmet weather data needs
listed earlier may be met
by planned
improvements and developments in the National
Weather Service's (NWS) Advanced Weather

easily understood display formats and
procedures incorporating expert
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Interactive Processing System for the 1990' s
(AWIPS-90)
and
the
Federal
Aviation
Administration's (FAA) Aviation Weather System
(Tomlinson, 1989).
The NWS's Automated
Surface Observing System (ASOS) and the FAA's
Automated Weather Observing System (AWOS)
programs will
provide automated
surface
observations at many airports hitherto lacking
any observations.
The NWS Profiler System
will provide near real-time information on the
winds
and
temperatures
aloft
over
the
continental United States, and the joint
DOD/NWS/FAA Doppler Weather Radar System
(NEXRAD) will provide coverage of severe
convective weather over most of the country.
The NEXRAD will even provide estimates of
expected storm tracks 20 minutes into the
future.
The FAA' s Terminal Doppler Weather
Radar System ( TDWR) will provide wind shear
information in real-time at about 45 large
terminal areas. And finally, the new weather
initiatives in the FAA's Capital Improvements
Plan
should
provide
improved
aviation
forecasts and support products in gridded data
fields suitable for automated processing.

•AUTOMATED RECEIPT OF FORMATTED DATA
•AUTOMATED PROCESSING· PILOT ORIENTED

·TRENDS

•SYSTEMATIC UPDATE CYCLE

•EXPERT SYSTEM SUPPORT

oUSER FRIENDLY CONTROL SYSTEM

Figure 2. PAWSS System Concept

placed on board an aircraft using such a
system, it is possible to derive many types of
data presentations and applications.
In
PAWSS, color coded map-type presentations will
be used with the weather data being depicted
directly on both horizontal and vertical
navigation map displays.
The weather
information depicted on the maps will be coded
by the on-board processor into operationally
significant
classifications.
These
classifications will filter small changes,
while alpha-numeric listings will be available
to provide more detailed information when
needed.
Several initial depictions have been
defined using the PAWSS concept and are shown
in Figures 3, 4, 5, and 6.
The Airport
Operational Category depiction (Figure 3)
shows at a glance that the flight from Patrick
Henry (PHF)
to Raleigh (RDU)
is being
conducted
in
Instrument
Meteorological
Conditions.
The destination, RDU, is "Low
IFR" at OOZ and was "Low IFR" at the previous
observation too. The "Likely" part of the RDU
terminal forecast applicable at the ETA calls
for Marginal VFR; the "Occasional" part of the
terminal forecast calls for "IFR"; and the
"Chance" part of the terminal forecast is in
fact the "Low IFR" condition which exists, and
has existed since the last observation, at
least. Thus the destination weather is worse
than the Likely or Occasional forecast
weather.
It can easily be seen that "good
weather" is off to the right, and "bad
weather" continues ahead, to the left, and
behind.
The Airport Weather depiction (Figure
4) can be used to determine the classes of
weather types causing the categories shown in
Figure 3 while the Ground Weather Radar
depiction
(Figure
5)
shows
the
Video
Integrated
Processor
(VIP)
precipitation
levels along the route.
When needed, the
alpha-numeric Airport "LIST" depiction (Figure
6) gives the latest surface observation, a
sununary of the last four surface observations,
and the terminal forecast for a given airport
with the color coded classifications superimposed.
Thus, the pilot is provided with
color coded depictions in several forms, plus
the actual alpha-numeric data when he needs
it. With this system, you can fly your "color
of the day" i.e., if you have to stay in good
VFR weather conditions, you fly only the area
with white symbols and no radar VIP overlay;
or if you can fly Low IFR but not CAT II

PAWSS DESCRIPTION

The PAWSS concept is illustrated in
Figure 2.
The system automatically acquires
the weather data and transmits it to the
aircraft on a regular duty cycle (4 to 6 times
per hour). The on-board processor selects the
data for processing and display based on the
waypoints prograIIlllled by the pilot.
With
appropriate communications links, the system
could also be used for preflight briefing (at
home, at the airport or even in the aircraft) .
5.1

•ALPHA-NUMERIC BACKUP

·AUTOMATEDDATAEDITINOJFORMATTING

Given the present volume of weather
information available plus that which will
result from the planned improvements, it is
imperative that some means be developed for
assimilating and processing the available data
in a more useful form based on the pilot's
perspective.
To meet this need, the FAA is
conducting research in concepts
which
incorporate
automated
weather
processing
assistance
for
pilots.
One
of
these
activities is the Pilot's Automated Weather
Support System (PAWSS) research described in
this paper.
The PAWSS concept development
effort, a joint project between the FAA and
the NASA Langley Research Center, has been
divided into three phases. First, research on
the proper formats for displaying the weather
information based on the pilot's requirements
for each phase of flight.
Second, research
into automated assistance for getting the
information and PAWSS processed displays to
the pilots as they need them.
And finally,
developing
expert
system techniques
for
incorporating PAWSS-type weather information
processing into flight planning and flight
management.
As other agencies pursue means
of satisfying the remaining unmet needs
outlined above, the new products and services
resulting
from
those
efforts
will
be
incorporated
into
the
PAWSS
concept
development.
5.0

-GRAPHIC DEPICTIONS

• CONTINUOUS WEATHER DATA RECEIPT

Data Presentation
Given the wealth of data that can be
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Figure 3. PAWSS Airport Operational Category Depiction •

Figure 4. PAWSS Airport Weather Depiction
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•

NON-COLORVERSION

NON-COLORVERSION

00132
ACTUAL TIME

Figure 5. PAWSS Ground Weather Radar Depiction

Figure 6. PAWSS Airport "LIST" Depiction
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approaches, you fly the yellow category but
not the red.

dimensional flight path and why?"
One
approach is to use information from the map
and vertical cross section depictions to
automatically generate recommended flight
paths using algorithms based on pilot defined
criteria.
These same depictions would then
serve to illustrate to the pilot the reasons
for the recommended flight paths.
Alternatively, the pilot could impose conditions on
the replanning based on his assessment of the
situation as shown on the depictions.
A
separate flight planning function would then
compute the time, distance, and fuel burn. A
sample of the result of such a process is
shown in Figure 7.

These preliminary depictions will be
refined through simulation and flight studies
to produce a useful and concise information
base that can be used by the pilot. This data
can then be accessed in real-time to review
the weather status and to provide the pilotoriented weather information needed for realtime strategic planning.
5.2

PAWSS Controls

It is intended that PAWSS be controlled
by a small number of user-friendly function
controls similar to Navigation/Communications
and LORAN C equipment, rather than an alphanumeric keyboard.
The Ground Weather Radar
depiction can be overlayed on the Airport
Weather depiction to form a composite image,
and the individual depictions (and composite
images) can be played back in time sequence
for trend detection. Any of these depictions
can also be "Zoomed" to allow more airports to
be displayed and thus provide more detail
about the weather in a specific area.
Hazardous weather features 6f importance to
the particular flight will be automatically
alerted to the pilot.
6.0

PHF • NEW ETA: 0230Z

g!mlANinom - -

RDU & RWI FORECAST TO
BE BELOW YOUR WX MIN

@ETA.
SUPPORTING EXPLANATORY
AIDS I DEPICTIONS

ADDITIONAL DEPICTIONS

• NEW FLIGHT PLAN AVAILABLE
PLOT DECISION AID

Depictions of the kinds shown above can
be
automatically
generated
by
computer
algorithms using the currently available
NWS/FAA surface airways observations and
terminal forecasts, and using ground weather
radar mosaic data that is commercially
available today.
As discussed earlier, we
expect to have in the future some of the
NEXRAD volume-scan radar data products, the
NWS Profiler real-time wind and temperature
data, and PIREPS in a digital data base in a
gridded
format.
This
will
facilitate
development of additional PAWSS depictions
such as a Route Vertical Cross Section showing
wind components and temperatures vs altitude,
precipitation tops and bases, and turbulence/
icing extent and severity.
We also expect
improved and quantitative area forecasts,
showing forecast positions and intensities of
submesoscale weather features, which can be
readily displayed in easy-to-visualize Area
Forecast depictions.
In addition, we expect
that the terminal forecast process will
automatically produce continuous forecast
guidance products for each weather observing
site using advanced statistical techniques.
We anticipate that these and other new data
types will be available through the NWS, the
FAA or through commercial services for use in
PAWSS-like systems.
7.0

Figure 7. PAWSS Smart System Approach

In the initial stages of the PAWSS
concept development, the pilot will use the
basic depictions to make judgements about
weather trends and to do his strategic
planning.
Ultimately,
expert
system
technology will be used to assess the trends
and recommend optimal 4 dimensional flight
paths to the pilot as discussed above.
REFERENCES
Tomlinson, Michael A., Federal Plans to
Satisfy
Aviation
Weather
Information
Requirements in the 1990's.
AMS Third
International Conference on The Aviation
Weather System, Anaheim, CA, Jan 30-Feb 3,
1989. Pg. 459.

CONCEPT EXTENSIONS

It is obvious that many additional
depictions can be constructed using existing
and planned weather data types.
However,
there is a real risk of overwhelming an
already busy pilot with too much detailed
information, when what he really needs is a
quick, reliable answer to "what is my best 4
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APPENDIX A:

DERIVATION OF WEATHER INFORMATION

REQUIREMENTS
A. 1

A.2

Approach

The generic decision-making process
associated with planning and conducting a
flight has been analyzed by first breaking a
typical flight down into 11 operational
segments as shown in Figure A-1.
For each
segment, the operation is then further broken
down into individual elements and the scenario
analysis sequence is to:
a.
b.
c.
d.

Analysis

A detailed analysis for each phase of
the flight scenario shown in Figure A-1 is too
lengthy to be given here and will be published
in a separate report. However, the analysis
for the Departure through Cruise Phases are
reproduced in Figure A-2 to show the weather
information needed for these phases of the
flight,
and to show how that weather
information can be used in conducting the
flight.
Based on the overall analysis, the
generic weather information requirements for
the entire flight have been identified and
suuunarized in Figure 1 of this document and
are discussed in Section 2.0.

determine the requirements,
perform the operation,
monitor the performance of the operation,
replan as required.

The weather elements affecting each
flight operation ~re defined in the context of
Meteorological Data Required.
Then the form
and the
current
source of these data
(Meteorological Data Product) are identified
for the present system from the Aviation
Weather Services publication, FAA/NWS AC 0045C June 1985.

''
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DEPARTURE AIRPORT

I
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Analysis Scenario

• Determine Flight Requirements
• Perform Operation
• Monitor Performance
ALTERNATE AIRPORT
• Replan as Required
DESTINATION AIRPORT

0

------- - - - - [] Preflight Planning; Flight Plan Fiiing

III

Cruise Operations

00 Preflight Operations

[[)

Approach Operations

[i] Taxi Out & Take Off Operations

liJ Landing Operations

[ii Departure Operations

[fil Taxi In & Parking OperatiOf!S

~

fiIJ Post Flight Operations

Initial Climb Segment

00 Initial Cruse Operations

§I

Alternate Operations (Repeat[[)· UJ)

Figure A-1. Flight Phases and Analysis Scenario
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A SIMPLE TERMINAL FORECAST MONITORING SYSTEM

John Pyeatt 1 , John Baugh 2
1

2
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,

Jama Richardson 2

Federal Express Corporation
Memphis, Tennessee

INTRODUCTION

THE CONVENTIONAL DATA SYSTEM

4.

Conventional data (SAOs, RAOBs, FTs,
etc.) is received as coded data by satellite
broadcast from Zephyr Inc. Following receipt of
the signal the original data structure is
decoded and transformed into a new data
structure format which blocks off the data into
a catalog header and a data section, filing each
block into an appropriate location. Certain
types of data are further manipulated and filed
into a McIDAS-specific data structure referred
to as Meteorological Files (MD) (Barret et al.,
1985) which can then be accessed and displayed
by the forecaster at a later time using a
variety of McIDAS plotting or contouring
options.

BACKGROUND

The overnight parcel delivery service
Federal Express Corporation (FedEx) based in
Memphis, Tennessee creates terminal forecasts
for approximately 140 stations throughout the
United States. A staff of three or four
meteorologists generate these forecasts twice
daily for use by their Flight Control group to
determine several aspects of incoming and
outgoing flights. This group uses the FedEX
terminal forecasts to determine what qualification of plane and crew may be necessary to
takeoff and land at a particular airport. If it
is decided that no planes can take off or land,
alternate sites must be determined to insure
timely delivery.
3.

and Raul Jimenez 2

University of Wisconsin
Madison, Wisconsin

Over the past several years the amount of
weather information available to the forecaster
has increased dramatically. With this expanded
amount of data, the ability of an individual to
monitor all incoming data has become a greater
burden. As a result of this burden, and with
the increased use of automated computer systems
to assimilate and compile those meteorological
observations, the next step taken to assist the
forecaster would logically be to have the system
monitor their forecasts for significant or
unusual deviations.
2.

,

Asynchronous
Communication
Interface

Circuit
Traffic
Handler

Ship
Decoder

Surfoce Hourly
Decoder

RAOB
Decoder

THE TOOLS
Fig. 1.
flow.

In the spring of 1986 the University of
Wisconsin-Madison installed a McIDAS (Man
computer Interactive Data Access System) (Suomi,
et al., 1983) in Memphis. To display data the
forecasters use three Space Science and
Engineering Center (SSEC) designed workstations
that use IBM ATs as a smart terminal (Ide,
1987). Along with satellite ingestion from GOES
and METEOSAT, conventional data such as surface
hourlies, synoptic reports, and severe weather
watches are ingested and decoded from the
National Weather Service Family of Services and
the FAA 604 data circuit. Since the primary
data source for the topic of this paper is the
FAA 604 data circuit, the other sources will not
be mentioned any further.

5.

General structure of conventional data

FORECASTER'S JOB

Each forecaster is responsible for
between 30 and 50 terminal forecasts per shift,
paying particular attention to ceiling and
visibility conditions. The forecaster is
assigned approximately one third of the country
to keep track of for a particular shift. Under
certain weather patterns such as large high
pressure regions this is not a difficult task.
However there are times when a forecaster can be
quite busy. An example of this would be a large
area of fog out ahead of a warm front.
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6.

7.

THE MONITORING SYSTEM

FUTURE ENHANCEMENTS

As FedEx grows internationally, the number of
destinations that will need to be monitored by
the meteorologists will approximately double.
The monitoring system can be easily adapted to
handle the increased number of reports. An
additional enhancement to the system will be the
inclusion of not only the destination airport
but also the surrounding reporting stations.
This feature may give the meteorologist added
advanced warning for certain weather phenomenon.
A final enhancement would involve letting the
forecaster customize the monitoring system to
their own particular needs. This may include
checking fields other than ceiling and
visibility or altering the boundaries for which
an alert message is sent.

The purpose of the monitoring system is
to free some of the forecaster's time by keeping
track of the terminal forecasts and incoming
weather information, and then within certain
pre-defined criteria alerting the forecaster
when a significant deviation from the original
or amended forecast occurs. The monitoring
system itself contains three parts: the terminal
forecast decoder/filer, the forecast verifier,
and the weather alerting system.
As the meteorologist completes his
forecasts, the forecasts are filed in two
formats. The first format is simply the raw
terminal forecast text filed in a form that is
easily read by the meteorologists and flight
control personnel. In the second format the
hourly visibility and ceiling for each station
is decoded and filed in a form that is easily
read by the circuit decoding system described
earlier.

8.
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As surface reports come into the McIDAS
system from across North America they are
decoded and filed in their normal manner.
Before moving on to the next surface report the
observed visibility and ceiling are compared to
the forecast. The system uses discrete boundaries to determine whether the meteorologist
needs to be alerted. For ceiling heights these
values are 200, 400, 800, and 1500 feet; for
visibility, 1/2, 1, 2 and 3 miles.

Ide, Jonathan, (1987): Pc-Based McIDAS.
Preprint Volume, Third International
Conference on Interactive Information
Processing Systems for Meteorology,
Oceanography, and Hydrology, January 1987,
American Meteorological Society.

An alert message is sent to the workstation if a surface report falls outside the
range of the upper and lower bounds bracketing
the forecast value. As an example, if the
forecast for a particular station is an 800 foot
ceiling at 17 GMT and the actual observation for
that hour is 300 feet or 1600 feet, then a
message will be sent to the forecaster's screen
because these observations are less than the 400
and 1500 foot boundaries respectively. At that
point it would be up to the forecaster to decide
whether an amendment to the forecast is
necessary.

Suomi, V.E., R. Fox, S. Limaye, and W.L. Smith
(1983): McIDAS III: A modern interactive data
access and analysis system. JCAM 22, 766-778.
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Terminal forecast monitoring system.
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MIST
A REMOTE BRIEFING SYSTEM

P J Stevens
Systems Development, Meteorological Office,
Bracknell, Berkshire, UK

Controi data was included on one
channel. The graphics available were
coarse by todays standards but at that
time were adequate. The cost of the
system in colour was approximately half
the price of installing a monochrome
CCTV system with all its limitations of
readability and visual assimilation.

1. INTRODUCTION
Like most other meteorological
communities the UK Meteorological Office
has had to face the problems of
distributing weather information to its
users. Especially vulnerable are
perishable data for the military user
whether it be observational data, or
short period forecasts pertinent to
their mission.

In practice MIST has proved so flexible
and successful as a delivery system that
it is being considered for use in many
areas where the rapid distribution of
data is a requirement.

In the past these data have been
distributed via teleprinter, motor
vehicles, telephone and, of course, by
the staff. The disperal of fast jet
squadrons, and Operations, into hardened
accomodation, often some kilometres away
from the airfields Met Off ice has
increased the problem.

3. OPERATIONAL REQUIREMENTS
The choice of Marham for the first of
the new generation of MISTs was made at
Command level. Marham is a RAF base
which supports Tornado fast jet
operations and also Victor tankers for
air to air refuelling.

2. BACKGROUND
The MIST (Meteorological Information
SysTem) concept was born in 1979 with
the implementation of C-MIST at the
Trinational Tornado Training
Establishment located at RAF Cottesmore
in the UK. Here the expected density of
flights, training pilots of the German
Air Force, German Navy, Italian Air
Force as well as the Royal Air Force
(RAF), would be so great that the
forecaster would have little chance of
updating himself if every flight had the
personal briefing that the crews expect.

The Met Off ice is located about 300
metres from Air Traffic Control, but
Operations and the squadrons are some
kilometres away in various directions.
The Met Office took the opportunity to
demonstrate to the RAF how inexpensive
PC technology could be used to pass
operatjonal information to the users, in
the hope that the aircrew WGuld request
similar data to be provided on a
suitable future RAF system.

To solve this problem a small network of
microcomputers was installed. Their
video output was fed into an HF
television system which distributed
essential data to various users around
the base. Cable televisions were used to
display the data. Six channels were
displayed, most channels carried
meteorological data but some Air Traffic

The basic requirements were to :a. Support the operational roles
of the station.
b. Use centrally generated data
where possible so reducing any
labour intensive tasks.
c. Be able to input both text and
graphics from the local Met
Office, These could be
70

d.

e.

f,

g.

h.

i.

4.

displays o~ overlays on other
data.
Reduce the labour involved in
updating meteorological data
held at various locations
around the base.
Present visually attractive
displays which aided the
assimilation and retention of
large amounts of data.
Be user friendly by offering a
simple method of selecting
data and context orientated
help facilities.
Provide facilities so that
each user could tailor the
data displayed to their own
operational requirements.
To provide the data as near to
real time as existing
communication channels would
permit.
Attempt to reduce the need for
the user to input requests
using the keyboard.

4.1

Communications

Communications for centrally generated
data are supplied by a 4800 bps
asynchronous line which is used to
provide data for the forecasters display
system (Hills and Cluley, 1988). This
line is fed from a resilient network.
The locally generated data, both text
and graphics products, are fed intothe
system over a two-wire circuit, again
operating at 4800 bps.
The MIST broadca~t from the Met Office
to the users is also at 4800bps and
utilises existing two-wire circuits. A
line driver supports individual lines to
each user. Another line driver
terminates the circuit before it enters
the users PC.
Apart from some problems due to a faulty
cable, under the main runway at Marham,
the system appears to be reliable and
adequate for its purpose. However more
recent requirements from other MIST
customers will require error correcting
modems to ensure that data are not lost.

SYSTEM DESIGN

The system can be split into three main
sections :a. the communications - both for
the centrally and locally
$enerated data, as well over
the Met Office to user links.
b. the system hardware.
c. the system software in support
of the station role.

4.2

System Hardware

The incoming data from Bracknell, and
the local Office, is fed into a
Communications Processor (a 20Mhz 80386
based computer). To support the Marham
operational area, coverage of the UK and
near continent is required. The
Communications Processor filters out the
unwanted data about 90% of the ODS

The MIST hardware and communications are
summarised in Fig 1.
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broadcast) and formats the remaining
data before transmission to the user.
The format of these data are such that a
minimum of processing is required by the
users display PC.
Originally the users PCs were to be
80286 based machines but the advent of
the 80386SX opened up the possibility of
true multitasking at the same price.

An error log was also incorporated
writing any software errors that occur
to an error file which can be viewed if
requ f red.
A system was taken to Marham late 1989
for the users to assess. The response
was very favourable with only one or two
minor changes requested.

A typical MIST user display consists of
a 80386SX based microcomputer with VGA
colour monitor, a three button mouse,
but no keyboard. There are two
variations on this theme. Although the
Duty Authorising Officer in Air Traffic
Control has a typical users display
terminal it is obvious that the Local
Controller does not have time to use a
mouse. He has a monochrome screen (80 by
25 characters) with low, high, inverted
and blinking attributes. Any new data
received updates his screen
automatically. Similarly downstairs in
Approach Control there was found,
initially, to be little room for extra
monitors and a matrix printer has been
provided. This printer also
automatically produces hard copy of any
data which have changed and need to be
brought to the attention of the Approach
Controllers. However, other monitors
have now been installed in Approach
Control as the savings to be made in
staff, timeliness and accuracy in r
passing, checking and transcribing data,
far outweigh the cost of these screens.
4.3

5.

THE MENUS AND DATA DISPLAYS

Items for display are selected by
clicking the mouse on the appropriate
item. Two levels of expertise are
available - novice and expert. If an
option without parenthesis is selected a
pop out menu appears detailing the
further options available in the
original selection. For example the
choice of LOCAL gives a pop out menu
containing ACTUAL, DIVERSIONS, LAF and
TIME SECTION. Clicking on one of these
displays the data requested.
Alternatively the line below LOCAL reads
(A D L T) and the user who is familiar
with the system may select that data
without going through the intermediate
step using the pop out menu. Further pop
out menus may appear to facilitate
selection of some items (METARs, TAFs
etc).
The following is a list of the data that
can be accessed. The data coverage
required at Marham is the UK and
adjacent countries of Europe

System Software

5.1

As the Marham MIST was specified as a
demonstrator it was necessary to develop
robust software in as short a time as
possible. The development system was
purchased in July 1989 and the complete
project has taken well under 2 man
years. The programmers were not familiar
with the language (Turbo Pascal) or the
intricacies of communication software.

LOCAL Data (for Marham)
ACTUAL : Latest weather as sent
to Air Traffic Control. A TAF is
included.
DIVERSIONS : Latest actual and
forecast for diversion
airfields.
LOCAL AREA FORECAST : Text
forecast for the local area.

The initial system using only centrally
generated data was running in March
1990. Text input was added in June and
full graphics input in September 1990.

TIME SECTION : Time height
section (graphical equivalent to
the LAF)

The first step was to program the
communications input and define and
create the databases to be used on all
the machines. By the time this was done
the screen formats and initial menu
design had been completed and work
progressed with the users display. Later
the text and graphics input completed
the basic software. During the latter
stages the value of the users being able
to set thresholds for temperatures, wind
speed etc as well as setting up their
own station lists became apparent and
were included.

5.2

UK Data
COLOUR STATES : Colour states are
a colour code based on a matrix
of visibility and cloud base the
criteria vary within Europe so
the colour states are calculated
by the program using the RAF
criteria. About 200 civil and
military airfields are used.
These are supplemented by North
Sea oil rig and helicopter
landing platform reports. A few
synoptic reports are also used.
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This is nominated as the primary
colour map and the area may
be changed by the user. If the
mouse if not used for three
minutes the screen defaults to
this option.

warnings are displayed as text. The text
is coloured to highlight the v~rious
items of importance. It is hoped to show
the warnings in force on the menu
itself.
5.5

LOW FLYING FORECAST : A graphical
and text representation of the
weather expected over the UK in
the next few hours.

The two options are for EUROPE or the
UK. EUROPE is activated during
exercises. A fixed sequence of data are
displayed consisting of surface and
forecast charts, radar rainfall, low
level forecast, latest METARs and TAFs
for Central England, local weather,
diversions etc. The user presses the
centre button of the mouse to go to the
next screen of information.

METARS : On selecting this option
a pop out menu displays a map of
the UK divided into areas.
Selecting an area leads to the
display of all the METAR reports
within that area. The ICAO
indicator of the airfield is
displayed in the current colour
state of the airfield and the
reason for that state (the
visibility or cloud base) is
also colour coded. All data are
tabulated across the screen and
the reports appear in a fixed
order.
QNH : Displays forecast altimeter
settings for the current hour on
a map; the next hours values are
in a table.

5.6

STATION DETAILS : On selecting
this option the user is presented
with the same map, split into
areas, that is used for the METAR
and TAF options. Selecting an
area invokes the computer to s-can
its database and display the
station name, ICAO indicator,
Latitude, longitude and height.
NEWS : this is merely a text page
to inform the user of the changes
made since the previous version
was installed.

Selection is the same as
METARs. The current TAF or
stations in the selected area
displayed. Amended forecasts
shown in black.

5.7

WEATHER RADAR : The display screen
is split into 2 main sections.
The right hand side of the screen
shows the latest radar rainfall
whereas a smaller map on the
right hand side displays an
animated sequence of the last 8
hourly frames. Should the data be
considered to be misleading, due
to, say, anaprop, the forecaster
may insert text into a box which
is shown on the screen below the
animated sequence.
5.3

EXTRAS

It was decided to provide various user
defined options and also data of
interest to each group of users. A
further layer of pop out menus are
invoked for some selections :AREA : displays a selection of
different areas (eg Western UK,
Eastern UK, North
Sea) with colour
states and surface winds.
CONFIG : various user defined options
DEVICES : Allows -Lhe user to "turn
off" mono screens, printers, and sets
a time out on the colour screen.

EUROPEan Data

This option is activated when exercises
are called. It provides a colour state
map, METARs and TAFs for Europe. A
composite radar rainfall, satellite
display for a large part of Europe
completes the option. Facilities to
receive forecasts for the area may be
added later if required.
5.4

MIST HELP

Help is available by selecting any
option and clicking on the right hand
button. Other facilities have been added
to assist the user :-

RECCE : Any recconaisance reports
which are received are shown
under this option.
TAFS
for
all
are
are

BRIEFING

USER LIST : Lists of METARs, TAFs can
be compiled. This is useful as it
permits the user to structure the list
to a particular mission. etc.
THRESHOLDS : As previously mentioned
thresholds of temperature and wind
speed can be set by the user.
Exceeding the threshold will result in
the data being displayed in red.

WARNINGS

As well as displaying 'permanent'
warnings (eg thunder level, icing) other
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3RD DIVERSIONS : Provides a third page
of weather for two more airfields.

public utilities and marine and offshore
companies.

SET COLOUR MAP : Sets the primary
colour state map to one of those in
the AREAS option.

Versions to run under Windows 3 and UNIX
are also planned.

8. CONCLUSION

TORNADO OPTIONS : options useful for
aircrafts role

The MIST concept is an example of the
means being sought by the Met Off ice to
deliver perishable data and information
to the varied customers that it
supports. It is considered that the
system has met its main objectives
a. it is simple.
b. it is user friendly.
c. it is visually attractive,
thereby allowing the data to be
assimilated more easily.
d. it can be tailored to display
almost any type of data, both
textual and graphical.
e. the system is not expensive.
f, the system architecture can be
changed to support different
(eg company) inputs and
outputs. For instance, it is
possible to have multiple
screens driven by one CPU
displaying, and updating,
information covering, say,
different areas of the world.

SURFACE WINDS : Plots the latest
surface wind on the primary map.
FORECAST lOm WINDS : Plots forecast
(T+12) NWP regional model data onto a
map. The fleches are colour coded
according to the temperature, and
significant wave height can be
displayed, also colour coded to a user
defined threshold.
VICTORS OPTIONS : options useful for
aircrafts role :30000ft T+12 : The winds at this height
are displayed from the Bracknell
global model and are valid for 12
hours after data time. Winds are
plotted with temperatures displayed in
a circle at the base of the fleche.
30000ft T+18 : Same as above but the
forecast is valid for 18 hours after
the data time.

6. DATA INPUT

Reference :
1. T S Hills and P Cluley, 1988 :"The
Development of Outstation Display
Systems (ODS) for Meteorological
Forecasting Offices in the United
Kingdom." in Proceedings of the
Fourth International Conference on
Interactive Information and
Processing Systems for
Meteorology, Oceanography and
Hydrology. American Meteorological
Society.

Routines have been written which allow
the local Meterological Off ice to input
both text and graphical data into the
system. The text input is made from a
keyboard onto defined 'templates' and
edited as necessary. The graphical data
is input from the same machine but using
an inexpensive bit pad (digitising
tablet) and running the MIST Graphics
Input Package.

7. FUTURE PLANS
The use of a video projector attached to
MIST for Station Briefings will be
trialed.
A global data base has already been
constructed to receive aviation data of
interest to airlines. This includes NWP
data from the Bracknell global model.
In the near future the radar rainfall
coverage will be extended.
Twelve grey scale satellite imagery for
NW Europe will also soon be available.
This may be animated and act as an
overlay on the surface briefing chart.
Due to the interest that it has
generated other versions of MIST are
under development for North Sea
helicopter operations, civil aviation,
74

1.19

WEATHER DATA INGEST PROCESSING, DISTRIBUTION AND DISPLAY SYSTEM
Richard J. Boire
Alden Electronics, Inc.
Westborough, Massachusetts
Systems which ingest, process and
distribute weather data from multiple sources
can effectively provide access to large
volumes of graphic weather data from many user
terminals simultaneously, such terminals being
served by a LAN (Local Area Network) or a WAN
(Wide Area Network) satellite distribution
network. An example of such a system is the
C5020 Colar Weather Graphics System produced
by Alden Electronics, Inc.

International Data Service. Conventionally,
these data services provide their text and
headers for the text in WMO (World
Meteorological Organization) format. Other
text services include the FAA 604 Service
widely utilized by aviation.
TELECOMMUNICATIONS
The architecture of our example system
(described below) enables the user to tie into
a variety of communications circuits including
conventional terrestrial services such as
phone line and microwave plus satellite
channels. Communication services can be
handled from low baud rate through voice
bandwidths up to channels of 256 Kbs depending
upon customer requirements. Zephyr weather
Information Service, Inc., a private satellite
transmission company, distributes National
Weather Service Family of Service products
(graphics as well as text) via C-Band and
Ku-Band satellite using a Zephyr provided
downlink at the user location. This downlink
can deliver multiple channels of data
simultaneously, combining the user's own
dedicated channel of enhanced products
(uplinked and distributed for custom weather
network requirements) with government data
sources such as those listed above.

Systems of this type provide a central
database of current weather products for
simultaneous and independent access and
display of any products contained within the
database at each user workstation.
These systems are employed by users who
wish to have access to weather data sources at
a number of locations. Principal among such
users are commercial airlines, federal or
civil aviation organizations and major airport
centers where weather plays the significant
role in air traffic management. In these
applications, weather information is dynamic,
and its use is tactical. Access to a variety
of informational sources makes it possible to
arrive at decisions as to dispatch of
aircraft, routing of aircraft, flight
planning, flight control and other operations
involving tactical decisions.

The System Front End Processors (or
Input Processors) have the appropriate
interface for the downlink. Terrestrial
communications facilities are also supported
by appropriate modems and protocol management
at the Input Processor. A variety of
telecommunication services, modems or
protocols can be supported enabling the user
to obtain the weather data that he desires at
his preferred data rate or at the data rate
available from the particular source.

THE DATA SOURCES
Typically, the weather data sources for
the system consist of National weather Service
products such as DIFAX (Digital Facsimile)
weather maps, GOES (Geostationary Operational
Environmental Satellite) weather satellite
pictures from the GOES-Tap and weather radar
products from RRWDS (Remote Radar weather
Display System). Other graphic product
sources can include AFOS (Automation of Field
Operations and Services System), NEXRAD (Next
Generation Radar) (as available in the
1990's), LPATS (Lightning Position and
Tracking System) real-time lightning strike
data, added value graphics data streams from
private databases, and enhanced graphics
generated by the user. Satellite pictures
from METEOSAT and GMS in the GOES series as
well as orbiting weather satellite pictures
such as those available from NOAA-11 represent
alternative or additional graphics sources.

BASIC SYSTEM ARCHITECTURE
Such a system consists of the following
principal elements:
1.
A series of Input Processors for ingest
of the data. These Input Processors operate
simultaneously and may be receive-only or
interactive. Interface requirements, modem
and communications protocol are all handled as
part of the Input Processors.
A switching network for the routing of
2.
data to the system's computers.

Beyond access to graphics sources,
weather text sources can be ingested and
displayed such as those available from the
National Weather Service's Family of Services
program (FOS) including the Domestic Data
Service, the Public Data Service, and

3.
A LAN (Local Area Network)
communications system and a terrestrial
communications system or satellite
distribution network.
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4.

A master computer and slave computers.

5.

A standby master computer.

the capability for the master computer to
exchange files with the slave computers.
Communication between the computers is
performed through modules which run under
TCP/IP (Transmission Control Protocol/Internet
Protocol). This is the standard protocol for
computer-to-computer information exchange,

6.
User terminals, user
workstations--either local or remote.

7.
Additional functional elements include
one or more print stations for hard copy, edit
stations (for enhancing weather products),
large screen displays and other video monitors.

The software for the slave computers
includes product display modules and keypad
request modules in addition to the standard
NFS and TCP/IP communication modules described
above. For each product to be displayed, the
slave requests the product from the master
computer, which requests are handled through
the network. As the product is received, the
slave computer loads the product into video
memory; the operator can perform zoom, pan and
scroll functions on the product once it
appears in video memory. The operator can
also choose to print the product in hard copy
if he so desires using appropriate graphics
drivers available as system options.

SOFTWARE DESIGN
In the system used as our example, the
software has been written around the UNIX
Operating System. This operating system
handles all disk access as well as file system
organization. The programming language used
is "C".
Several software modules run under UNIX
and provide the necessary instructions for
transferring files from the master computer to
all other computers in the system. On the
master computer, the software ingests
simultaneous inputs from the various data
sources as received through the Input
Processors. On the slave computers, the
system software services simultaneous requests
from multiple users via the Local Area Network.

The system maintains its own Product
Directory of current images, and this Product
Directory can be altered from time to time as
needed by the user. The Directory is
displayed via a menu function at the terminal
or workstation, and the menu contains a brief
description, reception time and a three digit
display code for each product (0 to 999),

UNIX serves as the basic means of
communication between the system software and
the computer hardware with software modules
handling each function. Modules run
concurrently on all the computers (master or
slaves) and information is exchanged between
the computers in a standard format.

Certain types of products contained
within the Product Directory may lend
themselves to dynamic imaging or "looping".
Typical of these would be RRWDS radar images
and GOES satellite pictures. The Product
Directory can be set up to define a product
loop of these images, and the Product
Directory will automatically obtain the
necessary images and place them in files in
appropriate sequence. Standard loops may
consist of up to 12 images, and they are kept
current in a FIFO (First In First Out)
implementation.

The software modules on the master
include data input modules for each type of
input data, LAN communication and image
processing. The master computer has a module
for the ingest of GOES, ingest of DIFAX, and
ingest of RRWDS. Additional modules are
available or can be configured for ingest of
other products including alternative graphics
and text. These programs take the data from
the Input Processors and form an initial raw
file for each product. After each raw file is
created, an entry is made into a queue to
indicate that a new product has arrived.
Another software module scans the queue for
new entries, and when a new entry is made,
this module looks up the product in the
Product Directory. If the product exists in
the Directory (that is, if the user has
established that this is a product that he
needs or wants to have in his database), then
the product is processed into a file in a
displayable format. The Product Directory is
updated with the time and date for that
product. If the product is not one which the
user has in his Product Directory, then the
raw file is deleted.

Under the NFS, files are established
and identified of appropriate length for
storage of various graphics (or alphanumeric)
files. Conventional file address varies with
the type of data. For instance, for DIFAX
charts, the file address is the MOMSS code
(Mode or Message Selection System); GOES
products use a header which forms a part of
the picture, and alphanumeric products use a
WMO or similar header as a file address.
Although all products can be received and will
be input processed, only products which have
been listed in the Product Directory are
maintained on file--the others are deleted
before final processing and file storage.
DIFAX charts contain more data than can
be displayed on a 640 x 480 pixel screen which
is the standard display for a terminal or
workstation. The software for DIFAX image
processing at the master can cut DIFAX charts
into appropriate size sections or "cuts".
These cuts are defined in the Product
Directory file, and any DIFAX chart can be

The system LAN distributes data to user
workstations. The communications modules for
the LAN run on the master computer under NFS
(Network File System), This module provides
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divided into multiple cuts. The image
processor for DIFAX looks for a starting point
and the number of pixels for each chart. High
resolution DIFAX products can be processed to
create a reduced resolution product to fit the
data on the monitor screen in addition to
being processed as cuts for full resolution
display. The software has the flexibility to
create products of varying resolutions from
each DIFAX chart to meet the particular user's
needs and, once established for a given DIFAX
chart, the system automatically generates and
files these charts for user access.

3.
Enables software to be updated and to
be changed.
In addition to the master computer and
slaves, the system usually includes a standby
master computer which is capable of taking
over the master computer's functions should
that be necessary. Each slave computer is
equipped to handle up to four terminal
locations with a color monitor and keypad for
each. The color monitor paired with a keypad
composes the user terminal or workstation.
This workstation is installed wherever a user
needs to display products that have been
acquired by the system. The user at his
terminal can zoom, pan, scroll or animate the
image ("looping").

RRWDS radar products are obtained via a
national RRWDS network which is a terrestrial
communications system providing user access to
more than 100 individual radar locations for
receipt of live radar imagery. The system
specifies which radars can be accessed and
placed in the Product Directory file. The
master computer commands the Input Processor
to obtain the appropriate image from the
desired radar location, and this RRWDS image
is then stored in the system's database and
assigned the standard colors defined by the
National Weather Service for display.

The computer used for editing or
annotation is similarly a 386. This computer
is used to edit products that are already in
the system; placing the product back into the
database for access by a user workstation or
output to a hard copy printer.
In a conventional installation, there
is substantial local distribution of weather
data products via Local Area Network which is
typically Ethernet hardware and software
based; an Ethernet board provides the hardware
communication between individual computers
running on the LAN. Under the operating
software shell of UNIX, there is software
running that provides data control for
information being handled by the LAN.

The system software has the capability
of selecting GOES pictures from various GOES
channels made available at the satellite
downlink. The Product Directory file may
require imagery from more than one channel
simultaneously. In this event, dual GOES
Input Processors would be implemented as
system software is configured to allow
additional Input Processors.

Interconnection of LAN Ethernet boards
is provided by a single Ethernet run of
RG-58/u coaxial cable; multiple slave
computers are connected using a daisy-chain
arrangement. The standard LAN configuration
is what is referred to as a thin Ethernet
network, and the total length for such a
network segment is less than 200 meters. Up
to 100 stations may be handled by a single
segment. This would make it possible for a
conventional system to have as many as 99
slave computers and a total of 396 user
terminals or workstations.

SYSTEM HARDWARE ELEMENTS
It is appropriate to provide some
additional information for typical hardware
elements so as to give the listener some small
additional background when it comes to
discussing the user interface and system
functionality.
The Input Processors (front end
processors) consist of a series of intelligent
hardware modules which generally include
firmware and which may also be furnished with
associated modems. These processors
conventionally are dedicated to the
information source such as DIFAX, GOES, RRWDS
or AFOS. Routinely, systems may have anywhere
from five to ten Input Processors contained
within a convenient 19" cabinet with hardware
communications modules such as a satellite
receiver, modems and AC power.

The LAN software under which the
communications run is 386/ix NFS (Network File
System). The hardware selected to be
compatible with NFS includes the 386 computer
previously described with its Ethernet
controller board and software running on the
386 as follows:

The master computer and the slave or
remote computers are typically 386 based. The
master computer includes a monochrome monitor
and a keyboard. The master:
1.

1.

386/ix Operating System.

2.

386/ix TCP/IP.

3.

386/ix NFS.

Other 386/ix modules required to
4.
support NFS and TCP/IP.

Processes all incoming data.

All disk resident stored files are on
the 140 or 200 MB hard disk of the master.
Depending upon the types of graphics products
which the system is asked to store, generally

2.
Responds to all requests from slave
computers, remote computers and computers used
for annotation or editing functions.
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the system can handle about 500 such files
with additional space for hundreds of text
files should the system be equipped for text
use.

8.
A system built for today, but designed
for the needs of tomorrow.
Thank you.

FUNCTIONALITY
In our description of the system we
have already touched on some of the
functionality that is available at the user
terminal or workstation. We will expand
further on this user capability.
At the workstation, the user can call
up any product in the Product Directory and
the products are always the most recent
product received. If it is a DIFAX product,
the user can zoom for greater detail, scroll
or pan for area of interest. Radar imagery
can be accessed for terminal forecasts. A
•1oop• of radar images can provide specific
information as to precipitation development,
rate and direction of storm movement. GOES
pictures provide the •bird's eye view• of the
weather, and at a glance can provide a
substantial summary of weather over large
geographic areas. Similarly, loops of GOES
imagery can provide dynamic information on the
rate of storm development and movement.
Edited products may include adding weather
features such as fronts to GOES satellite
pictures or hand-drawn significant weather
•snapshots• superimposed on surface analyses.
zoom, scroll and pan functions are available
to the user for these types of products as
well.
SUMMARY
The system discussed is one designed
for customers involved in operational
meteorology and who seek a system which
provides:
1.
Simultaneous ingest of multiple data
sources both graphic and alphanumeric from
government or private databases.
2.
The ability to serve simultaneously a
number of user workstations both locally and
remotely.
3.
Simplicity of use as to commands and
yet comprehensive as to the amount of data
able to be accessed.
4.
An edit capability to customize
graphics for operational use.
5.
A building-block principle that permits
the addition of Input Processors for
additional or different meteorological
information systems.
6.
For satellite delivery of product or
satellite distribution of product to remote
locations.
7.
The user with the ability to have a
dedicated channel for weather information
tailored to his networking needs.
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1.20

AMIGAS IBCHNIQUES FOR INGESTING GTS DATA

Francis E. Lomax
Control Data Corporation
Minneapolis, Minnesota

1.

Starting line:

INTRODUCTION

IT A2:

AMIGAS is an acronym for the Advanced
Meteorological Image and Graphics Analysis System,
developed by Control Data Corporation. This is an
integrated hardware and software system which acquires,
manages, processes, and displays meteorological data for the
operational meteorologist. One of its key features is its
ability to produce numerous meteorological products from
data maintained in its databases. Therefore, being able to
ingest world-wide meteorological data and store it into the
appropriate database is an essential requirement for
AMIGAS.
2.
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The primary source of surface and upper air data is
through the World Meteorological Organization's (WMO)
Global Telecommunication System (GTS). The format of
these meteorological messages are specified in the "WMO
Manual on the Global Telecommunication System, WMONo. 386". It describes two formats that may be used:
International Telegraph Alphabet No. 2 (ITA2) and
International Alphabet No. 5 (IA5). In order for AMIGAS
to be able to use this data, a file must be created on the host
computer which contains the data in one or both of these
formats. AMIGAS then examines the messages in the file
and routes them to one of the follow-on processors which
then stores the data in the appropriate AMIGAS database.
When we examined the actual data files from various
AMIGAS sites around the world, we discovered that there
were several problems which had to be overcome in order
for this concept to work. First, the data was not always
formatted according to the ITA2 or IA5 format as described
in WMO-No. 386. Secondly, the file structures generated
by the data acquisition processes varied. Finally, in some
instances more data was received than was needed to satisfy
the customer's requirements.
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"ZCZC' Indicates starting line for IT A2 message.
Transmission sequence.
Classification and Identification gro.up.
Geographical and/ or time designators.
Number used to differentiate two or more bulletins
which contain data In the same code and which originate
from the same geographical area and have the same
originating centre.
lntematlon four-Jetter location Indicator of the station.
International date- time group.
Indicat or for addition, correction, or amendment.
Text of meteoroloqlcal bulletin.

Figure 2. ITA2 and IA5 message formats.

Figure 1. GTS meteorological message format.
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Store Coded Data stores the bulletins in their
original "codea" form-without any decoding. This process is
useful for storing items such as Terminal Aerodrome
Forecasts and discussion bulletins. The Store_GRIB_Data
and Store_GRID_Data processors store numerical model
products. Finally, the Split_and_Decode Processor breaks
apart (splits) the input file into individual bulletins and
routes them to the appropriate surface or upper air decoder.
The critical link which controls the ingest process and solves
the problems described above is the AMIGAS Configuration
File.

Computer application programs expect input data to
be in a precise format. This would not be a problem if the
messages were in the form shown in Figure 1 and
conformed to either the ITA2 or IA5 format as depicted in
Figure 2. However, we have often found cases where the
actual reports deviated from the prescribed formats. As
examples, sometimes the "nnn" group would be missing.
The "BBB" group often contained five characters instead of
three, e.g., RTDOl. Some sites had substituted printable
characters for the non-printable characters in the IA5
formats. The "ii" designator often contained only 1 digit
instead of 2. The files generated at some sites could be read
using FORTRAN A80 format statements, others required
unformatted reads using a specified file size. Thus, different
formats and file OPEN calls were needed to read the data at
different sites. Finally, some sites received more data than
was necessary to meet their current requirements. This
created excessive entries in their databases resulting in
reduced available disk space. Thus, AMIGAS needed a way
to select what data should be stored in its databases.
3.

The AMIGAS Configuration File is the core of the
AMIGAS Ingest Options capability. It contains the
information describing the various database file locations
and formats. It also contains information concerning the
AMIGAS ingest processors. The AMIGAS Configuration
Utility (AMICU) is used to create and maintain the
AMIGAS Configuration File on the host computer. One can
control the ingest processing with two AMICU functions:
Manage File Templates and Manage Data Filters. The
Manage File Template function allows an individual to
define the catalog (file directory) structure that holds the
files for input to the Data_Discriminator and the follow-on
processors. It also allows the specification of the location
and file naming convention for the various AMIGAS
databases. The Manage Data Filter function maintains the
information for the Data Filters. A Data Filter specifies all
the information needed to control the processing of data files
in its input catalog. Each data filter has a name which
Process_Incoming_Data uses to initiate its processor. The
Data Filter specifies how its input file is to be read; i.e.,
using formatted or unformatted reads. For unformatted
reads, it allows an End-of-Line indicator to be specified (up
to eight characters). It also specifies how many characters
to read at a time. This solves the problem of different file
structures. The data filter specifies the GTS format of the
data which it can process, ITA2, IA5, or both. For each
format, it allows up to eight characters to be specified for
each of the following indicators: the Start-of-Message, Endof-Message, and Record Separator. This allows a site to
overcome the problem with the non-standard ITA2 or IA5
formats.

AMIGAS TECHNIQUES TO SOL VE THESE
PROBLEMS

To overcome these problems the latest release of
AMIGAS contains an Ingest Options capability. The ingest
of data is controlled by a procedure called
Process_Incoming_Data. This procedure can initiate either
the Data_Discriminator or one of the four AMIGAS followon processors. Figure 3, along with its key in figure 4,
shows how the different data processors are used to extract
data from an input file and store it into the databases. The
Data_Discriminator examines the "TTAAii CCCC" groups
from each bulletin in the input file to determine if it should
be forwarded to a follow-on processor. If so, the bulletins
are properly formatted and stored in the input catalog (file
directory) for the respective processor or processors. After
it has processed all the data in the input file, the Data
Discriminator initiates the appropriate follow-on processors
by using the procedure Process_lncoming_Data. Currently,
the available follow-on processors are Store_Coded_Data,
Store_GRIB_Data,
Store_GRID_Data,
and
Execute_Split_and_Decode.
EXTERNAL DATA SOURCE
DATA SOURCE
• ITA2 Poraat
• IA5 Format
• GRID Poraat
• GRlB Poraat

Data files contalnins data from IUI in&Ht source
are indicated by tbe white box. Tb•
format is 1pecltled In tbe AMIGAS ConCiauration
Utility for its proce11or'1 Data Pllter.

J

~
~
~ 111\ered GTS
;: Sfc .. UPA Data

A Data filter (DP) 1pecifyin1 wbicb procenor IPJ
should be used to proce11 tbe input data. All
processes shaded in tbi1 manner CIUI be executed by
supplylna tbe Data filter name IUld tbe Input Clle
name to the AMIGAS procedure
PROce11 lncomlaa Data (PROIDJ.
Intermediate files which require follow-on
processina la mder to aet tbe data into tbe
appropriate AMIGAS databaae are indicated by tbe
shaded box.
SPL!t And Decode ISPLAD) i1 an available AMIGAS
procedure. part ol the aeparately priced
GTS/ AFTN decoder option. which splits
conventional Global Telec:ommuaicatlon1 System
formatted metemoloaical data Into Clle1 to be
processed by one of five follow-on optional
decoders . Tbi1 1hadlna ladlcatea that these
processes cannot be run directly Crom PROID.
However. there is an AMIGAS procedure.
EXEcute SPLAD (E SP), which runs SPLAD from
PROID.
FinaUy, an optional decoder decodH tbe
incomin11 data and store• it in one or the AMIGAS
databases.

AMIGAS
SFC DD

An AMIGAS databue !1 indicated by the solid
box.

Figure 4. Key to AMIGAS Data Ingest Subsystem
Diagram.

Figure 3. AMIGAS Data Ingest Subsystem.
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Finally, Selection Criteria can be specified for
limiting which data is to be used. The Data_Discriminator
filters the bulletins based on the "TIAAii CCCC" values
contained in the abbreviated heading portion of the message.
The Store_GRIB_Data and Store_GRID_Data processors
break out the appropriate product definition sections of their
bulletins and compare the values to selection criteria
provided in their Data Filter. Data is only stored in the
AMIGAS database if a match with the selection criteria is
found. If a bulletin is discarded because a selection criteria
was not matched, the selection criteria necessary to process
this bulletin is placed in the Data Filter's "Discarded Data
File". The entries in this file are in a format that allows
them to be easily added to the Data Filter's Selection Criteria
so that in the future these bulletins will be stored in the
appropriate AMIGAS database. Thus, the ingest subsystem
overcomes the problem of storing unnecessary data in the
databases.

to the WMO standards. Techniques were developed to
allow AMIGAS to solve these problems, rather than require
a site to develop software to change the input data to meet
the WMO standard. We found that by allowing the basic
format (ITA2 or IA5) and the Start-of-Message, End-ofMessage and Record Separator to be specified for the input
file, the Data_Discriminator could handle data from
different areas of the world with minimum changes required
to a site's existing data acquisition software. All of the
controlling parameters for data ingest are contained in one
file ( the Configuration File ) and managed by a single
program (AMICU). Based on the information contained in
this file, the ingest process chains the output from one
processor to the input of the next until the selected input
data is stored into the appropriate AMIGAS database. We
hope that some of these techniques may be of use to others
developing GTS ingest software.
5.

4.

REFERENCES
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In summary, it was found that the GTS
meteorological bulletins are not always formatted according
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An Analysin9,Forecasting And Data-processing Operational
System With Microcomputer(AFDOS)
Wang · Jizhi Tang Guisheng Yang Yuangqin
National Meteorological Center People's
Republic of China

from GTS· easy operation, high quality
of relia~ility and augmented functions.

1. Introduction

It
is the purpose of this article
to present the AFDOS system. especially
to
discuss
software
designing
of
simulating for forecaster's thinking, a
kind of artificial intelligence system,
functions and structure of WGQS system
and po~erful user interface.
AFDOS
system
has been
used
in
operation in National
Meteorological
Center in Beijing and several Local
stations for 3 years.The system has also
recommended to WMQ, as a ne~ technique
developing of wheather graphics display
on screen with micro-computers.

computer weather mapping and displaying is a new developed technique for
weather analysis and forecasting. As
we know, historically, synoptic meteorologist have used conventional weather
map analysis to specify the spatial and
temporal distribution of rainfall,temperature, wind velocity and geopotential
height.In the recent years, the information, which used for weather analysis
and decision,
is increasing rapidly.
For example. the information of TIROS-N
system from US is as much as 101 bit, the
s a t e l Li t e d a t a f or GOE S i s a b o u t 1 010 b i t ,
the
data
passing through
Beijing
Meteorological Center is about 101 bit in
which the Second-class information and
sat e LLi t e i ma g e s are not· i n c Lude d .
As we know that the global circulation
of the Earth's atmosphere encompasses
motions on a wide range of spatial and
temporals. conventional weather mapping
technique which based on paper in 2d imension. is very difficult to describe
such a complex atmospheric ·motion in
mult-dimensional and mult-scale.Some of
useful weather charts, such as crosssect ion,
assimiliting
analysis
for
conventional weather charts with satellite images. Looping displaying of timeseries weather maps.had been
suitable only for research purposes and
not for real-time operations of weather
services before.
In order to suit the needs of developing for weather forecasting technique,
An analysing,
Forecasting and Dataprocessing Operation System based on
micro-computers
has
been
made
in
National Meteorological Center,Beijing.
it
is a full automatic System by using
network technology of microcomputers.
The system is supported
by
Weather
Graphical Quality Software<WGQS) system.
which is de~igned by author. The system
has the function of Analysing, Forecasting and Data-processing, which is a new
operational system, that · is 'AFDOS' for
short.
The system ls also characterized by
mult-functlonal weather graphic display
with high resolution (1024x768),
fa~t-mouse
retrieval,
data-receiving

2. Simulation for forecaster's thinking
It
is very important to simulate ho~
the forecasters were thinking about when
a forecasting product ~as been made.
Fig.1 shows a simulating flow pattern of
forecaster's thinking for making a weather forecasting product. From Fig.1, we
can see that there are 3 steps usually
need to be done for making a forecasting
routine. The first and second steps are
for data receiving and data processing
respectively. Those two· routines are
usually available at some of the systems. but the routine for third step is
easier to be ignored when a new system
designs with single-minded
computeri
zation.
A forecaster's idea generator has been
designed in AFDOS.By designing a special
software. which is called 'ForecaSter's
Idea Generator (FIG)', a strong comparitive function in colourful weather
maps on screen has been made. Many of
weather operational practices indicate
that
in making a forecasting, the
forecasters always makes a Lot of compar is ion analysis between varied kinds
of charts and forecasting maps
in their
temporal and spatial parameters, so as
to find their differences and relations
and final right choice. By using FIG in
AFDOS system, for example. when the
forecasters call a programme to display
a ECMWF numerical weather product from
AFDQS, there automatically appears a
small window at the screen which can
82

Look at and remember what forecastes
have
done.
At
the
same
screen'
forecasters
can
display
different
temporal and spatial weather maps.
This can be done easily by a forecaster
just Like who check his weather maps
at a desk,
he can move and scaledisplay at his will by using a windowing
function.
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3. Assimilating and overlaying display
for the satellite image and the conventional synoptic isopleth.

..

The second development
in designing
the graphical system of WGQS is the
assimilating and overlaying display of
the conventional weather graphics and
satellite images. To display satellite
images by using microcomputer seems not
newly developed technique,
but WGQS
system adopted the most updated colourpr int i ng technique by selecting suitable
colour-card of microcomputers so that
the colours,Layers of cloud images for
the structures of stratus,cumulus, Lines
of cirrus are true to the original and
vivid (Fig.3).

· For•c••te,.•9 ld;a
· · ,.,,•,.•tor
(F'IGJ
· 1.co•P•rl•lon dtaDlay
2.ass lal lat Iv• anall't lnt
3.~~!.:!:f~:h•r lc r~coVery
4 . dectslon analy1ln9 tor"
the futur• veather
5. ••k lnt 1 oreca1 ~ I nt

Droducr1

. 6 . u1e,. lnt•rface

simultaneously display a weather map
using Japanese NWP data for the same
time and the same Level. Through which
the forecaster can also access the weather map by moving mouse at his will
(see Fig .2).

Fig.3 example for overlap display
satellite image & synoptic isopleth
By using assimilating and ovelaying
technique of WGQS, the mesa-scale
change of typhoon (or cyclone) intensity
could be give, which can not be able to
analyse if use the cloud photograph only
(wang.j .z,1990)
Integrating method can be used to
calculate the geopotential height at the
center of
the cyclone(cpc) (Anderson.R.K,1973)

·Fig.2 example for comparision
display in AFDOS system

th c
I

As a special artificial intelligence
subsystem, FIG will understand, following the forecaster thinking, which
weather maps need to be shown in screen
simultaneously and how often the following next picture usually is to be asked.
FIG will remember something that foreca
sters have done. so FIG is designed to
do as much as possible of forecaster's
thought.it can think what forecasters
think,
show what forecasters want to
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where vm, rm are maximum tangental wind
speed and the radias of maximum wind
speed. o{ is a paramter
with
value
normally between 0.5 and 1.0. rm
can be calculated by using AFDOS system
in real time(wang j.z.1990).
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some of characteristic cloud bands can
be simulated by FIG of AFDOS system.
Fig.4 shows the mesa-scale change of
surface pressure for typhoon No.8807
which bring a big damage to Hangzhou
city of China in August, 1988.
Fig.3 is an example for overlaying
display satellite image with conventional synoptic isopleth.
the WGQS system provides forecaters
with the new information for understanding what the weather situation and
their development Look Like.

Fig.Sa

Fig.4 mesa-scale change of typhoon
No.8807

system configureation
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4. functions and structure of AFDOS
The AFDOS System is developed for
weather forecast automation at
Local
weather
stations.
It
is
a
fully
automatical system,
engineered
to
colorful graphics of the high resolution
C640x400 or 1024x768J and display high
Quality
weather
.graphics
from the
weather ~etwork Library in real time.
The basical functions is as following
.200 weather graphics on-Line capacity
.1000-2000 stations covered in this
system can be selected for different
area needed .
. high resolution graphics with 640x400
or 1024M768
.high speed display and retrieved the
weather graphics with no more than 20
seconds for one of the most complex
weather pictures.
.save and recalls weather graphics
and data automaticlly.
.Looping and windowing display
.man-computer interaction
.overlap displaying
.simultan~ous multi-graphic display
The system is composed of three
microcomputer-based subsystems:
. data communication
. real-time data base
• weather graphic display
The development of AFDOS ensures more
timely, accurate and standard.
transmission of meteorological data and
their processing, and it provides a
convenient facility for meteorological
forecasts and scientific research.

Fig.Sb

system configureation

The figure (above) shows the basic
configuration of the system which is
extendible as required. The microcomputer
message
s~itching
subsystem
receives messages via a
multiplexer
(data/fax channel multiplexing) from
multiple circuitsCSQ,75,300,600,12oobpsJ
The meteorological messages in need will
be then transferred into the real-time
data base subsystem at 300bps for format
checking and archival. The subsystems
(e.g. real-time data base, exclusive
meteorological programme Library and
the graphic data base or others ) are
interconnected through a Local network
for data processing and graphic display.
The functions of each subsystem are
described in the following:
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prepared by NMC Beijing, ECMWF, NMC
Washington and JMA in real t ime.Also,all
the conventional meteorological data can
be graphical shown on the screen. The
stations to be covered in this system is
almost unlimited.the area(1000-2000 stations) to be covered can be changed for
different needs.
Functionally, the subsystem has such
features as follows:
. man-computer interactive weather
analysis techniques
integrated display technique for
satellite and conventional graphics
. sectorization and windowing
overlap display
. fast parameter retrieval
. graphic animation
. printing.

4.1 M1crocomputer-based Data
Communication Subsystem
The subsystem is for data acquisition,
switching and real-time processing. Its
hardware consists of a multiplexing
communication control device, a system
control swithch and 2 microcomputers
whereas its software comprises the
operat\ng system incorporated with the
microcomputer, an additional exclusive
operating system, user-support
programmes and a file system.
4.2 Microcomputer-based Real-time
Data Base Subsystem
After having been processed by the data
communication
subsytem
(including
format-checks, data-sorting,
code
conversion and
element
extraction,

4.3.1 The basic products accassible from
the graphic display subsystem

etc.),the meteorological messages will
be stored and managed in the real-time
data base which could provide convenient
means of
inquiry
through a
Local
network connecting to multiple users.
The local network is a kind of microcomputer network which is available in
our system.
The establishment of the data base is
mainly to provide a better source of
real-time data for the Local stations.
It will make all sorts of weather data
directly accessible for objective
analysis, physical value computation,
graphic output and diagnostic analysis
with microcomputers.Therefore,the data
base
creats
an
environment
for
operational forecasting and research.

The subsystem comprises about 150
modules which are dedicated to realtime analysis, processing and
multiproducts display. The products
that can be displayed are Listed
hereunder:
(a) ALL kind of weather charts received
by NMC Beijing
weather charts prepared by NMC
Be i j i ng
numerical
weather
prediction
products from ECMWF
numerical weather products from NMC
Washington
. numerical weather products from JMA.
Cb) Various NWP physical parameter
products
vorticity analysis and forecast
vapour fulx analysis and forecast
vapour f Lux divergency analysis and
forecast
field analysis (including geopotential unstable field analysis)
temperature v~tion chart
allohypsic chart
allovaric chart
panoramic velocity analysis
analysis of depression of the dew
point, etc .
(c) Weather chart for North of China

4.3 Microcomputer-based Weather
Graphic Display Subsystem
Computer weather mapping is a newly
developed technique for weather analysis
and forecasting. The real-time
operational graphic display is supported
by the Weather Graphical Quality
Software CWGQS)
The WGQS software system developed for
AFDOS system has the following
characteristics:
. real time
• reliabHHy
. compatibility
combination of weather forecast
techniques with computer graphic
technology
. adoption of advanced NWP techniques
graphic preparation and display on
screen
. easy operation.
The WGQS has a strong portability. To
retrieval a chart, for example, one of
the most complex charts, w\LL fake no
more than 20 seconds. It can be adapted
to a wide range of microcomputers
available on the national and
international markets (e.g Great wall
microcomputer
series,
286 and
386
systems,IBM series etc.). This subsystem
can produce and display the croducts

(d) Charts for tropical weather
sis
strem Line analyses (F1g.6)
(e)

( f)
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analy-

The charts for conventional weather
element analysis (Fig.7)
The charts of temporal and spatial
cross-section analysis ~nd
thermodynamic diagram.

forecasters. To simplify the operation,
a "dialogue"via a display is possible
between a forecaster and the
microcomputer
in order to reflect his
own thought. Although the "dialogue"
could be complex in
conten,
the
correspond\ng operation is very simple.
In
addition,
batch
processing,
muitiple data-transfer moses (e.g. from
and to memory and external memory), etc.
have been also developed for the subsystem. The graphic printing is another
function.
4.3.3. WGQS software architecture and
design
The WGQS software consists of 3 main
graphic-oriented program Libraries:
basic plotting element Library
(FORPLT LIB)
basic program Library for graphics
and scientific computation
(FORPGM LIB)
basic meteorological mapping Library
(FORMAP _LIB).
The module cross-calling among the
three Libraries is the mechanism of the
basic software system, which provides a
multiple frame overlapping capability.

Fig.6 example for stream Line analyses
by AFDOS

(a) FORPLT LIB
The
microcomputer-oriented plotting
element Library is designed to support
wide-range plotting capabilities,
simple and complex, including straightLine drawing. graphic plotting, spiralLine and 3-dimensional Line depiction,
etc.
(b) FORPGM LIB
It's necessary to have some programs
to implement some basic display functions
for
different
sorts
of graphics.
Therefore, a set of display-oriented
programs
have
been
written
for
meteorological graph\c
preparations.
Basically, there
are
4
software
categories in terms of display functions

Fig.7 example for objective analyses
by AFDOS

projection change of meteorological
graphics
windowing
rotation, horizontal translation and
proportional enlargement
multiple frame overlapping.
simultaneous multi-graphic display

4.3.2. The basic functions of the microcomputer-based
meteorological
graphic data base
The special emphasis has been placed
on the following aspects:
man-computer interaction
rapid graphic retrieval
sectorization and windowing
overlap display
Looping display
simultaneous multi-graphic display
Forecasters
are
free
in
putting
forward
any concept or requirements
which are submitted to the microcomputer
via man-computer interaction.
Its
software w\ll respond
\mmediately and
the interpreat\on will be fed back to

(c) FORMAP LIB
A set of maps
including
various
background maps wh\ch are
frequently
called and Least changed has
been
prepared beforehang and have them stored
in
the
FORMAP LIB. By
entering
appropriate parameters,
all such maps
are at the users'finger-tips. A user can
change a background or the colour of an
outline. or create new graphics' etc.
By calling any files of the above
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graphic programs. users are not only
able to utilize the graphics available
from the system but also to prepare new
graphics in an effort to establish a new
prediction tool.
5. summary
AFDOS
system is a platform
of
meteorological processing capabilities
which can access mutltiple data bases.
analyse the data. and make products in
response to forecaster requests and
ideas.
By using
user
interfaces
and
distributed processing, forecaster is
provided with the most
responsive
system possible.
AFDOS system is characterized by
(1)

multi-functional
retrieval
and
displaying of weather map for all
GTS data with very high resolution
screen.

(2)

effective simulation
ter's
thinking
prediction products.

(3)

very
convenient and
forecaster to operate.

(4)

effective man-computer interactive
functions.

(5)

reliability
function.

and

for f orecasin
making
easy for a

real-time
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1.

The staff in the Profiler Control Center
(PCC), located in Boulder, Colorado, remotely
monitor the operation of each profiler in the
network, respond to faults, and initiate repair
logistics. An interactive graphical display
system allows the PCC's technical staff to
monitor pertinent profiler information in order
to identify faults and assess operational status.
Operators also remotely change operational modes
and issue transmitter inhibit times for SARSAT
(Search and Rescue Satellite-Aided Tracking)
satellite passes. The role of the PCC in the
assessment of the Wind Profiler Demonstration
Network (WPDN) is discussed.

INTRODUCTION

A 30-site demonstration network of wind
profiling radars is currently being installed in
the central United States (figure 1). Each wind
profiler continuously and automatically measures
winds throughout the troposphere and lower
stratosphere (Chadwick and Hassel, 1987). Wind
profiles are disseminated to the National Weather
Service (NWS) and research organizations in realtime. All network data will be archived by the
National Climatic Data Center (NCDC) for
retrospective analysis.
The network will be used
to demonstrate and assess the utility of the wind
profiler technology in a quasi-operational
environment, and to help define operational
requirements for possible future national
networks.

The PCC, a component of NOAA's Profiler
Program Office (PPO), is responsible for, and
administers, all aspects of the demonstration
network operation.
This includes:
a) The normal housekeeping required to
operate and maintain the 30-station,
17-state network;
b) Making near real-time data available
via Gateway, UNIDATA (Sherretz and
Fulker, 1989), and to NCDC (McGuirk and
Crowe, 1991);
c) Assessing data quality of each new
site, and setting operating parameters,
and
d) The day-to-day monitoring and operation
of the network.
As faults are identified, they are
assigned to one of three groups in the PCC.
These three groups are: Network, Facilities, and
Quality Assurance.
The network group deals with
all reported hardware faults at the profiler
sites, orders replacement parts, and interacts
with the NWS el techs (electronics technicians)
who are responsible for site repairs.
They also
verify each new site's equipment for correct
operation and reliability.
The facilities group
is responsible for all network communications,
the PPO computers and displays.
The quality
assurance group monitors any decline in data

Figure 1. Location of Wind Profiler
Demonstration Network sites.

1Also affiliated with NOAA Enviromental Research

Laboratories, Forecast Systems Laboratory,
Profiler Program, Boulder, Colorado 80303
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quality, and is responsible for the quality
assurance of a site at acceptance and after any
repair is made.
2.

NETWORK MONITORING

Interactive graphic and text display
systems (figure 2) allow the PCC staff to examine
pertinent radar, engineering and communications
information in order to monitor operations and
identify faults.
A Duty Officer is responsible
for overall network monitoring.
2.1

G) - NBS

Pr- i nter-

G) G) -

Log PC

SARSAT PC
Fau It

MDS Displays

All network information is displayed on
Monitoring Display Stations (MDS) consisting of a
DEC VAXstation, workstation software, and
printers.
It is important to note that the
primary objective of this workstation is to
supply the Duty Officer with enough information
and interactive operability to properly evaluate
and control network operations and to deal with
any faults that may occur.
Three activities are currently supported
by the MDS:

@-

Monitor
Display
Station

G) -

a) Network operations such as adding or
subtracting profilers from the network;

VT-200
Hub Termi na I

@ -

b) Configuration control such as changing
operational parameters associated with
each profiler; and
c) Display operations such as generating
graphical or text output.

Answer i ng
Machine

8 - Documentation

Figure 3 shows the display options' main
menu.
The left panel (labeled 'DISPLAY ITEMS')
contains options for displaying meteorological
information (e.g., Wind Speed and Direction),
engineering information (e.g., Power Levels),
communications information (e.g., GOES Comms
Summary), fault logging (e.g., Significant Events
Chronology), and summary information (e.g.,
Maximum Height). The 'DISPLAY UNITS' panel lists
the profilers currently in the network. The
bottom panel lists options pertinent to the other
selection criteria. Note that the 'TIME RANGE'
option allows a user to select either the most
current data or retrospective data also stored in
the database.
2.2

clock

0 - Laser

Figure 2. Plan view of Profiler Control Center
identifying all key interactive displays and
equipment.

Forecasting Services (PROFS).
Data delivery is validated by routinely
observing products created on the Forecast System
Laboratory's (FSL) AFOS system. Individuals at
NWS field offices also communicate with PCC staff
when problems arise.
Along with these links to the NWS, the Hub
also has communications links to other
organizations including the National Data Buoy
Center, UNIDATA, and NCDC. The latter two links
use the INTERNET communications network.

Communications

High-resolution profiler data are
transmitted over a communications satellite link
from each profiler to the Hub once every 6
minutes. The communications contractor
responsible for this two-way profiler-to-Hub
communication link, monitors the links and
reports any failures automatically to the
profiler operations center, where the Duty
Officer can take appropriate action. As backup
to the primary communications link, hourly
averaged data are also transmitted from each
profiler site through the Geostationary
Operational Environmental Satellite (GOES) to the
Hub.
Delivery of data from the Boulder Hub to
the NWS's Gateway is accomplished with a primary
and back-up communications link. The primary
link is via NOAA's Space Environment Laboratory
in Boulder. The secondary link is routed through
ERL's Program for Regional Observing and

2.3

Fault Logging

A relational data base that operates on
the PCC personal computer network, is used for
logging and tracking problems system-wide.
Information from this data base also helps
evaluate overall network and subsystem
performance.
Whenever a fault occurs at a profiler
site, an "event" is logged. The appropriate
group is notified of the event, and troubleshooting or repair activities commence. An event
remains in an outstanding significant events file
in the data base until the problem is solved.
Explanations of each problem and the remedies are
included with the event documentation.
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2.4

SARSAT

information is compared to expected performance
levels, the quality of the deployed profilers can
be monitored. Quality control monitoring is also
useful in detecting less obvious problems. For
example, the maximum height reached by each
profiler is displayed. This level must routinely
meet or exceed 14 km for normal operation.
If a
profiler consistently fails to meet this
criterion, a problem could exist with the
transmitted power level or there may be local
radio interference.

The wind profilers in the NOAA
demonstration network transmit near the same
frequency as emergency beacons from downed
aircraft and ships in distress. These
transmissions are picked up by satellite based
receivers deployed as part of the SARSAT program.
To avoid possible interference with the SARSAT
system, profiler transmitters are turned off when
the satellites pass overhead.
Transmitter turn-off schedules based on
predicted satellite orbital paths must be created
and transmitted to each site by the PCC staff.
The profilers automatically shut down if a
current SARSAT turn-off schedule is not received.

2.5

3.

Following the identification and logging
of each fault by the Duty Officer, the faults are
reviewed by the appropriate PCC group for further
action.
In most cases, faults can be categorized
as communications related or profiler related.
This determination is made by reviewing the 6and 60-minute status information available on the
MOS and reviewing the communication fault log at
the time of the failure.

Quality Control

The MOS automatically compiles information
on individual profiler performance. When this

DI SPLAY ITEMS
W1nd Speed and D1rect1on
Signal Power (Oth moment)
Radial Velocity C1st moment)
Velocity Variance C2nd moment)
Diagnostic Spectrl.111
All Data
Receiver Noise level
Minina.m Spectral Value
Maxina.m Spectral Value
Power Levels
VSWR
System Noise
AC Line Voltage
Inside/Outside T~rature
Landline Conms Sl.ITITlary
Landline Conms Time Series
GOES Comns Sl.ITITl8ry
GOES Comns Time Series
LRU Status
All Status
Maxina.m Height
Data Availability Indicators
Quality Control Sl.ITITlary
Turbulence CCn**2)
Data Surmary - Hourly Status
Data Surmary - Hourly Avail
Dropout Duration SllTITl8ry
Surf ace Met Data & Status
Clutter Flags
Significant Events Chronology
Outstanding Significant Events
Profiler Configuration Table
Surface Met Params Table
SARSAT Turnoff Schedule
Up/Down SU11T1ary
-> remove popups(s) <-

All Data

DISPLAY ITEM

BEAM

east
north
vertical

both
high
low

DISPLAY UNITS
NEHIORK

1. PLTC2:PLATTEVILLE

+S-A1

2. SBYM3:MAYNARD

+C-A

3. WSMN5:WHITE SANDS

+C-A1

4. PRC02:PURCELL

+CA

5. BMFC3: BLOOMFIELD CT

+C-A

6. VCI02:VICI

+CA

7. LMN02:LAMONT

+CA

TIME RES

TIME RANGE
04:24 25-SEP-1990
16:18 25-SEP-1990
latest hour
latest 12 hours
yesterday AM
yesterday PM
yesterday all day
last 7 days
forward/last week
reverse/last month

6 mlnute

DISPLAY UNIT
2. SBYM3:MAYNARD

+C-A
MOOE

FAULT DIAGNOSIS AND REPAIR

60 minute
daily
weekly
monthly
CTRL RMVL
yes
no

DISPLAY TYPE
graPh1cs
text
print
file
RNGE FACTOR
1

1/2
1/4

Figure 3. Example of display options' main menu available on the Monitoring
Display Station.
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good only
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* shear chk
RNGE FACTOR
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3.1

Communications

generated by the Hub:

Two communication services deliver data
from each profiler site to the Hub: one (a
commercial carrier) for 6-minute data and the
other (GOES) for hourly averages. The Hub
monitoring equipment detects communications
problems, but it has limited information
regarding the origin of the problem. These are
monitored by the contractor supplied NMDC
(Network Monitoring and Diagnostics Console)
which provides current status information about
each data path, e.g., carrier detect, bytes
received/transmitted, inactivity (no data), and
any dial-around conditions.
To back up the contractor-supplied
communications, hourly averaged data from each
site are transmitted through the GOES Data
Collection System. The Significant Events
Display (SEO) alerts the Duty Officer of any
missing GOES transmissions from any site.
Similar automatic monitoring is performed
on the two output communication links to the NWS
Telecommunications Gateway (NWSTG). The primary
link is continually exercised and monitored. Any
faults are displayed on the Hub Activities
Console (HAC).
Personnel at the NWSTG also
monitor the hourly data flow from the Hub and
contact the PCC if data are not received.
3.2

5.

NWS Assessment Support

The NWS and ERL will assess the operation
of the network (Smith, 1986). This assessment
has two goals:

*

*

Use the information from the wind
profilers in an operational environment
to better understand the ways the data
can be used to improve operational
forecasts and services.
Assess the system characteristics of
the wind profilers, both individually
and in networks, to determine those
characteristics required for future
national networks.

Landline Communications Summary
GOES Communications Summary
LRU Failure Summary
Dropout Duration Summary
Quality Control Summary
Data Summary - Hourly Availability
Significant Events Chronology
UP/DOWN Summary

SUMMARY

NOAA is installing a 30-site demonstration
network of wind profiling radars in the central
United States. The Profiler Control Center
monitors all aspects of network operations
including communications, maintenance, SARSAT
scheduling, and data quality. An interactive
graphical and text display system (Monitoring
Display Station) allows the PCC staff to examine
pertinent radar, engineering, and communications
information in order to monitor operations,
identify faults, and activate repair logistics.
As hardware faults are identified, they are
entered into a fault logging and tracking system.
Monthly assessment reports are produced by the
PCC to aid the NWS in defining operational
requirements for possible future national
networks. The remote monitoring and diagnostic
capabilities of the WPDN are new to NOAA.
If the
profilers prove to be effective during this
demonstration program, they promise to have a
major impact on future operational observing
networks.

Profiler

Each profiler has a built-in status
monitor that continually monitors the health of
all major profiler components. This status
information is reported on each of the two
communication links. All profiler-reported
faults are automatically displayed on the SEO,
where they are identified and logged.
Faults are repaired by sending the
replacement parts to the NWS el tech responsible
for that site. After the el tech replaces the
equipment, the PCC staff verifies that the fault
has cleared. The MDS can emulate the Portable
Maintenance Terminal used by NWS el techs in the
field to interact with the profiler. This
capability allows the PCC staff to interact with
a site when verifying repairs and changing
operating parameters.
4.

*
*
*
*
*
*
*
*
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The PCC is responsible for collecting the
information needed for the assessment. This
includes monitoring system reliability,
maintainability, communications, height coverage,
and quality control aspects of the wind data.
The following monthly assessment reports are
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SYSTEM AVAILABILITY AND PERFORMABILITY
FOR LARGE-SCALE METEOROLOGICAL SYSTEMS

Stephen M. Holt
The MITRE Corporation
McLean, Virginia

1.

IN1RODUCTION
"dependability" was proposed to convey the second
meaning, resulting in the name "dependable computing."
This deals with impairments to "dependability" (defects,
faults, errors, malfunctions, degradations, failures, and
crashes), means for coping with them (fault avoidance, fault
tolerance, design validation, and failure confinement), and
measures of success in designing dependable computer
systems (reliability, availability, performability, and safety).
It is clear that with the emphasis on powerful computers
for the future, computer system dependability should
become an integral part of the design process for future
generation systems [l].

The development of meteorological systems such as the Next
Generation Weather Radar (NEXRAD), Advanced Weather
Interactive Processing System (AWIPS), Automated Surface
Observing System (ASOS), Central Weather Processor (CWP),
and Wind Profiler has resulted in increased complexity.
Such systems contain data acquisition, processing, display,
and communications functions, which utilize complex and
powerful computers. As these computer systems are used
for more demanding and critical applications, different
measures are needed to describe how efficiently these
systems are performing their tasks. Two measures which
continue to be the subject of extensive research and form the
basis of this paper are system availability and performability.
System availability is a measure already extensively utilized
by the National Weather Service (NWS); however,
performability is a relatively recent area which hopefully will
be considered more in the future.
The latter area is
especially useful in evaluating complex systems which
continue to operate although in a degraded mode. Both
could play critical roles in the technical evaluation of the
systems to be utilized in the Modernization and Associated
Restructuring Demonstration (MARO) managed by the NWS.

3. DEFINITION OF AVAILABILI1Y AND ITS USE IN
LARGE-SCALE REPAIRABLE SYSTEMS
The main purpose of this paper is to address both system
availability and performability as measures of success in the
field of dependable computing. Most of the modeling work
in fault-tolerant computing has focused on models for very
high reliability non-repairable systems with long mission
times such as aviation, space, and ballistic missile defense
computers. The modeling of repairable systems with high
availability requirements, such as telephone switching
systems, general purpose data processing computers,
database computers and communications network computers,
has received relatively little attention. In the former class of
systems, no downtime can be tolerated during the mission
time. Therefore, redundancy is used to replace failed
components almost instantaneously for a fixed level of
service. Systems in the second class are usually operated
continuously and short downtimes during their operation
can be tolerated. Large-scale systems such as NEXRAD,
AWIPS, ASOS, CWP, and the Wind Profiler are examples
which fall into this class. Redundancy can be used to
improve the performance under normal operation and to
reduce the downtime in the case of a failure. In some cases,
hot standby systems are used to reduce the downtimes. In
this class of systems, both preventive and corrective
maintenance can be performed to obtain the desired level of
service. System availability is one appropriate measure for
evaluating the effectiveness of this class of systems [2].

This paper does not attempt to criticize any of the methods
currently being used to analyze such systems or even to
state what evaluation measures should be utilized. The
attempt is rather to present what research measures are
currently under evaluation. An analyst will then be able to
choose which measure is best for the particular system
architecture under consideration.
Although there exists a very extensive amount of technical
documentation in the areas of reliability, maintainability,
computer performance evaluation, and fault-tolerant
computing, only reference articles directly related to system
availability or performability for repairable systems have
been addressed in this paper.
2.

REVIEW
OF
CONCEPTS

DEPENDABLE

COMPUTING

Before the topics of system availability and performability
are addressed, it is important to discuss the field of
"dependability" of which they are a subset. The field of
dependable computing is an outgrowth of fault-tolerant
computing, a term which was introduced in the mid-1960s,
following more than a decade of concern with reliability
issues. Following the initial emphasis on fault tolerance
through fault masking and self-repair, it was realized that
tolerance of faults is but one way of achieving high
reliability. This broadening of scope was reflected in the
term "reliable computing," a variant of which had been
used as far back as 1963 for complementing reliable
communication.

System availability utilizes the areas of both system
reliability and system maintainability. System reliability
defines the probability that a given system operates
satisfactorily and without failure over a given time period
when used under specified environmental conditions.
System maintainability defines the probability that a given
system will conform (be restored) to specified conditions
over a given period of time when maintenance action is
performed in accordance with prescribed procedures and
resources.
Five important measures used in system
availability calculations are mean-time-between-failure
(MTBF), mean-time-to-repair (MTTR), mean-time-betweenmaintenance actions (MTBMA), mean-active-maintenance
downtime (M), and failure rate. MTBF is the mean of all
time periods between failures when a system or equipment

To avoid confusion between reliability as a precisely
defined statistical measure and reliability as a qualitative
attribute of systems and computations, the use of
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necessary because Markov modeling is the basis of almost
all quantitative analysis currently underway in these fields.

enters an inoperative state. MTfR is the mean ot au ume
periods taken to restore the failed system to an operative
state. MTBMA is the mean time between any actions
resulting from failure or preventive maintenance, including
induced maintenance. M is the total time resulting from
both corrective and preventive maintenance actions averaged
over all maintenance actions. Failure rate is the rate at
which failures occur in a specified time interval. Failure rate
is also the inverse of the MTBF. All of these measures are
utilized in the NEXRAD system [3].
4.

5.

MARKOV MODELING TECHNIQUES APPLIED TO
AVAILABILITY

Much information exists on system reliability and availability
evaluation using analytical techniques involving probability
distributions. Although these techniques can be applied to
both repairable and non-repairable systems, in the former
case they assume that the repair process is of a short
duration compared with the operating time. Additional
techniques which can be employed involve the use of the
Markov approach or Markov modeling [12).

DIFFERENT 1YPES OF AVAILABILITY MEASURES

The advent of real-time systems brought with it a concern
for the continuity of computer service (i.e., high availability
systems); thus, minimizing the system downtime became a
prime concern. Pointwise (or instantaneous) availability is
the probability that a system is operational at a particular
time, regardless of how often it has failed during the period
of time. It is the same as reliability when there is no repair.
Interval availability (or simply operational availability), the
fraction of time in a particular interval that the system is
operational, was the natural dependability measure in this
respect. Steady-state availability is the probability that the
system will be operational at any random point of time. It
is also the ratio of MTBF to the sum of MTBF and MITR,
and it is independent of the distributions of the failure times
and the repair times. MTBF is the mean of the failure time
distribution and the MTIR is the mean of the repair time
distribution [4].

The Markov approach can be applied to the random
behavior of a system that varies (either discretely or
continuously) with respect to time.
This discrete or
continuous random variation is known as a stochastic
process. In order for the Markov approach to be applicable,
the future states of the system are independent of all past
states except the preceding one. Thus all future behavior of
a system depends on where it is at present, not on where it
has been in the past or how it arrived at its present
position. The failure of one component is considered to be
independent of other failures in the system. In addition, the
process must be stationary, sometimes called ''homogeneous,"
for the approach to be applicable. This means that the
probability of making a transition from one given state to
another is the same (stationary) at all times in the past and
future (i.e., independent of time).

Inherent availability, which is used for the NEXRAD system,
is the probability that the equipment associated with a
specific unit, when used under stated conditions without
consideration for any preventive maintenance and in an ideal
support environment, shall operate satisfactorily at any given
time. This calculation excludes preventive maintenance
downtime, supply downtime, and waiting or administrative
downtime.
The steady-state availability, under these
conditions is the inherent availability. Achieved availability,
also used for the NEXRAD system, is the same as inherent
availability except that preveritive maintenance downtimes
are included [5]. A number of commercial and military
documentation standards exist which can be used for the
testing of these systems to verify all availability values [6].
Ascher and Feingold [7] extensively describe the advantages
and shortcomings of using these documentation standards
for testing purposes.

It is apparent from these conditions that the Markov

approach is applicable to those systems whose behavior can
be described by a probability distribution that is
characterized by a constant failure rate. If this probability
is a function of time or the number of discrete steps, then
the process is non-stationary and designated as nonMarkovian. The discrete case of this approach is called a
Markov chain, whereas the continuous case is called a
Markov process (13). Again, in the discrete Markov chain
the system is stationary and the movement between states
occurs in discrete steps or time intervals, whereas in the
case of the continuous Markov process the system is
operating in one state continuously until a transition occurs
which takes it discretely to another state in which it exists
until another transition occurs.
Most availability and
reliability problems are of this type and are governed by
sets of differential equations which can make them difficult
to apply to complex systems [14). Molloy [15) has published
an excellent text which further explains the theory and
application of Markov chains and processes.

It can be seen that availability is a function of not only how
frequently a system fails but also of how soon it can be
repaired upon failure. Availability objectives during the
operational test and evaluation (OT&E) of the NEXRAD
system by the U.S. Air Force Test and Evaluation Center
(AFOTEC), were 90% for the full system operational
availability and 96% for the system in a degraded mode [8].
The range of availability values for different functional
groups of equipment in the NEXRAD system ranges from
98.60% to over 99.98%, deJJt:nding on the extent of
processing resources utilized[9).
The AWIPS program
specifies a range of availabilities as follows: (a} 99.9% for
support of critical operations at weather forecast offices
(WFOs), (b) 99.5% to 99.7% for support of all warning and
forecast real-time operations at all field offices and at
National Centers (NCs), and (c) 98.6% for support of all
real-time and non-real-time AWIPS functions (10).

6.

SUMMARY OF CURRENT RESEARCH EFFORTS IN
AVAILABILITY

A number of very innovative research efforts are underway
in the field of availability. Goyal [16] has developed a
modeling language to greatly improve simulation techniques
for constructing and solving large continuous time Markov
process models of system availability. He calls this program
the System Availability Estimator (SAVE) and is mainly used
for fault-tolerant computer systems. Agrafiotis (17] addresses
the availability of repairable systems which are subject to
catastrophic failures while they are in operation or under
repair.
He further investigated time-dependent point
availability measures in terms of the repair and failure time
of a system which were obtained in terms of the repair and
failure time distributions and in the form of convolution
integrals, which are readily evaluated by means of known
computational algorithms. Dyer [18] has investigated the
interrelationship of system reliability, availability and
repairability and how they can be modeled by a continuous,
time-homogeneous
Markov
process
whenever
the
components of the system have constant failure rates and
repair times. Some attempts have been made to include
non-exponential failure rates and repair times in availability
models.
These approaches include using phase-type
distributions, using Markov renewal processes and Monte
Carlo simulations. Very high availability .systems using

An important area for availability measures to be examined
by the NWS will be in those field sites that are involved in
the MARD, which will undergo a systematic introduction of
new systems. After a period of OT&E that will permit the
testing and evaluation of these systems, a "stabilization"
period of six months is planned. It will occur when all
these systems meet their availability goals and the staff is on
site and trained to operate the equipment and perform office
functions. While the OT&E will focus on individual site
operations, the stabilization interval is a period of
coordinated operations around all MARD offices (11].

Before further addressing more complicated issues on
availability and performability, a discussion of Markov
modeling and its relation to those fields follows. This is
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computer systems and analyzed availability as a
homogeneous Markov process by use of a "randomization"
process used to calculate various measures over a finite
observation period.
The method is then extended to
calculate "performability distributions." Transient measures
were used in their models because, for reliable systems,
failures and repairs are considered so infrequent that the
system may not reach steady-state over the observation
period.

variance reduction techniques have also been investigated
(19).

7. DIFFERENT TYPES OF PERFORMABILilY MEASURES
The reliability and availability requirements of modem
computer systems continue to become more important,
especially for fault-tolerant systems.
In such systems,
redundant hardware and software are added to the system,
so that the entire system remains functioning despite the
occurrence of failures. Fault-tolerant systems may be either
non-degradable or degradable. In case a component fails,
non-degradable systems are able to recover by bringing up
a standby component and continue operations with the same
computing power; i.e. system performance is not degraded
by a single failure. Degradable systems, on the other hand,
operate with reduced capacity as a consequence of
component failures. A "gracefully" degradable multiple
processor system provides a high quality of service by
reconfiguring the system or network or by reallocating tasks
to ensure that critical functions are performed when a fault
is detected. The widespread use of degradable systems and
multiprocessors which do not obey all-or-none modes of
operation implicit in conventional reliability or availability
evaluation methods has generated the use of "performability"
as a relevant measure. This term is a combination of the
terms "performance" and "reliability" or "availability."
Previously, these areas were studied independently [20].

Martin and DeMillo [33] address performability and related
"operational survivability" measures associated with
gracefully degraded distributed processing systems. Hsueh,
Iyer and Trivedi [34] describe a measurement-based
performability model based on error and raw resource usage
data collected on a multiprocessor system.
Model
development from the collection of raw data to the
estimation of an expected reward was addressed. Smith,
Ramesh and Travedi [35] consider performability models
based on Markov Reward Models (MRMs) to obtain a
variety of measures for several models of a multiprocessor
system to illustrate the effect of different fault-tolerant
mechanisms on the ability of the system to complete useful
work in a finite time interval. Ammar and Islam [36]
address the performability analysis of hypercube
architectures while under a workload consisting of a specific
application program. A generalized stochastic petri net
(GSPN) is used to model the component. failures and repairs
in the hypercube. A petri net is an abstract model of
information flow in a computer, communication, or data
processing system showing the static and dynamic properties
of the system. This model further automatically generates
the underlying Markov process needed for performability
analysis. G. Ciardo, R. Marie, B. Sericola and K. Trivedi [37]
present a new algorithm for the computation of the
distribution of accumulated rewards in a semi-Markov
reward process. Three examples are presented and consist
of: (a) a repairable system with a limited number of repairs,
(b) a M/M/2 queueing system subject to failure and repair,
and (c) a measurement based performability model of a
large IBM system.

8. SUMMARY OF CURRENT RESEARCH EFFORTS IN
PERFORMABILITY
The field of rerformabilitv results from the desire for a
single numeric measure similar to reliability and availability.
Beaudry [21) formulated a Markov chain model of a
degradable computer system and associated a computation
capacity (later known as a performance level, reward, or
capability) with each state of the system. Huslende [22)
defined a combined performance and reliability measure as
the probability that the system performance remains above
a certain performance level during a specified observation
period, given an initial full performance level.
For
dependable systems,. this measure became the probability
that, at the end of the observation period, the system
performance is above the specified performance level. He
finally defines a performance measure for repairable systems.
Wu [23) introduced a model which demonstrates the
differences between a basic system model, which is
described by a stationary Markov process, the capability
function, which maps system states to user-oriented
performance levels. Wu obtains "transient probabilities" that
the performance variable is at some performance level.
. Meyer [24] introduced a performability measure defined by
the probability distribution function of the cumulative
performance (reward) over a specified period of time. He
also has introduced the term "mean computation time before
failure (MCBF)," although this term has not become as
popular as the MTBF and MTI'R terms which have been in
existence much longer. Furchtgott [25) and Furchtgott and
Meyer [26] defined a "reward structure" which corresponded
to performance (accomplishment) levels when applied to
degradable systems that are heterogeneous; that is, they
contain multiple types of components. Kulkarni et al [27)
propose measures for a repairable fault-tolerant system
whereby an algorithm utilizing numerical inversions of
Laplace transform equations are used to obtain a
performability measure. Cherkesov [28) and Donnatiello and
Iyer [29) analyze homogeneous systems by taking the twodimensional (time and reward) Laplace transform of
performability and evaluating the moments of the
accumulated reward. An excellent summary of the work
of the above authors is provided by Goyal and Tantawi [30).

And finally, Schoen [38) has described a method based on
queueing networks for obtaining performability models
which consider the interdependencies that exist between the
flow of jobs and the reliability /availability of computing
systems.
9. SUMMARY
A brief description of both the theory and the most recent
modeling techniques applied to describing system availability
and performability has been given. Although availability
metrics are presently utilized, greater consideration needs to
be given to the newer models currently under development
in the future. Performability is also an area which will
hopefully receive greater consideration in the future. This
area will help explain the complex interaction between
availability and computer performance evaluation, especially
for systems which are still functioning but in a degraded
state. Both disciplines could play a critical role in the
technical evaluation of the systems to be utilized during the
MARO.
10. REFERENCES

Das, Bhuyan and Sarma [31] model perfonnability measures
based on considering both on-line and off-line maintenance
policies on the dependability and performance of
multiprocessor systems.
This is based on graceful
degradation
accomplished
through
the
automatic
reconfiguration and recovery capabilities provided by a
maintenance processor. The maintenance processor isolates
faulty modules and reconfigures the system to a degraded
mode.
Silva and Gail [32] have modeled repairable

[1]

B. Parhami, From Defects to Failures: A View of
Dependable Computing, Computer Architecture
News, Vol. 16, No. 4, p. 157, September 1988.

[2]

A. Goyal and S. Lavenberg, Probabilistic Modeling
of Computer System Availability, Annals of
Operations Research, Vol. 8,
pp. 285-306, 1987.

[3]

J. Arsenault and J. Roberts, Reliability and
Maintainability of Electronic Systems. Computer
Science Press, pp. 103-107, 1980.

[4]

94

Parhami, op. dt., p. 163.

[5]

NEXRAD Technical Requirements,
Appendix B, 1 January 1986.

[6]

J. Arsenault and J. Roberts, op. dt., pp. 336-361 and
537-554.

[7]

[26] D. Furchtgott and J. Meyer, Perforrnability Evaluation
of Computing Systems Using Reward Models, Res. Rep.
CRL-TR-27-83, University of Michigan, August 1983.

R400-SP301,

[27] V. Kulkarni, N. Nicola, R. Smith and S. Trivedi,
Numerical Evaluation of Performability and Job
Completion Time in Repairable Fault-tolerant Systems,
Proc. FTCS-16, July 1986.

H. Ascher and H. Feingold, Repairable Systems
Reliability; Modeling, Inference, Misconceptions and
Their Causes, Marcel Decker, Inc.,
pp. 178-183, 1984.

[8]

NEXRAD Initial Ooerational Test and Evaluation,
Phase II (IOT&E(251Pian (U), Section A.14, Objective
5-14, November 1988.

[9]

NEXRAD Technical Requirements, op. cit.,
Section 3.2.5.

[28] G. Cherkesov, Semi-Markovian Models of Reliability of
Multichannel Systems with Unreplenishable Reserve of
Time, Eng. Cybem., Vol. 18, March 1981.
[29] L. Donatiello and B. Iyer, Analysis of Composite
Performance Reliability Measures for Fault Tolerant
Systems, IBM Res. Rep. RC10325, January 1984.
[30] Goyal and Tantawi, op. dt., pp. 738-739.

[10]

AWIP5-90 Integrated User Language Functional and
Performance Requirements, Document No. AWIPs1226200, Sections 8.3.1.1-8.3.1.3,
April 1987.
.

[31]

C. Das, L. Bhuyan and V. Sarma, Effect of
Maintenance on the Dependability and Performance
of Multiprocessor Systems, IEEE Transactions on
Reliability, Vol. R-36, No. 2, pp. 208-215, June 1987.

[11]

Critical Path, NWS TP0-89-01, December 1989 and
National Implementation Plan For the Modernization
and Associated Restructuring of the NWS,
Department of Commerce, Appendix A, March 1990.

[32]

E. Silva and H. Gail, Calculating Availability and
Performability Measures of Repairable Computer
Systems Using Randomization, Journal of the
Association of Computing Machinery, Vol. 36,
No. 1, pp. 171-193, January 1989.

[12]

R. Billinton and R. Allan, Reliability Evaluation of

[33]

E. Martin and R. DeMillo, Ooerational Survivability
in Gracefully Degrading Distributed Processing
Systems, IEEE Transactions on Software Engineering,
Vol. SE-12, No. 6, pp. 693-704, June 1986.

[34]

M. Hsueh, R. Iyer and K. Trivedi, Performability
Modeling Based on Real Data: A Case Study, IEEE
Transactions on Computers, Vol. 37, No. 4,
pp. 478-484, April 1988.

Engineering Systems, Plenum Press, p. 206, 1983.
[13]

Billinton and Allan, Ibid, p. 207.

[14]

Billinton and Allan, Ibid, p. 250.

[15]

M. Molloy, Fundamentals of Performance Modeling,
MacMillan Publishing Company, pp. 117-155, 1989.

[16]

A. Goyal, Estimating System Availability and
Reliability, Proceedings of the 1989 Winter Simulation
Conference, pp. 257-265.

[35]

[17] G. Agrafiotis, A Time-Dependent Availability Measure
for a Repairable System Subject to Catastropic Failures,
IEEE Transactions on Reliability, Vol. 39, No. 1,
pp. 23-25, April 1990.

P. Smith, A. Ramesh and K. Trivedi, Perforrnability
Analysis: Measures, an Algorithm, and a Case Study,
IEEE Transactions on Computers, Vol. 37, No. 4, pp.
406-417, April 1988.

[36]

H. Ammar and S. Islam, Perforrnability of the
Hypercube, IEEE Transactions on Reliability,
Vol. 38, No. 5, pp. 518-526, December 1989.

[18] D. Dyer, Unification of Reliability/Availability Models
for Markov Systems, IEEE Transactions on Reliability,
Vol. 38, No. 2, pp. 246-252,
June 1989.

[37]

G. Ciardo, R. Marie, B. Sericola, and K. Trivedi;
Performability Analysis Using Semi-Markov Reward
Processes, IEEE Transactions on Computers, Vol. 39,
No. 10, pp. 1251-1264, October 1990.

[19] Goyal, Lavenberg, and Trivedi, op. cit., p. 289.

[38]

O.Schoen,
On
a
Class
of
Integrated.
Performance/Reliability Models based on a Queueing
Network, Proceedings of the International Symposium
on Fault-Tolerant Computing Systems, pp. 90-95,
1986.

[20] A. Goyal and A. Tantawi, Evaluation of Perforrnability
for Degradable Computer Systems, IEEE Transactions
on Computers, Vol. C-36, No. 6, pp. 738-744,
June 1987.
[21] M. Beaudry, Performance Related Reliability Measures
for Computing Systems, IEEE Transactions on
Computers, Vol. C-27, pp. 540-547, June 1978.
[22] R. Huslende, A Combined Evaluation of Performance
and Reliability for Degradable Systems, Performance
Evaluation Review, Vol. 10, pp. 157-164, 1981.
(23] L. Wu, Ooerational Models for the Evaluation of
Degradable Computing Systems, Performance Evaluation
Review, Vol. 11, pp. 179-185, 1982.
[24] J. Meyer, On Evaluating the Performability of
Degradable Comeuting Systems, IEEE Transactions
Computers, Vol. -29, pp. 720-731, August 1980.
[25] D. Furchtgott, Performability Models and Solutions,
PhD. dissertation, University of Michigan,
January 1984.

95

2.1

INTEGRATED DATA MANAGEMENT:
A NEW APPROACH TO THE DISSEMINATION OF OCEAN DATA
William G. Schramm
NOAA/Center for Ocean Analysis and Prediction
Monterey, California

distributed system.
Implementing this
solution, even at a single site, has not
been possible for NOAA in the past
because of the number of different
off ices in the five different NOAA line
organizations that are involved with
oceanographic data and products. It was
everyone's problem but no one's problem
in the sense that no single off ice had
the responsibility to come up with a
solution. In the fall of 1988, however,
NOAA created the Center
for Ocean
Analysis and Prediction (COAP) as a
unique "NOAA" facility. COAP is staffed
with personnel from all five of the line
organizations and has the specific goal
of
promoting
inter-organizational
cooperation.
The creation of COAP,
therefore,
provided
NOAA
with
an
opportunity to address the problems in
ocean data management that result from
the organizational structure of NOAA
itself.

The National Oceanic and Atmospheric
Administration (NOAA) collects, manages,
analyzes and disseminates a wide variety
of oceanographic data and products. The
users of the data and products are
federal, state and local governmental
agencies, the research and education
communities and the private sector.
Historically there have been three
factors
that have restricted NOAA's
ability to meet these responsibilities in
a way that would satisfy all of NOAA' s
customers.
The
first
problem
is
structural in the sense that there are a
large number of different offices within
the NOAA organization that each have
responsibility for a particular data
type. For a user that requires only one
type of data this is not a problem. Once
that user has found out where the data is
and who to contact it becomes a simple
matter to request the data. For a user,
however, who needs multiple data types it
can be a time consuming exercise in
frustration trying to find out where
different data sets reside and who to
contact at each site.
A second problem
with the present system is that each
off ice
within
NOAA
manages
and
disseminates data in different formats.
Again, for the user of multiple data
types this is a real problem that
requires reformatting the different data
sets so they can be integrated together.
The third problem is that there are
windows of non-availability when data is
in the process of being moved to one of
the national archive centers.
For an
oceanographic report from a ship, for
example, this window of non-availability
might be 90 days.

One of the first projects assigned
to COAP was, in fact, the implementation
of an integrated data management system
that will provide users with quicker and
easier access to ocean data and products.
The objectives of the integrated data
management project at COAP are:
1. To meet the requirements of the
NOAA Coastal Ocean Program with regard to
data
base
management
and
data
dissemination.
It is the NCOP that is
funding this work at COAP.
2.
To make available to the
oceanographic user community, from a
single source, as much oceanographic data
and as many oceanographic products as
possible.
The system should be able to
manage the three primary generic types of
environmental data which are; images such
as satellite images, gridded data from
numerical models, and observational data
with
latitude,
longitude
and
time
attributes.
3. To provide user access, through a
number of communications options, to the
data and products and to provide those
data and products in a number of standard
formats.
The system should be very
flexible and able to manage any data set
that falls within the three generic data

The solution to the problems noted
above
is
for NOAA to
implement a
relational data base management system
that will integrate different data types
into a single data base.
Such a data
base could reside at a particular site or
it could exist at several sites, each
with different parts of the overall NOAA
data
base,
linked
together
in
a
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for NOAA.
As developed by NOARL, NEONS
meets about 90% of the NOAA needs for the
DBMS component of our integrated ocean
data management system.
To meet the
other 10% of our needs COAP is working
with the staff of NOARL to make the
necessary
modifications
and/or
enhancements
to
the
system.
The
technical
specifications
for
the
NOARL/COAP DBMS are:
*
Handles a wide variety of
environmental data types
*
Provides high-level logical
access to data
* Design is expandable and flexible
*
Interfaces are available for
interactive browse
* Automatic data ingest, delete and
transfer
* Minimum software development
*
Maximum I/O performance and
minimum storage
Looking ahead,
COAP and NOARL will
jointly support the maintenance and
evolution of this system.

types listed above without regard to the
size of the files or the number of data
sets.
4.
To interact with the users to
insure that COAP is meeting their needs.
Users should be able to request data for
any geographical area and time window and
receive that data (images, model output
and/or observations) co-registered. Data
should be available in several standard
formats such as binary (BUFR and GRIB),
ASCII and CDF and the user should be able
to specify which format is desired.
5.
To minimize costs by using
existing software when possible and low
cost hardware systems.
Implementing a
system such as the one outlined above
would have been very expensive and a time
consuming exercise a few years ago. Due
to the benefits of rapidly changing
technology and
to
the
benefits of
collaboration with the Navy, however,
COAP is implementing the system in a very
short time period for very little money.
The heart of the COAP integrated
data management system consists of Data
Base Management System (DBMS) software
developed by the Naval Oceanographic and
Atmospheric Research Laboratory (NOARL)
as part of their NEONS project.
NOARL
has invested over four years and several
million dollars into the development of
NEONS and it is being used at a number of
Navy sites for data base management of
environmental data.
The NEONS DBMS has
the following functionalities that are
essential for an integrated system that
will process the variety of ocean data
that will be made available from COAP:
* Data acquisition and ingest
* Data base handling
* Image processing
* Interactive graphics
* Data blending and analysis
* Archival support
* User interface
* Data output devices
* Data communications

The second major software component
to
the
overall
system
involves
communications. Access to the data base
will
be
provided
through
several
communications options.
The first will
be
through
a
network
of dedicated
circuits linking major NOAA canters
around the country.
This is the NOAA
Ocean Communications Network or NOCN. A
second option will
be
through the
INTERNET system which links universities.
A third option will be through a dial-in
system. The system will also support LAN
connections for local users. The reason
for the different communications options
is that there will be a variety of
different users for the data and products
being
made
available
and
no
one
communications access system would serve
all of them. In this area COAP has also
been able to obtain, from the Navy, the
necessary software at no cost to NOAA.
The Fleet Numerical Oceanography Center
(FNOC) has provided us with the latest
update to their Naval Oceanographic Data
Distribution
System
(NODDS) .
This
software can be installed on a simple PC.
Used with PROCOM commercial software and
a modem a user can access the COAP data
base and download data.
The software
also includes applications modules for
displaying the data on the PC if the user
desires.

To insure that the system will keep
pace with the developments in the DBMS
field the NEONS system was built around a
commerical DBMS "engine". The advantages
of this approach are as follows:
* Complex software development is
done by DBMS experts
* Standard interface tools such as
SQL are provided
* Network communications to support
a distributed system
* Variety of storage and access
mechanisms are supported
* Applications port across hardware
platforms
*
Economical growth path for
evolving technology

The final component for the system
is the hardware.
Thanks to the recent
advances in computer technology it is now
possible to implement an integrated data
base management system on a fast and
powerful, but inexpensive computer. COAP
will be using a RISC/UNIX computer with a
speed in excess of 20 MIPS and lots of
mass
storage.
A fast machine
is
necessary because of the need to pack and
unpack the data.

The Navy has given COAP the NEONS
software, at no cost, for use within NOAA
and this represents a significant savings

97

The data and products that will be
integrated into the COAP system will come
from a variety of sources in addition to
those generated at COAP.
These sources
will include:
* The Fleet Numerical Oceanography
Center
* The Ocean Products Center
*
The Naval Oceanographic and
Atmospheric Research laboratory
* The National Oceanographic Data
Center
* Etc, etc
It is intended that the system, as
installed at COAP, will focus on near
real time data and products and _provide
access to the most recent 3 O days of
ocean observations, numerical ocean model
output and satellite images.
The DBMS
will also incorporate selected historical
data sets, bathymetry and geographical
data sets.
The system is in fact very
flexible and will handle the following
generic data types:
1. Images
a. Satellite coordinates
b. Registered coordinates
2. Gridded data
(registered
coordinates
+
levels)
3. Lat-Lon-Time data
(random lat-lon coordinates)
A DBMS, such as the one described in this
paper, that has been designed to handle
generic data types has the following
characteristics:
simplified design,
simplified access, less software and easy
to extend and modify.
In addition to the installation of
the Integrated Data Management system at
COAP the DBMS software is also being
considered for use at other NOAA sites
and especially those sites that are nodes
on the NOCN network. If the same system
is in fact installed at other sites it
will be a step towards a distributed
system.
The
Integrated
Data
Management
system being implemented at COAP and made
available to other NOAA facilities will,
in fact, meet the objectives discussed in
this paper.
It will integrate data
acquisition, data management and data
dissemination into an complete system and
provide quicker,
better and cheaper
access to ocean data and products.
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2.2

TOWARDS A DISTRIBUTED QUALITY CONTROL NETWORK FOR MARINE DATA
Douglas R. McLain
NOAA NOS Ocean Applications Group, COAP
Monterey, CA
Roger A. Bauer
Compass Systems, Inc.
San Diego, CA
Chris Noe
NOAA NOS Ocean Observations Division
Washington, DC

1.

INTRODUCTION

Our present system for observing,
reporting,
qua~ity
control
and
distributing
marine
observations
is
inadequate, error-prone and not timely.
Many
marine
observations
are
made
manually for local uses and are not
distributed internationally.
Moreover,
many
of the
observations that are
distributed internationally are.delayed
for months to years to decades.
Thus
relatively few data are available for
monitoring ocean conditions, management
of marine resources and research on
marine processes.

currents (CTD and ADCP data) ; DRIBU for
drifting buoy reports; and TRACKOB for
surface
temperature,
salinity
and
currents
observations
from
ships
underway.
Many real-time weather and in-situ
reports are made manually and reported by
Morse Code CW and suffer errors and
delays.
To remedy some of these
problems,
NOAA
has
developed
the
Shipboard Environmental data Acquisition
System
(SEAS)
to
automate
the
observations and. to report rapidly and
accurately via GOES satellite (Barazotto
and Szabados 1985).

The reporting of marine weather
observations was started over 100 years
ago
and
several
thousand Volunteer
Observing Ships (VOS) now report surface
marine weather observations globally
under
the
World
Meteorological
Organization (WMO) .
Real-time weather
reports are made in five character, fixed
format messages (WMO SHIP code) and are
distributed globally over WMO' s Global
Telecommunications System (GTS) .
Many
problems
occur
in
reporting marine
weather observations, some of which were
described
by
the
National
Research
Council
(NRC
1989) .
The problems
include: 1) need for better management of
the sampling and reporting, 2) lack of
sufficient observations, 3) significant
data losses due to antiquated and slow
communications systems. More reports are
made in delayed-mode than in real-time.

After receipt at shore stations, the
real-time
messages
are
exchanged
internationally over the GTS.
Much of
the GTS still uses low speed teletype
circuits and is limited in speed and
accuracy. To increase the volume, speed
and reliability of real-time, global data
exchange, the WMO is upgrading the GTS to
a "Binary GTS" using modern high speed
communications links with error checking
and
correcting
protocols
(Stackpole
1990).
As part of the GTS upgrade, WMO is
developing new binary codes to replace
the five character, teletype-oriented
codes on binary circuits
(Stackpole
19 9 O) •
The five character codes have
fixed formats and changes to the formats
often require several years.
Two new
formats, BUFR for observations and GRIB
for analyzed fields, have been developed.
BUFR
is
flexible
and
table-driven;
additions of new variables to BUFR
require only minor additions to data
descriptor tables.
BUFR and GRIB are
being adopted for operational use by many
weather forecasting centers globally;
including Fleet Numerical Oceanography
Center (FNOC) , National Meteorological
Center (NMC), the European Center for
Medium Range Weather Forecasts (ECMWF) .

Reporting of in-situ observations is
less standardized than that for surf ace
weather. To allow real-time reporting of
in-situ data, the Integrated Global Ocean
Services System (IGOSS) was started by
the
WMO
and
the
Intergovernmental
Oceanographic Commission (IOC) of UNESCO.
Four
fixed
format codes have been
developed for IGOSS reports: BATHY for
subsurface
temperature
profiles
(typically XBT profiles); TESAC for
profiles of temperature, salinity and
99

2.

Although
the
BATHY
and
TESAC
messages are edited daily at FNOC and
NMC/OPC, numerous errors persist in the
data.
To correct some of these errors,
an NODC emp)royee at NOAA' s Center for
Ocean Analysis and Prediction (COAP) in
Monterey, CA, uses QUIPS to edit the data
in weekly batches. The editing involves
intercomparisons of the data in time and
space as synoptic and cruise maps and
time series plots.
The edited data are
relayed to NODC in Washington, DC for
merge
with
delayed-mode
data
and
forwarding to TOGA and other scientific
programs (Bauer and McLain 1986).
COAP
also places the edited data on the
Civilian
NOAA/Navy
Ocean
Data
Distribution
System
(CNODDS)
for
distribution to other users.
CNODDS is
the
civilian
version
of
the
Navy
Oceanographic Data Distribution System
(NODDS, Thormeyer et al. 1990).

DELAYED-MODE REPORTS

Real-time and delayed-mode weather
reports are merged in the Comprehensive
Ocean-Atmosphere Data Set (COADS) which
contains reports back to 1854.
These
data are far from complete, however. For
example,
the National Climatic Data
Center (NCDC) is now updating COADS with
"missing" data from World Wars I and II,
after a delay of 50 to 80 years.
Reporting
of
in-situ
data
in
delayed-mode remains
inadequate;
one
reason being that a profusion of data
formats are used.
While meteorologists
have long used the standard WMO codes,
few oceanographers use standard formats.
The
resulting multitude
of
formats
requires frequent data conversions; each
format conversion causes delays, errors
and loss of information.
The National
Oceanographic
Data
Center
(NODC)
estimates the average lag in reporting
in-situ observations is about five years.
Merging the data for larger space scale
or longer time scale applications is
often
difficult
and
sometimes
economically untenable.
At present
software costs are very high because of
the need to develop and maintain many
format conversion programs.

editing
weekly
COAP's
Although
catches many errors, the process of
editing and preparation of hardcopy plots
is slow and cumbersome.
To speed the
editing, development of a more powerful
QUIPS was started with funding by the US
TOGA program to edit multiple messages on
an interactive graphics workstation. The
resulting program, QUIPS2 (Bauer 1987)
was installed on a VMS microVAX II
workstation at NMC/OPC in October 1987
for quality control of surface pressure
data in SHIP I DRIBU and CMAN (Coastal
Marine Automated Network) marine weather
messages.
QUIPS2 displays sets of
message data as maps and time series and
allows the operator to set quality flags
and make changes in the reported values.
If changes are made to the data, QUIPS2
automatically logs both original and
modified values so that users of the
edited reports can assess data validty.
QUIPS2
also
links
to
an
evolving
artificial intelligence system for more
complex,
rule-based
error
detection
(Richardson 1990).

A project is now starting to upgrade
global exchange of in-situ marine data by
integrating real-time and delayed-mode
data exchange.
This is the Global
Temperature
Salinity Pilot Project
(GTSPP) which is a joint project of IGOSS
and the IOC International Ocean Data
Exchange (IODE) program for delayed-mode
exchange of in-si tu data.
In GTSPP,
real-time ocean data are being read from
the GTS in BUFR format.
3.

QUALITY CONTROL WORKSTATIONS
The real-time messages received from
the GTS at shore data processing centers
contain many errors and the reports must
be quality controlled before use in
operational models. This quality control
was initially done manually but was
laborsome and error-prone.
A simple PC
program, the Quality Improvement Profile
System (QUIPS, Bauer 1984) was installed
at FNOC and NMC to replace manual systems
for editing BATHY and TESAC messages.
QUIPS
displays
a
received message,
supports editing of the message to
correct the format, and once the message
is in proper format, decodes it to
display vertical profiles to check for
erroneous subsurface data (Bauer and
McLain 1986). QUIPS is used at the Ocean
Products Center (OPC) at NMC to edit us
marine messages before they are placed on
GTS and foreign messages as received from
GTS.
At
FNOC QUIPS
significantly
improved the recovery of garbled messages
(McLain et al. 1988). A QUIPS system is
also used by Scripps Institution of
Oceanography to enter , BATHY messages in
non real-time of XBT observations that
were
not
reported
from
ships
of
opportunity.

Because of its compactness and
expanding global usage, BUFR was chosen
as the primary format for QUIPS2; all
data are converted to BUFR prior to
display and editing.
The BUFR reports
are stored internally in QUIPS2 with: 1)
GTS bulletin, date-time and position
information packed as a sort key, and 2)
quality control flags and both original
and modified values. After editing with
QUIPS2, the BUFR reports are relayed to
NMC for use in weather analysis models
and distributed to NOAA facilities on a
high speed data distribution network.
4.
DISTRIBUTED NETWORK OF QUALITY
CONTROL WORKSTATIONS
Development of QUIPS2 software has
cost several hundred thousand dollars
while the cost of workstation hardware is
several tens of thousands of dollars.
Installation of the software at several
marine
data
processing
centers
is
suggested to spread the software costs
100

software as will NOAA as it migrates from
proprietary to open systems.

over multiple
sites and to
insure
compatible processing and maintenance of
quality control information of marine
data. Use of common software at several
centers would also help eliminate the
present "real-time" and "delayed-mode"
distinctions of marine data processing
and reduce present high "opportunity
costs" of not being able to easily merge
data sets.

5.

MANAGING THE FLOW OF MARINE DATA

The National Research Council (NRC
1989) listed lack of management of the
observing and forecasting system as a
primary
problem
in
marine
weather
forecasting.
A distributed network of
QUIPS2 workstations could help improve
management of marine observing systems
and data flow.

A distributed network of QUIPS2
quality control workstations is proposed:
for editing, tracking and distributing
many types of marine data. Data would be
entered into the network when available.
All data would be maintained in BUFR to
eliminate delays and errors in format
conversions and high software maintenance
costs.
Quality control and routing
information would be added to the data at
each stage of processing so users could
see an "audit trail" of the processing of
each report. Statistical programs could
be run on the data flow at several stages
of processing to check for data losses.

The primary editing function of
QUIPS2 is tracking ships in time and
space to insure proper locations and
times of reports.
It is this aspect of
the problem that makes marine data
different from land station data.
The
who?, where? and when? problems of VOS
ship locations exist with both real-time
and delayed-mode data and
the two
problems link when the data are merged.
Severa~ in-situ data centers (NODC, COAP,
JEDA in La Jolla, CA, TOGA Subsurface
Data Center in Brest, France and others)
are all trying to solve these same
problems.
Each center duplicates the
other's efforts to define ship routes and
maintain lists of platforms,
sensor
systems, and sensor quality.
These
efforts to manage marine observations
should be linked in a ·global network for
mutual sharing of information. The FOCUS
database at NOS/OOD could provide a basis
for sharing ship tracking information.

A network of QUIPS2 workstations is
already being started.
The software is
being installed on DEC 3100 workstations
at OPC for greater speed and disc storage
than the present hardware.
A QUIPS2
system is being installed at NOS Ocean
Observations Division (OOD) for data
display, management review and control of
the SEAS observations program.
OOD' s
QUIPS2 will link to authority files
(lists of ship and platform names, call
signs, and other inventories) maintained
in a database management system (FOCUS)
on a second VAX at OOO.
The QUIPS2
system at NMC/OPC will also link to FOCUS
to share the authority files.
A QUIPS2
may be installed at COAP to display FNOC
COOP observations and upgrade COAP's
weekly editing of subsurface profile
data.

6.

USING BUFR FOR MARINE DATA

One problem with use of BUFR for
marine data is that data descriptors have
not been defined for BUFR for many
oceanographic variables.
Many such
variables are defined in the General
Format 3 (GF3) which was developed by the
IOC
IODE
program
for
international
exchange
of
oceanographic
data
in
delayed-mode. GF3 format is used by the
IODE World
Data Centers
and major
oceanographic programs such as WOCE to
exchange data in delayed- mode, primarily
on magnetic tapes. Both BUFR and GF3 are
table-driven
formats
and
flexible:
additional variables can be added by
merely adding variables to their data
descriptor tables. Efforts are underway
to link the data descriptor tables of GF3
and
BUFR
so
that
data
can
be
unambiguously converted from one format
to the other.
The GF3 tables are
maintained by the British Oceanographic
Data Center at Birkenhead, UK, while the
BUFR tables are maintained by the WMO
Commission on Basic systems, Working
Group on Data Management, Sub-Group on
Data Representation (Stackpole 1990).

Future
installations
of
QUIPS2
workstations are uncertain but many
potential applications are evident. For
example, QUIPS2 workstations at NCDC and
NODC could edit delayed-mode marine data:
the software can convert surf ace weather
(SHIP format) and in-situ profile (NODC
UBT format) data to BUFR to merge realtime
and
delayed-mode
data.
If
duplicates appear in the merged real-time
and delayed-mode data, the lower quality
version
(presumably
the
real-time
version) could be deleted (or flagged and
retained for statistical verification
studies
of
the
data
distribution
process) . Merging NCDC weather and NODC
in-situ data would allow one data set to
help quality control the other (by better
defining ship tracks or using SST data in
one set to check SST in the other).

A second problem with BUFR is that a
flexible character code is needed for
data transmission over channels that can
not handle binary data, such as older
telex links of the GTS and voice ship-toshore radio.
The I GOSS Flexible Code
(IFC, Keeley 1990) was proposed for this

Three groups in the Navy have
expressed interest in QUIPS2 software for
editing in-situ data: FNOC, Institute of
Naval
Oceanography,
and
Naval
Oceanographic Office.
All three Navy
groups require a UNIX version of the
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NOAA.
This system, the NOAA Ocean
Communications
Network
(NOCN),
is
designed for distribution of marine
observations,
satellite
images
and
analysis products to NOAA and other
marine laboratories. NOCN was started in
1986
with a
line from NMC/OPC in
Washington to NOS/OAG in Monterey to
exchange products between FNOC and NMC.
The
network
was
extended
with
a
connection to NODC via NASA's Space
Physics Analysis Network (SPAN); Special
file routing software, the Combined Ocean
and
Marine
Product
Analysis
and
Scheduling System (COMPASS, OPC 1989),
has been developed by OPC for use on
NOCN.

application.
IFC uses the same data
descriptors as GF3 and thus can handle
oceanographic variables for which no
fixed WMO codes are available.
For
example, the National Data Buoy Center
has
proposed
using
IFC
to
send
chlorophyll data over the GTS while the
British Antarctic Survey may use IFC for
partial pressure of C02 data.
IFC is similar to BUFR with header
and data blocks. The code is composed of
ten character groups that contain the GF3
descriptor, the data value and a special
character to indicate position of the
group within the report for robustness in
case of garbles during transmission. IFC
is thus more complex than fixed format
codes but the coding could be simplified
using special forms or automated using a
microcomputer.
7.

As part NOAA's CoastWatch program,
NOCN is being extended to distribute
satellite data from OPC to the National
Marine
Fisheries
Service
(NMFS)
laboratory in Beaufort, NC (Schramm this
conference).
Under CoastWatch,
the
Beaufort laboratory will serve as a
regional data center to acquire and
archive local marine data for the South
Atlantic Bight. In the future, NOCN may
be extended to the
Pacific Marine
Environmental Laboratory in Seattle, WA
and the NMFS laboratory at Narragansett,

ADDING REGIONAL AND LOCAL DATA

A distributed marine data network
could
help
improve
processing
and
distribution of regional and local data
(such as moored current meter and ADCP
data)
as well as the global data
previously mentioned. The network could
automatically merge global, regional and
local data to insure that all data are
available to all users.
For this,
regional centers would interface to
regional and local data sources of
particular interest, acquire the data,
convert them to BUFR, quality control
them as necessary, archive them locally
and provide access to the data to others
on request.
QUIPS2 software would
automatically log any changes to the data
in the same way as with the global data.
Computers in the regional centers would
support local database systems and act as
file
servers
for
laboratory
microcomputers,
for
archive
of
the
centers' data, and for semi-automated
data exchange with other centers. Users
could overlay various data sets, one on
another in near real-time, to monitor
what and where observations are being
made, display and analyze the combined
data,
and
develop
proper,
timely
responses to local and regional events
and conditions.

RI.

NOCN is being used to support GTSPP.
Daily bulletins of BATHY and TESAC
messages are converted to BUFR at FN<?C
and sent via NOCN to OPC for relay via
SPAN to NODC. Similar data from NMC are
edited at OPC and sent to NODC daily in
both character and BUFR formats.
The
Canadian
Marine
Environmental
Data
service (MEDS) in Ottawa receives both
streams
of
data
through
its
SPAN
connection with NODC. MEDS compares both
us data streams with similar data from
Canadian GTS connections to ·reconcile
differences in the number of messages
between sources. MEDS will edit the data
in accordance with GTSPP quality control
procedures and return the data to NODC
for archive and further distribution.
9.

The COMPASS file scheduling program
on NOCN works efficiently for routine
file transfers but cannot respond to
special
purpose,
interactive
data
requests. For interactive applications,
NOS/OAG
is
cooperating
with
Navy
Ocean-Atmosphere
Research
Laboratory
(NOARL) to develop a distributed database
system for storage and retrieval of
marine data.
NOARL is developing the
Navy Environmental Operational Nowcasting
System (NEONS, Jurkevics et al. 1990,
Shaw et al. 1990) for satellite, surface
weather and radiosonde data. NEONS uses
BUFR format for observations, GRIB for
analysis and forecast products and NetCDF
for satellite data. NEONS is based on a
commercial database management system
(EMPRESS) and allows users to request
data with industry-standard Structured
Query Language (SQL) requests.

Regional and local data processing
must be coordinated between regions so
that observations are compatible between
· regions.
This would be facilitated by
use of common software systems between
regions but will require development of
standard procedures and policies for data
collection
and
distribution.
The
objective would be to allow regional
laboratories and programs to effectively
use previously unavailable local data
sources and at the same time, allow
access to the data by others.
8.
NOAA OCEAN COMMUNICATIONS NETWORK
a
high
Development
of
BUFR/GRIB network to support
workstations has been started

NEONS DATA BASE MANAGEMENT SYSTEM

speed
QUIPS2
within
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control system would be more efficient
than the present system because decisions
need be made only once,
and more
importantly, made closer to the data
source where local knowledge of the
observation is available.
The problems
of implementing a distributed quality
control system could be minimized by: 1)
using well documented and standardized
quality control methods, 2) providing
standard
editing
software
and
3)
automating the retention of original
values and flags.

COAP will use NEONS to support
fisheries and climate programs via NOCN
at NOAA marine laboratories (Schramm this
conference). Users will be able to dial
into NEONS to retrieve merged real-time
and historical marine data, up-to-date to
within a few hours of observation time.
One use of this facility may be VOS
observing program managers to track
recent observations from ships in their
programs.
10.
DESKTOP DATA DISPLAY AND ANALYSIS
SYSTEMS

Flags, original values and data
tracking elements can be included in a
BUFR network without overloading the
available circuit capacity because binary
formats use data bits efficiently. The
additional data elements would preserve
the information needed to manage and
improve the sensor systems. By including
original and corrected values, flags and
tracking information such as times from
the bulletin headers in BUFR, the data
flow would contain all of the information
needed to isolate and fix specific
problems.
Management efforts need no
longer be limited by pre-chosen items
included in summary reports.
While
summary reports are needed and they do
reveal existing problems, present reports
are almost impossible to match against
one another and to use because they are
prepared and distributed too late to be
effective.

NOAA and others are developing a
wide variety of software for desktop
microcomputers to display and analyze
marine data from NOCN, NEONS and other
sources.
Because
of
the
rapidly
advancing computing power of desktop
systems and, more importantly, the power
and user-friendliness of commercially
available
software,
off-the-shelf
software will be used whenever possible,
rather than specially coding software as
was common practice in the past.
This
will dramatically reduce software costs
while advancing the ability to display
and analyze data.
For example, using
commercial software, a user can dial into
database systems (such as NEONS) with SQL
commands to retrieve data.
The data
could be merged with companion historical
data from a compact disc, such as the
NODC
CD-ROM
of
over
one
million
temperature and salinity profiles from
the Pacific (NODC 1989).
11.

The present WMO BUFR regulations are
incomplete.
They define quality flag
fields but do not specify when or how
they are to be used.
Two methods for
storage of quality control information
have been proposed (Stackpole 1990). One
of the present authors
(Bauer)
has
proposed
extensions
to
the
BUFR
regulations to handle quality control of
data "in transit" between data centers.
QUIPS2
implements
the
"in
transit"
proposal.
The other proposal, made by
ECMWF,
is
for
storage
of
model
performance statistics after the BUFR
report is "at rest" in an archive.
New
BUFR requlations that both change and
combine the two methods have been drafted
but not yet adopted by WMO.
Merging of
the two methods is vital so that
reanalyses of data become possible for
development of climatic time series. For
reanalyses, real-time and archive data
must be in compatible formats to be able
to run the latest operational forecasting
models on archived data.

IMPLEMENTING A BUFR NETWORK

BUFR is being used on a limited
basis on GTS between major global weather
forecasting centers but several problems
exist before BUFR can be widely used.
One probem is that many people may be
uncomfortable with binary formats because
they require local, application-specific
input and display programs, binary data
exchanges are an inherent part of all
error
checked,
computer-to-computer
communications lines and storage media
and thus cannot be avoided.
The
implementation of binary formats merely
makes the binary interface more visible
and means quality control no longer takes
place
hidden
from
view.
Since
conversions from character to binary
forms occur wherever data enter the
collection
system,
character
format
errors and out-of-range data field values
must be dealt with as a distributed
quality control problem.

A final problem is that BUFR cannot
replace the fixed format WMO codes in a
network because, by design, BUFR lacks
the codes needed to reconstruct an exact
copy of a WMO fixed format report after
it is converted into BUFR. Lack of this
ability to reconstruct an exact copy of a
fixed
format
report
will
delay
implementation of BUFR.

By design, the fixed format WMO
codes are robust and reported values have
internal consistency, so format and data
value errors can often be corrected. But
the WMO codes lack standardized error
flags so information on corrections made
to the data is lost.
A distributed
system for making corrections and/or
eliminating bad values and reports could
be developed to
save the required
information.
A distributed quality
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12.

Keeley,
J.R.,
1990:
"A
Flexible
Character Code for the GTS" .
sixth
International Conference on Interactive
Information and Processing systems for
Meteorology, Oceanography and Hydrology,
February
5-9,
1990,
Anaheim,
CA,
American Meteorological Society, 31-32.

GLOBAL ENVIRONMENTAL DATA NETWORK

A
high
speed
international
environmental data network is required to
meet rapidly compounding and politically
sensitive problems of global climate and
ecological change. The network should be
based on WMO's GTS global weather network
as: 1) weather is a common element in
most environmental problems, 2) weather
forecasting models already interfaced to
GTS can be expanded to make evironmental
analyses and forecasts, and 3) the GTS
already
handles
non-weather
data
including seismic _and ocean data.
'

McLain, D.R., R.A. Bauer and R. Davies,
1988:
"Aspects of Quality Control of
Real-time Ocean Profile Observations in
the United States".
Proceedings of
Pacific Congress on Marine Science and
Technology (PACON88), Honolulu, HW, May
16-20, 1988, WS2/1-14.
NODC, 1989:
"Experimental CD-ROM NODC01:
Pacific
Ocean
Temperature
and
Salinity
Profiles".
National
Oceanographic Data Center, Washington,
DC, Informal Report No. 10, 22 pp.

BUFR is an obvious choice for global
environmental data communications because
it is: 1) a common format for many types
of weather and marine data, 2) supported
by an intern~tional organization (WMO),
and 3) flexible, table-driven and can
contain many types of data.
The
definition of BUFR has recently been
extended to radiological accident and
radar precipitation data. The definition
needs
further extension for quality
control,
oceanographic,
climate
and
ecological
variables,
including
the
var~ables now defined in GF3.
A global
environmental network could then be based
on QUIPS2 workstations as "BUFR engines"
to convert many types of environmental
data ~o BUF~ for quality control, display
and timely international distribution.
13.

"Opportunities to Improve
NRC, 1989:
Marine Forecasting".
Marine Board,
Commission on Engineering and Technical
Systems,
National
Research
Council,
National Academy Press, Washington, DC,
125 pp.
OPC, 1989: "COMPASS: Combined Ocean and
Marine Product Analysis and Scheduling
System".
Ocean Products Center, NOAA
National Meteorological
Center,
Camp
Springs, MD.
Richardson, w.s. and D.M. Feit, 1990:
"Expert Systems for Quality Control and
Marine
Forecast
Guidance".
Third
Workshop of Operational Meteorology,
Canadian Marine Oceanographic Society,
May 1-4, 1990, Montreal Canada.
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2.3

THE NAVAL SURFACE WARFARE CENTER'S GRAPffiCAL DATA ANALYSIS PROGRAM
Emmett H. Maddry and David H. Jennings
Naval Surface Warfare Center
Dahlgren, Virginia
Michael A. Bergeron
EG&G Washington Analytical Services Center
Dahlgren, Virginia

1. INTRODUCTION

The human factors engineering aspect of this,
however, is that analysts may be reluctant to divert
from familiar methods to explore new tools that
involve significant learning curves, and managers of
facilities with operational schedules and
requirements may be loathe to absorb the loss of time
such learning curves imply. GIDA is designed to
serve as a general-purpose utility between the user
and the hardware, providing access to the graphics
power of the workstation without an intimate
knowledge of the system characteristics. It
incorporates design features to ensure efficient use of
processing power for applications involving repeated
calculations, with elementary statistical capabilities
for checkpoint visualization of selected results.

The Naval Surface Warfare Center
(NAVSWC) has developed a program for display of
multivariate data, the Graphical Interactive Data
Analysis (GIDA) program. GIDA is designed to serve
as a powerful but flexible user interface for
exploratory analysis on graphics workstations.
Development was motivated by analysis tasks
involving large meteorological data sets produced by
numerical forecast models, but GIDA supplies
multiple capabilities for graphing and displaying
data. The user has hands-on control of the graphics
engine with numerous options for easy side--by-side
comparison of different displays.

3.CONCEPrUALEXAMPLE

GIDA runs on Silicon Graphics IRIS 4D
graphics workstations located in the Strategic
Systems Department. A preliminary version was
· developed on an IRIS 3030; the current version is an
upgrade with extensive changes in the user interface.
The IRIS 4D workstations are characterized by 10-13
MIPS CPUs, multiple processors for graphics
support, real-time lighting and shading of objects,
real-time user interaction, and hardware support for
hidden surface removal.

Figure 1 illustrates a typical user session as a
partial flow diagram for the GIDA program. All
items enclosed in circles represent distinct modules
(functions or capabilities) of GIDA. Arrows are used
to show input/output relations. On the computer side
of the interface, items enclosed in rectangles
represent distinct categories of information, which
might be saved in separate files for additional
analysis. During execution, GIDA keeps these data
objects in memory in linked lists; details are invisible
to the user.

GIDA runs as a stand-alone program, with
necessary interfaces to operating system and
graphics libraries and commands supplied with the
workstation or developed for other applications.
Execution of GIDA is interactive, although command
input from batch files is also supported. If required
inputs for any modules are omitted and reasonable
. default values cannot be assigned, an error message
prompts the user for the required information.
2. MOTIVATION AND PROGRAM
SPECIFICATION
GIDA was designed to process data consisting
of multiple variables defined as functions of position,
such as weather data defined at standard pressure
levels on a forecast grid. Analysis of these data
typically require computation of area-averaged
statistics, such as root-mean-square (RMS) errors,
anomaly correlation coefficients, etc., often weighted
by cost penalty functions such as population,
economic damage.
Increasing reliance for such analysis is being
placed on graphical displays, which are proving to be
powerful aids in performing exploratory analysis "on
the fly." For complex analysis problems involving
large sets of multivariate data, visualization may be
the only effective way to gain necessary insight into
analysis problems.

Fig. 1. _Conceptual diagram of the GIDA interface.
Circles show distinct modules. All headers and keys
are shared by any files shown in the same column.
For simplicity, only selected ft1.nctions are illustrated;
see text for details.
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z file = {Zj,k

The chronological sequence is generally from
top to bottom. The first action was to read the input
data from the specified file; the user has supplied
information describing the header and data structure
within the input file. Next, the data were
interpolated onto a regularly spaced grid, with some
low-pass filtering; the user has supplied the matrix
structure and header information. The gridded data
were then interpolated back to the locations of the
original point data, and a point-by-point differencing
operation performed. Finally, a second pass of the
interpolation was executed to restore high-frequency
content to the gridded data. The figure indicates that
the display shows information from the original point
data, the difference file, and both passes of the
interpolator. Figure 2 illustrates what the display
might look like.
NOGAPS Analysis Data

= (Zljk, Z2jk, ... , Znjk) at (jL\cp, kL\1)}. (2)

Exploratory analysis typically involves
repeated interpolation between point data and grid
data structures. This can involve frequent access to
locations, mathematical functions of position used in
distance calculations, creating and naming new
variables, changing scales, etc. In order to make
GIDA a flexible tool for analysis of different types of
data, a generic scheme for storing data is used.
Briefly summarized, the internal structure of
all data is a set oflinked lists stored in memory. Data
files are read once at the start of a session, and
memory is allocated dynamically as required
throughout the session. Certain elements of the data
structure are defined automatically or by user
command to eliminate duplicate storage of common
information or eliminate repeated calculation of
common measures (keys). Other elements contain
associated names for headers and keys, creation
information, input file name, and a schema
describing its contents and organization, so that
GIDA may access user-specified variables in an
efficient manner. Details on the internal storage of
data structures are contained in Maddry et al. (1988);
Figure 3, adapted from that work, illustrates the
relationship among data structures.
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Fig. 2. Display screen as it might look during the
session illustrated in Figure 1. See text for details.
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4. DATA STRUCTURES

SLONK

Analysis applications like contouring, threedimensional plotting or filtering generally perform
differently if the data are defined on a regular grid.
Real data are frequently defined on an irregular
collection of points. Hence, it is necessary to
distinguish these two types of data structures.
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The first is referred to as point data. The basic
unit of data is a set of n-vectors, typically defined at
locations specified by two additional coordinates; e.g.,
weather parameters at a common altitude at
different geographic positions, viz.,
xfile

CLONK

I
I
I

MR

Y2

CORRESPONDING
/
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o

, '
V1

VFILE

ZFILE

Fig. 3. Internal relationship of data structures. a)
Point data or vector files; b) Grid data or matrix files.

(1)

This set may be thought of as consisting of data
specified for a list of points that may be irregularly ,
spaced and in arbitrary order. In practice, the
coordinates of the locations are associated with the
vertical and horizontal components of the display
screen, with data values displayed graphically.

5. GRAPHICS DISPLAYS
Several kinds of graphics displays of point data
and grid data structures are supported by GIDA for
inspection and interactive analysis. Types of displays
available include simple graphs, scatterplots,
histograms, Gouraud shaded or color plots, contours,
and geographical or political boundaries. Shaded or
contoured plots may be shown as two- or threedimensional displays. Most graphics features have a
number of options, and many can be overlaid onto the
same display.

The second method is referred to as grid data.

It may be thought of as consisting of data specified for
a set of points arranged on a regularly spaced grid.
The basic unit of data is still a set of n-vectors at
locations specified by two coordinates; but the set of
locations constitutes a regularly spaced rectangular
array, viz.,
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completely. Also, an organize command places the
user windows into equally sized rectangles or squares
to improve the appearance of printed output.

Graphics display options include color images,
interactive control of the Gouraud shading and color
bar, control of RGB weight factors with sliders for
three separate data parameters. Axis labels and
titles may be added to displays, along with a number
of graphic primitives based on the data (such as wind
arrows or icons used to compare observed data to
model fits). BSPLINE and CARDINAL curve-fitting
are also supported. Contoured images can be viewed
as two-dimensional plots or as three-dimensional
surfaces viewed from a user-controlled perspective.
Finally, the ability to display sums and differences of
images is supported: this feature would be used to
facilitate a separation of synoptic and mesoscale
phenomena, or to illustrate the convergence of a
model series.

Extensive user control of the data-to-screen
mapping; i.e., the Gouraud shading scale, is required
for an effective data analysis tool. User control over
the number of colors and the range between colors is
quite flexible: options include automatic interpolation between user-selected colors for ra_pid
examination of the range of data values, underflow
and overflow features, and specification of data
values corresponding to specific colors for precise
numerical results.
Two- and three-dimensional displays of color
plots and surfaces are drawn using an improved
triangular mesh algorithm. Figure 5 compares
GIDA's triangle mesh routine with one used in
standard drawing algorithms. The image is first
divided into triangular regions which will be
displayed using specialized drawing routines
supplied with the graphics engine. Prior to sending
the data to the drawing routines, however, the
regions are sorted to form a continuous chain. As
shown in the figure, after the first triangle has been
drawn, only one vertex per region must be supplied.
This algorithm yields enhanced performance for
display and manipulation of complex surfaces.

Graphics plots may be displayed in any of four
available user-defined windows. Six pre-defined
system windows are also available; these include
background, command, color display, color editor,
color interpreter, and text windows. The background
window contains a white background, so that nonGIDA windows and icons are not displayed when
GIDA is executed. The command window is used to
enter commands and text from the keyboard; it also
prompts users for responses to queries and displays
error or warning messages during execution. The
color display window allows users to control the
· number of color values used to display the data and to
view the data regions associated with each color. The
color editor allows the user to interactively change
colors displayed on the console. The color interpreter
allows users to smoothly shade between two color
indexes. Finally, the text window provides the status
of the program in textual form, including names of all
defined files, keys, and headers active in the current
session. Figure 4 shows the pre-defined system
windows.
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Fig. 5. Specialized triangular mesh drawing routine
used to construct three-dimensional surfaces
compared to standard drawing routine .
6. STATISTICAL FUNCTIONS AND DISPLAYS

I

The user is provided with interactive tools to
perform simple mathematical operations and
statistical calculations on the data. A sub-area may
be defined in a display within which statistics such as
the mean, standard deviation, and number of
observed data values are computed. Simple operators
support rescaling data or constructing new
parameters from existing ones.
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Fig. 4. Pre-defined system windows in GIDA.
Clockwise from upper left: text window, color
interpreter, color editor, color display, and command
window; background window is visible at upper right.

Numerical values of statistics for an area are
displayed in a window at the top left comer of the
image. If desired, these statistics and the areas to
which they refer may be saved in a file for further
analysis.

The user has complete control of the location
size of all the windows. He can push individual
windows to the background, or pop individual
windows to the foreground; all windows can be
pushed or popped simultaneously as well. Windows
can be stowed to an iconic state, opened, or closed
a~d

7. I/O OPTIONS
The data input to GIDA can be read from a
magnetic tape, created during the working session, or
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downloaded from another computer. GIDA does not
impose any restrictions on file size, array dimensions,
data format, etc., except as required by the
workstation or its operating system. The user does
not face a burdensome or tedious sequence of tasks in
order to begin analyzing data with the GIDA
program.

GIDA MAJOR COMMAND SUMMARY
area ......................................deftnes area in which to calculate statistics

=t·:::::::::::::::::::::::::::::::::::fo~':~:;e axes on plots
cinterp ................................. color interpreter
color display........................ display colors, values for plots
colorplot, rgbplot ...............displays sorted, shaded, color images
contour ................................displays contours of data
histogram .•...•...•••.•••..•••.••••.• displays histogram
primitive .............................. displays primitives of x y z data
title ....................................... displays title on plots
twodplot .....•.•..•.......•.••....•••• displays 2D plot of data
cphdrname ••••.•.......••..•.•..••••copies header names
cpkeyname ..........................copies key names
create_key ...........................creates new keys
make_coord ........................ basic Input Ille encoder
make_matrix....................... interpolates coordinate data on regularly spaced grid
mvhdrname ......................... renames header names
mvkeyname ......................... renames key names
read ...................................... reads GIDA formatted data file
rmhdrname ......................... removes header names
rmkeyname ......................... removes key names
write.....................................writes GIDA formatted data file

In general, GIDA supports selection of userdefined input parameters in a variety of ways,
including keyboard entry into a command window,
schema files, menu selection, menu editing, use of a
mouse or dial box, and defaults set by the program.
Output devices include a high-resolution monitor
(1280 x 1024), a text monitor for command file
editing, a high-quality color thermal printer, and
video tape recorder; data and images may also be
saved as files, written to tape, or ported to other
computers for further analysis.
The popup menu design has many features to
simplify the interface. Entry help is provided for
required items. Simple editing features support
changing prior entries or one-key clearing of fields for
new entries. A process menu feature allows entries to
be made in several, fields, including sub-menus
containing options, before redrawing the chosen
display. A copy feature makes it especially simple to
produce side-by-side displays in which all options are
identical except those being compared. The
appearance of menus is pleasing and simple, allowing
easy startup of the program by beginning users.

Fig. 6. Summary of major commands in the GIDA
program.
8. SUMMARY
High performance graphics workstations can
aid individuals who analyze large amounts of data
with complex characteristics. However, the graphics
program used as the analysis tool must have
sufficient flexibility to suit the users' needs. The
GIDA program can be used to analyze data in many
areas using two- and three-dimensional plots and
contour graphics plots. It can be a tool to allow
analysts to explore large amounts of data using
visual techniques such as coloring and shading
without being unnecessarily encumbered by
machine-specific details of implementation.

Included with the command window is the
capability to edit the entered text. A buffer is used to
store the previous ten commands the user has entered
and subsequently allows the commands to be
recalled. Users can also edit a command entry after it
has been recalled. The cursor can be easily placed
one character to the left or right, at the beginning of
the previous word, or at the beginning of the next
word. The delete key removes a character under the
cursor, while the backspace key removes the
character to the left of the cursor. Pressing the home
key moves the cursor to the beginning of the line;
pressing the end key moves it to the end of the line.

9. REFERENCE
Maddry, E., Bond, L., and Bergeron, M.: "Statistical
Analysis of Geophysical Data Using Interactive
Graphics," in Interactive Information and Processing
Systems for Meteorology, Oceanography, and
Hydrology, American Meteorological Society (1988).

Several guidelines were followed in designing
the user interface to make it both powerful and
useful. Wherever possible, required input may be
entered from alternate devices according to user
style: mouse key functions are mapped to function
keys; menu selections can be replaced by command
window entries; personalized batch command files
may be activated interactively via menu selection or
the command window. Commands have easily
comprehended grammar and syntax to improve
mnemonics; though commands may require many
parameters to control various specified options, many
have intelligent defaults so that they remain
invisible unless the option has been exercised.
Experienced users may reset default values of
parameters to suit their particular application, start
up in a particular mode, open multiple sessions to
increase the number of graphics windows available,
or perform special tasks not of interest to other users.
Figure 6 summarizes the major GIDA commands.
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1.

INTRODUCTION

An oceanographic analysis software
system, SEAPAK, has been developed at the
Laboratory for Hydrospheric Processes,
NASA Goddard Space Flight Center (NASA/
GSFC) .
The prime version of the system
ru~s on VAX computers under the VMS operating system and has been in use at the
laboratory's Oceans Computing Facility
C?CF) since 1982 (Darzi et al., 1989;
Firestone et al., 1990; Fu et al., 1990).
A less comprehensive version, known as
PC-SEAPAK, has been developed more recently for the IBM AT-class of microcomputers
(Firestone et al., 1989; Fu et al., 1990).
This paper reports on current development
efforts regarding both versions of the
package.

2.

BRIEF SYSTEM DESCRIPTION OF SEAPAK

2.1

VAX SEAPAK

The prime version of SEAPAK is developed and is implemented on the OCF's cluster of VAX computers.
The cluster consists of one VAX 11/7 50 node and three
MicroVAX II nodes, all running the VMS
operating system. Two International Imaging System (IIS) Model 75 (M75) image
systems are available to SEAPAK for image
display and analysis.
A Matrix Instruments Coler Graphic Camera is connected
directly to the IIS monitors' outputs for
image photographs on 35 mm film, color
Polaroid film, or overhead transparencies.
Storage devices include nine gigabytes of
on-line magnetic disks, five 9-track tape
drives, two 8 mm tape drives, three optical disk drives, and a video disk player.
A Tektronix 4105-compatible terminal and a
Hewlett-Packard 7550A pen plotter are
available for graphics output.

SEAPAK was initially designed for the
analysis of satellite images from the
Coastal Zone Color Scanner (CZCS; Hovis et
al., 1980).
This sensor was operational
from 1978 to 1986, collecting over 65 OOO
two-minute scenes of about 2, 200 by' 800
~ilometers (Feldman et al., 1989).
These
images are used for studies
of phytoplankton biomass and mesoscale ocean circulation (McClain et al., 1988, 1990a,
1990c).
Capabilities to ingest and analyze . images from the Advanced Very High
Resolution Radiometer
(AVHRR)
of the
TIROS-N/NOAA satellite series were then
added.
Having a comparable resolution of
one kilometer,
sea-surface temperature
(SST)
images derived from AVHRR data
(McClain et al., 1986) are routinely used
in conjunction with those from the czcs.
More recently, the VAX version of SEAPAK
has been enhanced with extensive capabilities ~or the analysis of non-image, meteorological and oceanographic data from on1 ine and external data bases. These data
include those derived from in situ measurements, airborne sensors~ and model
results.

The SEAPAK software is comprised of
over 200 independent application programs
written primarily in FORTRAN with additional code in C and MACRO assembly language. The programs use NASA's Transportable Applications Executive (TAE; Perkins
et al., 1988) as an applications executive
and for their user interface.
Utility
routines from NASA's general meteorological package, GEMPAK (desJardins, 1988),
are used by many of the programs for the
generation of graphics output.
NASA's
common data format (CDF; Treinish and
Gough, 1987) is used for storage and manipulation of many gridded datasets available to SEAPAK.
2.2

PC-SEAPAK

PC-SEAPAK is a subset of the VAX
version designed for IBM AT-compatible
computers running DOS
3.3 or above.
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Version 3. o (McClain et al., 1990b) of
PC-SEAPAK and its user's guide are available from NASA's Computer Software Management
Information
Center
(COSMIC)
in
Athens, Georgia. Over 30 groups are currently using PC-SEAPAK at various institutions in the United States and abroad.

3•

ENHANCEMENTS TO SEAPAK 1 S
DATA CAPABILITIES

ANCILLARY

The past year has seen continued
enhancements to the portion of SEAPAK
which handles the ingest, storage, display
and analysis of ancillary environmental
datasets supplementing the satellite image
data.
The primary emphases have been on
continuing to build the archive of both
gridded datasets stored in CDF and ungridded datasets stored as VAX/VMS index files
(Firestone et al., 1990) , as well as to
add new functionality for handling the
ungridded datasets.

PC-SEAPAK is comprised of over 90
programs.
Most of these programs were
ported directly from their VAX counterparts, while some were developed to handle
specific functions within the PC environment.
PC-SEAPAK retains much of the VAX
version's capabilities for the analysis of
czcs and AVHRR images. These capabilities
include level-1 data ingestion, level-2
and level-3 image generation, image display and manipulation, look-up table manipulation,
statistical analysis functions, production of hardcopies, and support for file formats of the University of
Miami's DSP system and the NASA/GSFC CZCS
archive (Feldman et al., 1990). Additional capabilities for ingesting data in
other formats available to the PC users
have also been developed.

Table 1 lists datasets added to the
OCF archive in the past year.
In addition, existing CDFs, such as the Fleet
Numerical Ocean Center (FNOC) global winds
and NOAA/Climate Analysis Center (CAC) sea
surface temperatures (SSTs) , have been
updated as new data become available. To
speed the updating process for the CAC
data even further, a network link to NOAA
in Suitland, MD, is being utilized for
copying new data to NASA/GSFC. The datasets in Table 1 are already being utilized
for performing
regional
oceanographic
studies in the Southern Ocean, Pacific
Ocean, tropical Atlantic, Arabian Sea, and
off
the
southeastern
U.S.
coast.
(Figure 1 is an example for the Southern
o-c ean.)
All new cfa-tasets are archived
redundantly on both 12-inch Sony WORM
platters and 8 mm tape for later recall as
needed.

Hardware
requirements
to
run
PC-SEAPAK include a 386-based, IBM ATcompatible computer system with an Intel
387 coprocessor, a 5.25" floppy disk
drive EGA controller and monitor, mouse,
at le~st 60 megabytes of hard disk memory,
as well as the Matrox MVP-AT image board
set and an additional monitor for image
display.
Optional hardware includes a
Weitek numerical coprocessor, the HewlettPackard PaintJet printer for image hardcopy, and the Cipher M990 9-track tape
drive for data ingestion.
In addition,
external devices for various media, such
as hard magnetic disk, CD-ROM, erasable
optical disk, and 8mm tape for data storage, and the Ethernet controller for network communication may also be added to
the system. The cost of such a PC ~y~tem
ranges from about $14,000 for the minimum
required equipment to about $35,000 for a
system that includes all of the listed
options.

New software developments have been
focussed on adding processing capabili~ies
for new ungridded sources, such as drifters, and refining the interface to plotting packages such as GEMPAK and Golden
software Inc. 's Surfer and Grapher for
IBM-standard PC's.
The SEAPAK program
DRIFTER can plot any drifter data type
listed in Table 1 so that the tracks overlay a SEAPAK image, o~ it can be r~n in a
batch mode with a regional, coastline, or
political map serving as the background to
create an HP 7550 plot file.
DRIFTER can
also generate X/Y plots of data along a
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other SEAPAK applications for producing
images, contour maps,
or wind vector
fields.

track, color-code tracks by various ranges
of a geophysical parameter such as temperature, and generate an ASCII file with
speed and heading information along a
track. DRIFTER uses GEMPAK's device drivers, allowing it to output to number of
devices such the IIS M75 monitor, HP plotter, Tektronix 4105-compatible terminal,
or VT240 Regis graphics terminal.

Additional ungridded data software
developed this year provides for the handling of seven 9-track tapes from the
National Ocean Data Center (NODC) containing the SEQUAL/FOCAL tropical experiment
data. This includes indexing and querying
the various data types comprised of pressure gauge, CTD, VCTD, XBT and Nansen cast
(station) data. For the first time, oceanographic data on a CD-ROM disk, provided
by NODC was read and indexed; these included the Pacific region temperature/
salinity profiles.
Data from ten French
cruises in the tropical Atlantic has also
been ingested and indexed.
After the
addition of these new ungridded datasets
to the archive, a single figure was gener-

SEAPAK Is EDTDRIFT program can edit
the ASCII file which is input to DRIFTER,
to help eliminate spurious data values
before they are plotted.
The program
BINDRIFT allows the user to define a grid
for binning the drifter data in order to
compute means, standard deviations, or
eddy kinetic energies (the latter based on
mean drifter velocities provided as output
from DRIFTER) .
The gridded ASCII file
output from BINDRIFT is compatible with

Figure 1.

South polar stereographic image of Navy bathymetry, overlain by
the tracks of 308 drifters deployed during the First GARP Global
Experiment (FGGE), 1979-1981. Note the lack of tracks in a west
to east swath off the west coast of South America.
The likely
cause for this is the presence of upwelling in this region and the
associated divergence of ocean water which shunted drifters to the
north and south as they migrated westward from the South American
coast.
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Figure 2.

Equidistant rectangul~r image of Navy bathym~try for the Atlai:tic;:,
overlain by the positions of al~ hydrographic data s~ored within
the OCF archive for the CZCS period 1979-1986. These include data
of many types including XBT, CTD, station data, current meter,
Nansen cast, p~essure gauge and drifters, collected fro~ a variety
of sources including the NODC, the SEQUAL/FOCAL experiment, and
numerous private investigators~

ated (Fig. 2) showing the locations of all
hydrographic sites in the archive for one
region of study, the north Atlantic\ This
represents the merging of numerous data
types, including station data, current
meter, XBT, C/STD, Nansen cast, pressure
gauge, and drifter.

if desired. The program SURFSCT was written to convert vertical profiles stored in
GEMPAK format to a cross section format
compatible with Surfer. GEMGRD was written to convert gridded data stored in
GEMPAK format to the Surfer grid format
for eventual contouring.
Finally, the
MEANPROF program can generate a single
profile within a specified latitude/longitude region, and at user-specified depths,
representing the mean for all profiles
fqund within that region (e.g., all XBTs).
The mean profiles for adjacent sections
could be used together to create a mean
cross section representative of data collected during a cruise~ for instance.

The interface to GEMPAK, Surfer, and
Grapher was also improved in the past
year.
GEMPAK is utilized primarily for
its capability to store and plot ungridded
surface and vertical data, and to objectively analyze ungridded data to form
grids which can then be contoured or on
which vector fields can be plotted. A new
SEAPAK application, BLKGRD, can put the
GEMPAK land/missing flag at points on a
grid determined to be land points, based
on the Navy bathymetry database in the OCF
archive.
In this way contours can be
restricted to appear only over ocean areas

For gridded data analysis, the program ASCFUNC was written, to provide arithmetic operations for ancillary data ASCII
files.
For instance, the user could request that the difference between ASCII
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files or the mean of a group of files be
computed.
ASCFUNC can also create a CDF
from a SEAPAK gridded data ASCII file.
The program ASCTRANS allows creation of a
Surfer-compatible cross section ASCII file
based on data from a multi-level CDF.
Several
new parameters,
supplementing
those described in Firestone et al.
(1990), can now be derived from gridded
wind fields.
These include Ekman depth,
wind stress curl, and northward sverdrup
transport.

type of image files handled by the application programs.
The new format will
include header information compatible with
the University of Miami's DSP system. The
header is self-describing in that it contains information about its source, data
format, and processing parameters.
Image
dimensions may also be included so that
the width and length of the data is arbitrary.
A set of routines is used to modify
this information for the calling application program and to extract or insert
image data as required.
All SEAPAK programs that include image-file input or
output will be upgraded to use these routines.
The new format is designed to be
generic so as to handle images from any
satellite or non-satellite source.
Of
particular interest to SEAPAK users is the
capability to analyze the data from future
ocean color sensors such as the SeaViewing,
Wide-Field-of-View
Sensor
(SeaWiFS)
scheduled for deployment in
1992.

The gridded data programs continue to
provide the necessary tools for doing
:egional or even global studies.
For
instance, they were used recently to generate both monthly and seasonal SST, pigment a~d u~welling images,
and wind
streamline fields, for the entire czcs
period 1979-1986 in the Atlantic from 20s
to 70N la~itudes. In addition, statistics
representing the means over the open ocean
and coastal regions of the Atlantic basin
were computed. A separate study looked at
the Southern Ocean, and involved the generation of the above products as well as
t~e
eddy kinetic energy, derived from
binned drifter velocities and from Geosat
altimetry data (provided by c. Koblinski
NASA/GSFC).
'

4.

Another change involves the methodology for navigating satellite data--i.e.,
associating image pixels with Earth locations. The current method involves using
the Earth location data supplied for control point pixels with the level-1 data
tapes. A control point file is generated
during ingestion and interpolation is used
to
locate
non-control
point
pixels.
Visual registration with a coastline or
other landmarks can correct any errors
which are normally not greater than three
pixels.

CURRENT DEVELOPMENTS OF PC-SEAPAK

Several programs available for the
VAX version are being ported and will be
available with
the
next version
of
PC-SEAPAK. These include:
EOF

EOFPLOT
IMGEDIT
ANGST
REGION
TRACK
TRAKIN

ARRAY
MOSAIC
RGBDIS

Empirical orthogonal function for generating spatial
and temporal eigenstructures.
Generates EOF plot.
Image editing.
Angstrom exponent e'Stimation.
Defines areas of interest
for specific latitude and
longitude regions.
Generates overlays of ship
or aircraft tracks.
Ingests data from ship or
aircraft.
Performs arithmetic operations on ship or aircraft
data.
Generates composite images.
For image band decompos ition.

The new method will involve using a
scene's ephemeris data and an Earth model
of DSP for calculating pixel locations.
Parameters for the location equations may
then be corrected by visual registration.
Advantages of this method include better
accuracy of the initial locations and not
having to retain the control point data.

6.

Major changes to SEAPAK will continue
to occur over the next two years.
The
software will be ported to a UNIX workstation, several models of which are being
evaluated for cost and processing speed.
This conversion away from a proprietary
operating system will make the package
more portable and therefore more accessible to users with a variety of platforms.

In addition, a major effort to study
feasibility of porting the large ancillary datasets stored in CDF on the VAX
and the c?rresponding VAX SEAPAK programs
for handling these data has just begun.
t~e

5.

FUTURE DIRECTIONS

This porting will be done in conjunction with additional major changes in
SEAPAK.
First, TAE+, the X-Windows version of TAE, will be installed as the
applications executive and user interface.
TAE+ contains essentially the same functionality as TAE while providing the convenience of a windowing environment. TAE+
also provides excellent networking capabilities for running applications from
other nodes and for using distributed data
bases.

PLANS FOR CHANGES IN SYSTEM DESIGN

Two major efforts currently under way
involve changes in fundamental aspects of
S~APAK's
image processing capabilities.
First, a redesign of the image file format
will provide greater flexibility in the
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Firestone, J.K., G. Fu, J. Chen, M. Darzi,
and C.R. McClain, 1989:
PC-SEAPAK: A
state-of-the-art image display and analysis system for NASA's oceanographic
research program.
Preprint Volume, 5th
Intl. Conf. on Interactive and Information Processing Systems for Meteorology,
Oceanography
and
Hydrology,
Amer.
Meteorol. Soc., Boston, Mass., pp. 3340.

Second, image processing functions
will be implemented in software so as to
maintain independence from any specific
platform. Such implementation will suffer
a decrease in processing speed and will
require the use of significant additional
memory for retaining input, _ intermediate,
and output images in data space. However,
currently
available
systems are
fast
enough, and the memory with which they may
be equipped is inexpensive enough, that
these disadvantages are more than acceptable for maintaining hardware independence.

' J .K.' G. Fu, M. Darzi, and C.R.
McClain, 1990:
NASA's SEAPAK software
for
oceanographic
data
analysis.
Preprint Volume, 6th Intl. Conf. on
Interactive and Information Processing
Systems for Meteorology, Oceanography
and Hydrology, Amer. Meteorol. Soc.,
Boston, Mass., pp. 260-267.

Third, a data storage format that is
independent of a platform's operating
system will be implemented. One possibility is to use the Network Common Data Form
(netCDF)
interface
developed
by
the
Unidata Program Center at the National
Center for Atmospheric Research (NCAR) in
Boulder, Colorado. Applications would use
the interface software to convert the
stored data into the required binary format for processing regardless of the platform being used.
As the number and size
of datasets increase, and as they become
more integral to SEAPAK, issues of their
portability become as important as those
of the software itself.

Fu, G., M. Darzi, J.K. Firestone, and C.R.
McClain, 1990:
SEAPAK: A comprehensive
oceanographic analysis software system.
Conference
Proceedings,
Sci~nce
and
Technology for a New Oceans Decade, Mar.
Technol.
Soc.,
Washington,
D.C.,
pp. 527-532.
Feldman, G., N. Kuring, c. Ng, W. Esaias,
c. McClain, J. Elrod, N. Maynard, D.
Endres, R. Evans, J. Brown, s. Walsh, M.
Carle, and G. Podesta, 1989:
Ocean
color: Availability of the global data
set. EOS, 70(23), 634-641.

Finally, a data base management system will be implemented for direct use by
the various application programs.
Over
the next few years, as the number of products from satellite sensors and the sources of other types of data greatly increase, the user will be confronted with a
proliferation of images and datasets of
which to organize. The use of a data base
management system to perform this task
will become increasingly essential for any
large data analysis system such as SEAPAK.
7.

Hovis, W.A., D.K. Clark, F. Anderson, R.W.
Austin, W.H. Wilson, E.T. Baker, D.
Ball, H.R. Gordon, J.L. Mueller, s.z.
El-Sayed, B. Sturm, R.C. Wrigley, and
c. S. Yentsch, 1990:
Nimbus-7 Coastal
Zone Color Scanner: System description
and initial imagery.
Science, 21, 6063.
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Wind-driven upwelling in the
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HURRICANE JUAN FLOODING IN LOUISIANA
__fuS__l'DNITORED BY NOAA/AVHRR THERMAL IR 'J'EMR)RAL CXMDSITES

By
J::)()Jl:/U.1) R._.}VIESNE_j' and l'DRRIS DEUTSCH, private consultants, Vienna, Virginia,

and Falls Church, Virginia
In late October 1985, a tropical
depression developed in the Gulf of Mexico; it
was named "Juan." By October 27, it was 480 km
southeast of Galveston, Texas, and rain began
to fall in Louisiana. By late afternoon, Juan
was upgraded to a hurricane as it moved toward
the coast. On October 28, winds reached 85 mph
(137 km/hr) as the storm lingered over the
Louisiana coast. Then it began to loop slowly
(counterclockwise) west of New Orleans and east
of Lake Charles, Louisiana. Beaumont, Texas
reported 6.13 in <156 nun) of rain in a 24-hour
period. Port Arthur, Texas, reported 10.13 in
(257 nun) of rain during the same period. High
tides, tornadoes, and waterspouts added to the
problems facing the coas.t al inhabitants. By 6
am on the 29th, Juan had completed its loop and
began moving east-northeast over the
Mississippi River delta. By' midnight the
hurricane had moved into southern Alabama
(Ludlum, 1985).

Upon examination of the flood image maps,
the hydrologists and engineers at the New
Orleans District, Corps of Engineers, not only
verified the accuracy of the image maps but
they also expressed amazement at the amount of
detail obtainable from a sensor with a mere 1.1km ground resolution.
To the authors' knowledge, these flood
image maps represent the first and only
multitemporal thermal IR data ever used for
flood mapping. Previously, multitemporal
comparisons of thermal IR were limited to
thermal inertia studies comparing daytime and
nighttime thermal data to study soil moisture
or to study rock type.
In the authors' view, AVHRR multitemporal
compositing of dry/flood images represents and
important albeit neglected tool in the
monitoring and mapping of coastal floods. The
AVHRR sensor covers the entire coastal area
synoptically with four passes daily. Data are
processed in near real time and are readily
available for analysis. The 1.1-km resolution
does restrict the AVHRR's usefulness, but when
detailed damage assessments are needed,
aircraft overflights can be assigned
efficiently on the basis of the satellite image
maps._

The coastal flooding from this' storm was
extensive and the need for real time
information on flood extent was .acute. The New
Orleans District of the Corps of Engineers, U. .
S. Army, requested satellite information under
the LEAP (Land.sat Emergency Access Program)
program, but clouds precluded the acquisition
of Landsat imagery. Instead, the authors
examined the data available from the polar
orbiting satellite NOAA-9 and its multiband
sensor, the Advanced Very High Resolution
Radiometer (AVHRR), to see whether flooded
areas could be observed through breaks in the
clouds.

This work was performed under contract
with the -New Orleans District, U. S. Army
Engineers.
Reference
Ludlum, D. M., 1985. Weatherwatch, October
1985. Weatherwise, 38: 337-340.

On November 6, 1985--a week after the
floods had peaked--a suitable image was
discovered. The image was a nighttime thermal
IR image ( AVHRR bands 4 and 5) . Digital
analysis of the image, was performed at General
Electric's Digital Interactive Analysis
Laboratory in Lanaham, Maryland, oh a GE-100.
This effort produced detailed, rectified,
enhanced false-color images at a scale of
1:1,000,000. These false-color images revealed
large warm areas of ponded water and /or
oversaturated soils. To further enhance and
locate the coastal flooded areas, a dry-season
nighttime image dated June 4, 1985, was
composited with the November 6th postflood
image. The resulting thermal anomalies were
classified, and the flooded areas were false
colored to afford easier identification. These
1:1,000,000-scale flood image maps were then
forwarded to the New Orleans District for
verification.
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3.1
The
GeoSphere
Project
by
Mr. Tom Van Sant
Executive Director
Eyes on Earth Corporation
Santa Monica, California 90402
and
Mr. Ronald S. Gird
National Oceanic and Atmospheric Administration
Washington, D.C. 20233

1.0

INTRODUCTION

The GeoSphere is the first visually
accurate, three-dimensional model of the Earth.
It is primarily designed for educational and
scientific visualization. Because the surface
of the sphere is composed of satellite imagery,
the GeoSphere is a replica of the Earth as it
appears when seen from space. The globe is
seven feet in diameter and uses advanced
computer technology to control rotation,
lighting, audio, projection and informational
programming. The purpose of the GeoSphere is
ta _make complex global issues easy to visualize
and understand.
2.0

3.0

THE GEOSPHERE

3.1

The Surface

The surface of the sphere is a
composite of GAC pictures taken by the NOAA
polar-orbiting satellites. These pictures,
collectively termed the GeoSphere Image,
comprise the first satellite map of the world.
This task was completed on April 15, 1990 with
technical direction by Lloyd Van Warren.
The image is printed on a photographic stock
which allows the emulsion to be peeled from the
paper. The resulting transparency is rendered
in 36 gores (pole-to-pole sections) and applied
with adhesive to the surface of the globe.

SATELLITE DATA
3.2

The Earth's surface image for the
GeoSphere was created principally from NOAA's
polar-orbiting environmental satellites.
These satellites pass over the same Earth
location twice a day. ' Polar satellite
instruments include the Advanced Very High
resolution Radiometer (AVHRR) which has five
channels to sense the radiation from the
earth's surface and atmosphere. The AVHRR has
a resolution of 1 km at nadir. On-board
processing reduces the resolution to 4 km and
is called Global Area Coverage (GAC) data.
Processing of AVHRR data is described by
Kidwell (1983). GAC data was used to produce
the earth's surface picture. GAC data is
archived at the National Oceanic and
Atmospheric Administration (NOAA), Satellite
Data Services Division (SDSD).
The SDSD initially provided six days of
GAC mosaic images on computer tapes.
This initial data set was read into a Stardent
GS-1000 Graphics Supercomputer together with
elevation and hydrologic data. A global cloudfree Earth mosaic from only six days of data
was not possible. A second delivery of
additional, site specific GAC sectors was
provided by SDSD. The input mosaics from which
the GeoSphere was created required five months
of software development and non-interactive
mosaicking time, and five months of additional
software development and interactive
compositing time on the Stardent computer.
The full resolution of the GeoSphere image is
8,640 pixels wide and 4,320 pixel high for a
total of 37.3 million pixels.

The Atmosphere

A transparent spherical shell will
enclose the fiberglass sphere. This clear
shell will represent the Earth's atmosphere for
displaying weather and other environmental
information. It will be attached at the poles
and will be rotatable and removable.
This atmosphere will consist of two
hemispheres; one at a diameter 1 inch larger
than the sphere, and one at a diameter 1 1/2
inch larger than the sphere. This difference
in dimension allows the Earth's surface to be
exposed by rotating the two parts of the
atmosphere to one side of the globe.
3.3

The Sphere

The sphere will be of translucent
fiberglass construction to allow the surface
too be illuminated from within. The base and
mounting allow for polar vertical positioning,
as well as the 23 1/2 degree tilt representing
Earth's relationship to the sun.
3.4

Movement

The base will allow for portability or
permanent installation. An internal, digitally
controlled servo motor will allow the globe to
rotate on its axis with 4,000 stop positions in
360 degrees. The base motor will allow the
globe to rotate orbitally with the same number
of positions. The dual movements will allow
the globe to be positioned to represent any
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hour of any day of the year for any location.
Motor speed ramping will provide smooth
transitional movement.
3. 5

individual standing on the surface of the
earth.
The first GeoSphere was assembled in
August, 1990.

Lighting
5.0

Variably controlled internal lighting
will provide illumination for the transparent
surface and for representation of cities at
night. Variable high intensity external
lighting will be designed to represent sun
positions.

4.0

EARTH SITUATION ROOM

The Earth Situation Room, Figure 1, is
the culmination and final product of the
GeoSphere project. The room constitutes a
clearing house, research center, and software
and hardware interface for worldwide research
on global change and Earth resource management.
The Earth Situation Room also constitutes a
center for tracking and visualizing topical
news events of global concern. The centerpiece
of the Earth Situation Room is the computer
controlled GeoSphere with the whole Earth
surface resolved to 4 km. In the 2nd phase,
the Earth Situation Room will be a combined
global file research center, public venue,
television studio for producing global change
programs for international distribution, and
global graphics production station for the
publishing and computer software industries.

GEOSPHERE PROGRAMS

The GeoSphere will be used for display,
research, and as a set for filming or
videotaping global change, earth resource
management, and other educational programs.
A series of projection systems, including
video, laser, and 35mm, will be used to produce
a wide variety of programs. The live weather
from geosynchronous weather satellites may be
projected or applied to the inner or outer
surfaces of the clear atmosphere. This will
permit real-time television programming for
topical issues designed for international
network news distribution. Time lapse
sequences will be used to show global change.
These will be projected on to continental
overlays acting as area selective screens.
The GeoSphere will provide the ability
to zoom from a whole-earth context to regional
high-resolution displays. By connecting such a
zoom to high and low altitude aerial
photQgraphy, it is possible to perform a
complete zoom from the whole earth to an

6.0
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Figure 1.

The Earth Situation Room will serve as a bridge between
the scientific coITTmmity and the general public.
Complex scientific data will be converted into easily
understood information.
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BY A THREE-DIMENSIONAL MESOSCALE NUMERICAL MODEL
(THE ADVANCED REGIONAL ATMOSPHERIC MODELING SYSTEM}
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Walter A. Lyona, Dennla A. Moon, Cecll 8. Keen,
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Roger A. Plelke and WUUam R. Cotton
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1.0

INTRODUCTION

The advent of the supercomputer has provided
researchers with a "third way" of doing science as
computational simulations take their place alongside
observations and theoretical analysis (Winkler et al., 1987).
Just as modem meteorological observational systems have
provided atmospheric scientists with vast flows of data
requiring new analysis tools, the emerging mesoscale
numerical models (MNM) are beginning to bury users in a
sea of "data" (Schiavone and Papathomas, 1990). Synoptic
models have been in operational use for over four decades.
Time scales of these phenomena are such that several dozen
charts at 12 hour intervals are adequate to portray the
results. By contrast, the phenomena simulated/forecasted
by an MNM require inspection at time steps on the order of
minutes. Dramatic advances in computational technology
now allow forecasters at the field office level to exercise
codes once formerly restricted to central office mainframe
supercomputers (Cotton et al., 1990). This new hardware is
epitomized by the IBM RISC/6000-320 desk top platform,
operating at > 10 megaFLOPS, with 32 Mby memory, and >
2.0 Gby of disk. Even with a high resolution color monitor
and quality color animated graphics, the retail cost is still
under $50,000 (even more powerful systems are available
from IBM and other manufactures at somewhat higher
prices). Table I summarizes forecast run times as a function
of grid size for the ARAMS model (see below) over a 300 x
160 Ian domain, with 35 levels. ARAMS was benchmarked
on an IBM RISC/600-320 versus a Cray X/MP, and achieved
25% of the throughput of the mainframe. It is now feasible
to run an operational 12 hour forecast with <10 Ian grid size
over a large domain on a dedicated desk top system. The
mesoscale numerical model is ready to leave the research
laborafory. Lyons and Pielke (1988) demonstrated an
MNM's effectiveness in predicting sea breeze thunderstorms
at the Kennedy Space Center. ARAMS is being utilized as a
front end to pollution models dealing with dispersion in
complex terrain and coastal zones, long range transport,
acid deposition and regional photochemical oxidants
(Lyons et al., 199la, 1990). Such computational power
therefore requires increasingly effective scientific
visualizations of complex three-dimensional atmospheric
fluid phenomena (Cassidy, 1990; Frenkel, 1988, Hibbard
and Santek, 1989). A second new technology, the graphics
workstation, can greatly facilitate the visualization of
model output. Currently, graphics workstations and
minisupercomputers are merging into a hybrid technology
we call the graphics supercomputer. A laboratory has been
established to test and evaluate such systems, including the
IBM RISC/6000 and the Stardent Titan series. These
systems have one to four processors, high speed
computational capability, large RAM and disk memory, and
are integrated with high resolution animated color
graphics. A new commercial mesoscale numerical model,
the Advanced Regional Atmospheric Modeling System
(ARAMS), has been installed on these machines. ARAMS
predicts basic state atmospheric variables and numerous

derived quantities. These in tum drive application modules
such as the Lagrangian Particle Dispersion Model (LPDM) or
local thunderstorm probabilities (Pielke, et al., 1990; Lyons
and Pielke, 1988). While a single satellite picture illustrates
a key aspect of long range pollution transport (Lyons and
Pease, 1973), most mesoscale phenomena are extremely
dynamic, three-dimensional and time-dependent features.
An new on-line, high resolution color animated interactive
graphics package, the "supercomputer animation,
visualization, initialization in three dimensions"
(savi3D™) is available for model output visualization.
2.0

ARAMS AND THE LPDM

ARAMS (the Advanced Regional Atmospheric
Modeling System) is a prognostic mesoscale model derived
from the CSU RAMS model. This new, comprehensive
mesoscale modeling system evolved from two modeling
codes developed at Colorado State University by Profs.
Roger A Pielke (Pielke, 1974; Mahrer and Pielke, 1977) and
William R Cotton (Cotton et al., 1990; Tripoli and Cotton,
1982). It is a primitive equation model with a nonhydrostatic option allowing simulation of detailed local
processes. It employs prognostic surface energy and
moisture budgets using variable surface characteristics,
water temperature and topography. The multiple, two-way
interactive nested grid scheme allows large domains to be
modeled, while preserving fine grids in the area of greatest
interest. A large number of vertical levels allows for
detailed parameterizations of planetary boundary layer
processes. ARAMS predicts the basic state variables (wind,
temperature and moisture) and numerous derived
parameters at each grid point and time step. There is
increasing reliance on prognostic mesoscale numerical
models as input sources for photochemical grid models and
emergency response models (Lyons et al., 199lb). Even in

ARAMS MODEL EXECUTION TIME
Processors: IBM RS/6000-320 and Cray X/MP

Domain size: 300 x 160 km • Vertical levels: 35 • Duration : 12 hours
GRID SIZE (km)

MODEL RUN TIMES
3-D run times

0.5
1.0
1.5
2.0
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IBM RSL6000
13,440 hr
1,680 hr
497hr

CrayX/MP
3360 hr
420hr
124 hr
52hr

2-D run times
IBM RSi'.6000
21.0 hr
5.25 hr
2.3 hr
1.3 hr

CrayXLMP
5.25 hr
1.31 hr
35min
20min

5.0

209hr
13.5 hr

3.4hr

12.6 min

10.0

1.7hr

25 min

3.2min

O.Smin

15.0

30min

7.8 min

l.4min

0.35 min

3.2min

CAPE CANAVERAL

7 NOVEMBER 1988

1200 LOCAL l 700Z

-~~~

9/3/1km NC Run simulaling 11-7-88 IXZ of U,W 1km 17Z
• TIX

• XG8

• 001

F1gure 1.

(top) Manual analysis of complex local wind
patterns over the Kennedy Space Center mesonetwork, at
1700 urc, 7 November 1988. (bottom) ARAMS output, using
NCAR graphics, showing UW streamlines in east-west plane
through Titusville (TIX) and the Shuttle Landing Strip (X68),
revealing three circulations associated with the Atlantic sea
b~eze (ASB) front and the two offshore heated islands.

Ftgure 2.

(top) Surface layer (12 m) wind streamlines
simulated by ARAMS and plotted using NCAR graphics,
showing complex local wind patterns at 1700 UTC, 7
November 1988. (bottom) sav13D display of surface layer
divergence showing convergence zones associated with the
ASB and the inflow onto the heated islands.

their condensed form, ARAMS output files can easily exceed
500 Mby. Thus, in order for the output to be of value to
forecasters, new techniques of interactive information
extraction and display are mandated.

3.0
AN APPROACH TO VISUALIZATION OF MODEL
OUTPUT AND DATA
The new visualization tool, savi3D™,
being
developed for both operational and research users of
ARAMS, LPDM -anCI similar codes Will beoriefly-cfescrtbed
and illustrated. savi3D™ is an integrated package of
routines which allows the following:
• delineating the geographical domain of the model
• creating the computational grids which will be
contained in the model domain
• extracting from data bases digital information on
land use, water areas, land cover, geographical landmarks
• initializing the ARAMS code with observed
meteorological data
• executing the meteorological model and writing
output files
• post-processing the ARAMS output file by an
Analysis Package to create a variety of displays, including
graphical displays using NCAR Graphics, auxiliary charts

ARAMS can drive a number of application modules,
including the Lagrangian Particle Dispersion Model (LPDM)
described by Pielke et al., 1990). Particles are emitted into
the ARAMS-generated atmosphere. The particles are then
advected through space by velocity fields composed of both
resolved synoptic and mesoscale velocities, and turbulent
(sub-grid) fluctuations computed from normally-distributed
random numbers, whose standard deviation is determined
by the local stability conditions. Source types can include
point, area, line and volume. Releases can be instantaneous
(explosive) or continuous, either steady-state or timevarying. Plume rise can be treated by conventional
algorithms. Since literally tens of thousands of particles
may be released, advanced interactive graphics techniques
are required to utilize the results effectively.
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Figure 4.
(top) savi3D display of the streak line from a
continuous release of neutrally buoyant particles into
complex sea breeze flow around KSC, four hours after a midday start. (top) plan view showing apparent split of plume
into two arms, one moving east, the other south, (bottom)
perspective display showing two disttnet paths for the
plume material. Animation clearly highlights the quasihelical nature of the individual particle trajectories.

sav13D provides a graphical display with which the user
establishes one or more computational grids using a mouse
and interactive menus. The meteorological initialization of
ARAMS can use one or several rawinsondes through
regional model (NMC, ECMWF, MM4) grid point analyses.
Either stationary or non-stationary boundary conditions
can be selected. The model initial conditions can then be
displayed for inspection. Upon model execution, results can
be displayed. In upcoming releases, this step will be
integrated with the ARAMS execution, making the postprocessing of the model results essentially transparent.
savi3D™ also displays objectively analyzed data sets.

Ftgure 3.
sav13D display of dispersion from a neutrally
buoyant toxic gas cloud resulting from 15 minuets of
evaporative loss from a 30 m wide chemical spill. (top)
LPDM-predicted dispersion of the initial cloud, about 15
minutes after the start of the incident, (middle) after
another 60 minutes, (bottom) maximum surface layer (0-25
m) concentrations resulting from passage of cloud (oligtnals
in color).

ARAMS was run L'l a 3-D, multiple two-way nests,
non-hydrostatic mode to simulate the Atlantic sea breeze
(ASB) in central Florida on 7 November 1988. A 40x41 1000
meter interior fine grid was used over the Kennedy Space
Center (KSC) region. Figure 1 shows the complex wind field
associated with both the ASB front and convergence onto
the heated surfaces of Merritt Island and Cape Canaveral.
NCAR graphics were used to show the ARAMS recreation of
the wind field in the vertical (Figure 1) and the horizontal
(Figure 2) . Of major importance is the magnitude of the
strong vertical mottons (approaching 200 cm/sec)
associated with not only the ASB front, but over the
offshore islands. savi3D™ was used to create a 3-D surface
of the surface divergence pattern which graphically
portrayed these features (Figure 2). The LPDM simulated a
release of non-buoyant gases from a toxic chemical spill in
the north-northwest flow during the morning hours, before
the onset of strong mesoscale circulations (Lyons et al.,

and tables
• driving the LPDM, producing 3-D trajectories,
streak lines and concentration fields as a function of time
savi3D™ allows the user to extract and compress
geographical and land use information from sources such as
the U.S. Geodetic Smvey (USGS) data tapes (nominal 200
meter resolution) . Modification of any of the parameters
can be made on a grid cell basis if desired. This includes
political boundaries, waterways, roads, land use, vegetative
cover and terrain elevation. Once the domain is established,
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Figure 6.
Three savi3D views of model output of
vertical motion fields, 2000 UTC, 22 July 1987, ARAMS lake
breeze simulation. (top) east-west plane, (middle) four-east
west planes and surface divergence patterns, and (bottom)
3D surface of maximum upward vertical motion.

Figure 5.
Three savi3D views of the potential
temperature patterns at 2000 UTC, 22 July 1987, from an
ARAMS simulation of a lake breeze. (top) XY plan view of
potential temperatures at 2 m, (middle) east-west plane
parallel Illinois-Wisconsin border, surface to 2000 m, and
(bottom) stacked XY planes from surface to 5000 m. All
scenes can be viewed as stills or in animation (originals in
color).

LAKE MICHIGAN

Figure 7.
savi3D display, forward trajectories of
particles released into a lake breeze. The lower trajectory is
derived from surface layer winds only, whereas the upper
one utilizes all wind information produced by ARAMS.
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1991a). Figure 3 shows the dispersion of the particle cloud
over a 75 minute period. Note how the developing horizontal
shear distorted the hiitial plume orientation from parallel
to the surface wind to normal to the wind direction. The
peak instantaneous concentrations associated with the the
passage of the plume are shown (Figure 3). Other
computations include total exposure (dosage) as well as
simulated strip charts at "monitoring" points as the puff
advected through the domain. By mid-afternoon, strong
vertical motions caused the dispersion to become fully
three-dimensional. Figure 4 shows the LPDM portrayal of a
streak line from a surface layer 92 m) continuous release.
The plume undergoes transport to over 1000 m height in the
ASB updrafts. where it then bifurcates into two arms. A
portion of the plume material subsides and impacts the
surface layer at a point 20 km south of the source.
ARAMS was configured for the Lake Michigan basin
with a 1OOO m interior grid along the western shoreline
(Lyons et al., 1991b). The model used 29 vertical levels from
2 m to 8000 m. The model simulated the pre-dawn to early
evening period. Water temperatures varied from 11°C in the
southwest to 22°C on the eastern shore. The model
employed stationary boundary conditions and a
homogeneous initialization using regional 1200 UTC
rawinsondes. The prevailing winds were generally light,
and veered from the southwest to westerly aloft. savi3D™
displays of the potential temperature field from three
different perspectives are shown in Figure 5. The vertical
motion is essential to understanding both regional
pollutant transport as well as cloud development. Several
portrayals of the W field are shown in Figure 6. The
calculation of trajectories using the LPDM is illustrated in
Figure 7. The dispersion from a four-hour long continuous
release from a shoreline source near Waukegan, IL is shown
in Figure 8 (top and middle).The dynamic fumigation from
an elevated point source of pollutants at the same location
is shown in Figure 8 (bottom).
In addition to the high resolution graphics
supercomputer screen display (from which the color
originals were made using 35 mm camera), screen output
can be captured and printed on a variety of hard copy media.
Presently supported are the XEROX 4020 color printer and
Postscrtpt/Ultrascript output to laser printers. Figure 7 was
created using an ATARI laser printer.
Also, ARAMS output can be formulated to mimic
observational systems. This aids researchers in comparing
model results to observations, as well as provides
forecasters with model output in familiar formats.
"Synthetic data" are displayed in the format of surface
mesonetworks, meteorological towers, buoys, Doppler
sodars, profilers, rawinsondes, radar reflectivity, pollution
monitor strip charts, research aircraft traces, etc. Figure 9
shows an ARAMS-generated 12-hour prediction for the 500

F1gure 8.
savi3d displays of particle clouds released
from shoreline sources, using the LPDM with ARAMS
generated meteorology. (top) plan view at 2000 UTC, 22 July
1987, of a particle cloud released into a lake breeze from a
shoreline source near Waukegan, ll between 1130-1530 UfC,
(middle) perspective view of above, and (bottom) display of
plume undergoing dynamic fumigation during stable
onshore flow on a sunny early summer day.
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Figure 9.
Synthetic model output, forecasting observations on that would be made at 30
minute intervals on the 500 ft tower at the Kennedy Space Center.
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Figure 10.

Synthetic ARAMS model output data (wind
barbs point clockwise) combined with actual KSC
mesonetwork observations.

ft tower at the Kennedy Space Center for a sea breeze day, 7
November 1988. Figure 10 shows both observed and
ARAMS-predicted data for selected stations within the KSC
mesonetwork. These data can also be displayed in color and
animated at 15 minute time steps. Version 1.0 of savi3D,
which has the various display routines shown here, is
currently available. Additional features described will be
available in Version 2.0 by the fourth quarter of 1991.

4.0

CONCLUSIONS

New computational resources available during the
1990s will dramatically facilitate not only the ability to
forecast of mesoscale systems, but the interactive display of
their output. Graphical simulation of severe storms as
demonstrated by Wilhelmson et al. (1990) and air pollution
transport (Dwyer, 1990; Lyons et al., 1990) have begun to set
standards for future development. According to some
(perhaps overly optimistic?) observers of the computer
industry, processors available to individual scientists for
dedicated use may approach the teraFLOP range range by the
year 2000 (UNAS, 1990), allowing simulations of ever finer
scale atmospheric processes over ever large domains. The
barriers to effective use of mesoscale models by both
researchers and operational field office personnel are
rapidly falling. Yet the challenge of designing and
implementing effective visualization tools for research and
"real-world" problem solving will become a major issue.

5.0
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3.3
VISUALIZATION OF THE FLEET NUMERICAL OCEANOGRAPHY CENTER
ENVIRONMENTAL PRODUCT SUITE
Commander Carl D. Thormeyer, John P. Garthner, Evelyn A. Hesse,
Chief Warrant Officer Richard W. Courtney and
Lieutenant (junior grade) Erica L. Schofield
Fleet Numerical Oceanography Center
Monterey, California
1.

including multi-color graphics overlays
and
crude animation.
Although still in use at
FLENUMOCEANCEN and at the Navy's five regional
oceanography centers worldwide, the NEDS units
are now obsolete and nearing the end of their
useful lives (Thormeyer 1989}.

INTRODUCTION

Visualization
of
meteorological
and
oceanographic information has historically been
limited
to
two-dimensional
portrayals
of
technical parameters, portrayals developed by
and perhaps most meaningful to the scientists
who created them.
For decades,
hand-drawn
charts of the type pioneered by Bergeron and
Bjerknes have been produced for the general
user,
often
without specific
regard
for
tailoring
to
individual
customer
needs.
Microcomputer
technology is
changing
this
approach, however, and today there is a wide
proliferation
of increasingly
sophisticated
visualization techniques.
Recent literature,
especially the preprint volumes from the six
AMS-sponsored
International
Conferences
on
Interactive Information and Processing Systems
for Meteorology, Oceanography and Hydrology,
abounds with such techniques.
Schiavone and
Papathomas (1990) and Hibbard (1986, 1988) have
thoroughly
captured
the essence
of
this
"visualization revolution·. The remainder of
this decade will see significant refinement of
and transition to routine operations using these
and even more sophisticated techniques.
The
Navy is no exception in its desire to take
advantage of this trend.
2.

3.

CHANGING TECHNOLOGIES/CAPABILITIES

Historically, the capabilities discussed
above
for visualization
through
computergenerated graphics have been much greater at
FLENUMOCEANCEN,
and at the
five
regional
oceanography centers, than at the 56 smaller and
more
remote
Naval
Oceanography
Command
Facilities/ Detachments or on Navy ships at sea.
However,
microcomputer
and
workstation
technologies of the type that will dominate
display capabilities through the 1990s have
begun
to
break
down
old
technical,
communications and price-performance barriers.
Until recently, such barriers have precluded any
significant computer-generated graphics displays
outside of the major forecast centers.
At
the
land-based
facilities
and
detachments,
the
recently
upgraded
Naval
Oceanographic Data Distribution System (NODDS}
now provides an extensive capability to display
much of the FLENUMOCEANCEN product suite on an
"AT compatible" microcomputer (Thormeyer et al.
1990} . A sample NODDS chart is shown in Figure
(l}.
Similar
efforts
for
visualization
improvements aboard ships have until now been
communications-and-equipment
limited,
but
impending installation of the minicomputer-based
Tactical Environmental Support System Version 3
(TESS-3} aboard major surface combatants will
correct that situation within the next few years
(American Meteorological Society 1990, Trumbower
1991).
Meanwhile, small combatant ships that
only occasionally have oceanographic
and/or
meteorological personnel embarked will have access to the Mobile Oceanographic Support System
(MOSS} , an 80386-based microcomputer system.
TESS-3, along with the hardware compatible Naval
Oceanographic Data Distribution and Expansion
System or NODDES (Thormeyer et al. 1989), will
further
replace the NEDS at the
regional
oceanography centers, thus providing the stateof-the-art visualization capabilities that will
be needed at these sites during the remainder of
the century .
In solving the above display
needs, "commercial-off-the-shelf" hardware and
software are playing a major role in bringing
significant improvements in visualization of
FLENUMOCEANCEN products to all authorized users
worldwide.

HISTORY

The Fleet Numerical Oceanography Center
(FLENUMOCEANCEN)
in Monterey, CA
generates
thousands
of
applied
oceanographic
and
meteorological products daily for a wide variety
of
Fleet users, plus unique products
for
additional users both within and outside of the
Department
of
Defense.
These
real-time
operational products range from global
and
regional
charts
of
oceanographic
and
meteorological parameters to tailored
point
forecasts and data collectives for customerspecified
operational
requirements.
FLENUMOCEANCEN
was among the
pioneers
in
developing
computer-generated
displays
of
environmental graphics products in the mid1960s, using second generation computers and
mechanically driven "pen-on-drum· plotters.
By
the early 1970s, this equipment had given way to
third-generation computers and
electrostatic
plotters.
The late 1970s brought the first
mini-computer
based
interactive
display
terminals in the form of the Naval Environmental
Display Station, or NEDS (Thormeyer 1978).
The
NEDS
allowed
implementation
of
early
visualization
techniques
in
displaying
meteorological and oceanographic information,
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4.

NEW PRODUCT DISPLAY TECHNIQUES

4.1

Existing Capabilities

Sample NODDS Chart
depicted
as
poor·,
"fair>',
"good"
and
'excellent" using various shading intensities.
Figure 3, an example of this type of chart,
shows
categories of convergence zone
(CZ)
likelihood for underwater sound propagation in
the Western Pacific Ocean.

Today's
improving
technologies
have
allowed
FLENUMOCEANCEN
to
operationally
implement improved visualization techniques for
fleet customers who possess appropriate graphics
receipt
and display
capabilities.
Albeit
rudimentary in comparison with the emerging
"state of the art" in visualization formats,
these graphics represent a transition from the
over the counter· charts of the 1960s to the
burgeoning visualization techniques that will be
common by the turn of the century.
Today's
operational graphics products at Navy forecast
centers include:

FLEET llUllERI CAL OCEAtlOGRAPllY

I/~

a. Shaded graphics - for example:
1 0

*

Areas of high winds and/or seas.
A
sample is shown in Figure 2, which depicts a 60hour forecast for combined seas greater than 12
feet (light shading) and greater than 18 feet
(heavy shading) in the central and eastern
Pacific Ocean.

SIG SEAS )12, 18 FT

* Probability of occurrence or range of
parameters related to performance of various
weapons and sensor systems.
These can
be
depicted over selected geographical areas using
various shading intensities, with each shade
representing common probabilities or ranges.

1 m1

1 Oii

1 011

60ltRFCST l.JALID 0312002 FEB 90

Figut>e 2
High Seas "Shaded" Graphic
b. Animation
Presently
operational
using current equipment, this includes looping
or motion displays of such pt>oducts as:

* General qualitative assessment for
tactical and strategic decision makers. General
underwater
acoustic
conditions
impacting
submarine searches in a given ocean basin can be

* Contour chart
surface, 500 hPa heights
vorticity, long waves, etc.
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animation;
e.g.,
and
temperatures,

· a.
Color fill graphics
which
will
significantly improve the aesthetic appeal of
present "shaded graphics·.
b. 3-D simulation, allowing
products
previously displayed as two-dimensional charts
to be color coded and displayed in
three
dimensions.
This simulation technique
will
vividly bring out such significant features as
jet streams and ocean fronts.
c.
4-D animation,
allowing
routine
operational display of the type of environmental
products described by Siebers et al. ( 1988) ,
Sznaider ( 1989) , Pauley et al.
( 1988) , and
Wilhelmson et al. ( 1990). Such products wi 11 be
equally applicable to the ocean environment as
to the atmosphere.
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Figure 3
Convergence Zone Assessment

* Satellite imagery looping, using the
"D-WIPS"-based Naval Satellite Display Station
or
NSDS
(Streed
and
Thormeyer
1989) .
Additionally, low-cost ott-the-shelt PC-based
satellite "loopers· will be installed during
1991 at most land sites having geosynchronous
imagery receiving capability. This will upgrade
existing
looping capability at
the
major
centers, while extending it to many of the
smaller outlying detachments.

F
t

.0

* Shaded graphics animation, such as
overlain high winds and seas areas animated
through
time,
with "moving·
ship
tracks
superimposed.
Such visualization allows the
ship router or forecaster to anticipate adverse
weather along ships' planned routes, then to
adjust these routes as necessary tor
most
efticient safe transit.

Figure 4
Electromagnetic Sensor Coverage Display
5.

c. Tactical effects graphics
These
include those displays that aid the
fleet
operator in making tactical decisions based on
and
known environmental effects on weapons
sensor systems and platforms, such as:

CONCLUSIONS

One can only imagine where visualization
techniques, propelled by constantly improving

technology,

will

be ten OF twenty

yeaFa

t~om

now . Displays in tour or even "five· dimensions
will be common ("aspect· being the fifth dimension). 'Flight Simulator· and "Nintendo" - type
animated displays could provide shipboard personnel with the capability to simulate environmental conditions during a selected period in
the future, or in preparation for a certain
exercise or event. This could be done by simply
entering a few basic parameters - perhaps even
via voice entry. Such simulation, of course,
will require skillful forecasts trom coupled
air-ocean numerical models, as well as automatic
ingestion
of
planned
ship
movements
(position/time) and pertormance characteristics
(pitch, roll, yaw) into the shipboard computer's
data base. The Navy's need for improved, customer-oriented visualization techniques - techniques that show mariners, aviators and wartare
commanders what they need to know quickly and
lucidly - are not unique. Such needs present a
significant challenge, oftering fruittul areas
of research and development both within the Navy
and in cooperation with academia .

* Acoustic propagation displays. These
include such products as sound ray traces, sound
propagation curves and acoustic loss diagrams.
* Electro-optical and
refractivity
effects. These include such products as Figure
4, a sample electromagnetic sensor coverage
diagram
based on
atmospheric
refractivity
effects.
4.2

:~0

I<

Planned Capabilities

Technology has now reached the point
where dramatic improvements in visualization
techniques can be made. The latest generation
of microcomputers , workstations and associated
off-the-shelf software open up whole new avenues
of visualization . Planned visualization techniques now being investigated at FLENUMOCEANCEN
for eventual operational implementation include:
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3.4

THE VIS-5D SYSTEM FOR EASY INTERACTIVE VISUALIZATION

Bill Hibbard and Dave Santek
University of Wisconsin
Madison, Wisconsin

1.

THE VIS-5D SYSTEM

2.

We wrote the VIS-5D software system to
help earth scientists understand their large and
complex data sets. VIS-5D runs on the Stardent
ST-1000 and ST-2000 workstations and generates
animated three-dimensional graphics from gridded
data sets in real time. It provides a widgetbased user interface and fast visual response
which allows scientists to interactively explore
their data sets. VIS-5D generates literal and
intuitive depictions of data, has user controls
which are data oriented rather than graphics
oriented, and provides the WYSIWYG (what-you-seeis-what-you-get) response familiar to users of
word processors and spread sheets. The result is
a system which is easy for scientists to use, so
that they can become the producers and directors
of their own animations. VIS-5D can be applied
to any data set in the McIDAS grid file format
and containing up to 50 million grid points.
Data sets containing hundreds of millions of grid
points can be resampled to this 50 million point
limit for interactive visualization.

FIVE-DIMENSIONAL DATA SETS

VIS-5D works with data in the form of a
five-dimensional rectangular grid of points. In
a FORTRAN or C program these data sets could be.
declared as arrays with five dimensions. Three
of the dimensions are spatial, one is time, and
one is used to enumerate multiple physical
variables. Thus these data sets sample a
spatial volume at a regular lattice of point~,
sample dynamics at multiple steps over a time
interval, and include multiple interacting
physical variables.
Although a five-dimensional grid may seem
like a specialized format, it is the usual
format for output from atmospheric simulations.
It is also a common output format for
oceanography and hydrology simulations, and for
some remote sensing instruments like radars
which can scan quickly enough to produce time
varying volumetric images. The most general
setting for the earth's physical systems .is
multiple variables over three spatial dimensions
plus time. Our five-dimensional rectangles are
just this setting, subject to discrete and
uniform sampling of space and time. Thus the
data format for VIS-5D is actually widely
applicable to earth science data. For
meteorological data the spatial dimensions are
often latitude, longitude and altitude and the
variables might be temperature, pressure,
moisture and three wind vector components. For
oceanography data the spatial dimensions are
latitude, longitude and depth and the variables
might be temperature, salinity, density and
three ocean current vector components. For
hydrology data the variables might be
proportions for different rock and soil types,
and three ground water flow vector components.

We were motivated to write VIS-5D by our
experiences using our 4-D McIDAS system running
on IBM mainframe computers (Hibbard and Santek,
1989). The 4-D McIDAS system generates threedimensional images in about 30 seconds each, with
another 30 seconds each to load the images into a
\.orkstation for animation. We used this system
to produce animated visualizations for many earth
scientists. They were constantly wanting to
change the animations and frustrated by the
turnaround time. They found the video tapes we
produced useful for public presentations and for
teaching, but not for their own insight into
their data sets, which they continued to get from
the two-dimensional graphics systems which they
could use directly. Thus we wrote the highly
interactive VIS-5D system which makes
three-dimensional graphics easy for scientists to
use directly (Tripoli, Hibbard and Santek, 1989).

The VIS-SD system provides a high degree
of interaction by storing the entire data set in
· the main memory of the workstation. Because of
its compressed formats, this can be up to 50
million grid points. For example, these SO
million points can be factored as 50 latitudes
by SO longitudes by 20 altitudes by 100 time
steps by 10 different physical variables. VISSD includes functions for managing much larger
disk based data sets, and for resampling them
down to smaller extents or to lower resolution
in order to fit the size limit for interactive
visualization. A factor of 2 reduction in

The VIS-5D system is available from the
University of Wisconsin Space Science and
Engineering Center as freeware. In addition to
the visualization software, it includes tools
for managing and analyzing large gridded data
sets, a skeleton program for converting external
data to the McIDAS grid file formats, documentation on how to use the software, and sample data
sets to practice using the software.
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resolution in time and space yields a 16 times
reduction in data volume, which would allow a
simulation data set of 800 million points to be
reduced to the 50 million point limit.
The VIS-SD system supports a data format
for trajectory paths, which are used to represent
wind, ocean currents, ground water flow, and other
motion fields, and a global topographical map data
set, which is useful for large scale earth based
data sets. The system includes a program for
calculating trajectories from gridded motion
vector fields, and management functions for
listing, copying, merging and deleting data sets.
3.

WHAT SCIENTISTS NEED

We accumulated considerable experience
producing visualizations with scientists using
our 4-D McIDAS system. Because 4-D McIDAS
requires an hour or more to produce each new
animation sequence, this experience gave us an
understanding of which types of changes to an
animation sequence earth scientists really care
about.
These are to:
A.

change the viewpoint in three dimensions.

B.

change the combination of simultaneously
depicted variables.

C.

change the depiction of a variable.
For an
iso-level contour surface this is a change to
the defining value. For contour lines on a
surface this is a change to the position of
the surface and the density of the contour
lines.
For trajectory lines, this is a
change to the density of the lines or placing
trajectories through specific points.

D.

E.

change the spatial extents of the depicted
region.

F.

calculate new variables from existing
variables, including arithmetic, differential
and integral operators.

G.

make objects semi-transparent.

H.

avoid depicting different variables using the
same color.

It is worth noting that the types of
controls the scientists care about relate to data
rather than graphics.
The value system of
scientists is very different from the value system
of film and television producers.
Scientists need
to clearly perceive three-dimensional geometry and
time dynamics, and thus require some minimum
standards of graphics quality. However, the
benefits of advanced photorealistic techniques are
often outweighed by the negative impact of their
computational difficulty on system response time
to user changes.
Of course, many of the controls
scientists care about are also computationally
difficult, and this results in compromises in the
user interface.

4.

THE VIS-SD USER INTERFACE

The goal of VIS-SD is to provide the
scientist with an easy user interface for
controlling the display, and fast visual response
to changes. The workstation should feel like a
steerable window which the scientist "flies"
through a huge data set, hunting for interesting
information hiding in the mass of data.
VIS-SD is able to present a simple and
intuitive interface to the scientist because it
deals specifically with the five-dimensional
rectangles of data produced by environmental
simulations, because it generates very literal
data depictions, and because it concentrates on
the data-oriented choices which scientists want.

change the time dynamics. This includes the
choice of whether to enable time stepping,
whether to step forward or backward (useful
for tracing effects back to their causes),
and how fast to step.
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Changes to defining levels of contour
surf aces and contour lines require a compromise
in the user interface, because of the
computational difficulty in computing new
polygons and vectors for their graphical
depictions. Ideally, the graphics would change
as the user moved the slider, and VIS-SD does
achieve this for changing altitude of contour
lines on some data sets. However, new contour
surfaces and complex contour line sets may
require a couple of seconds for computation.
When time dynamics are static, the new surface
replaces the old surface as soon as it is
computed. When time dynamics are animating, the
new surfaces appear asynchronously with the
animation sequence, gradually replacing the
surfaces for all the data set's time steps.

The figure above shows a scene generated by VISSD which is part of a video depicting cold fronts
moving across the North Atlantic. The data are
taken from a forecast for February 4, 1988 by the
European Center for Medium-range Weather
Forecasts. The scene shows a topographical map,
a transparent specific humidity contour surface
at 6.38 grams per kilogram, and pressure contour
lines at an altitude of 0.89 kilometers with a
spacing of 5 millibars. The small clock hand in
the upper left corner of the 3-D window shows
where the scene is within the data set's time
span. The highlighted widget buttons on the left
show that the map, Q (specific humidity) and P
(pressure) are enabled for display. The slider
widgets show the level of the Q contour surface,
the altitude and spacing of the P contour lines,
and the color (white) and transparency (0.55) of
the Q contour surface.

VIS-SD provides pop up slider widgets
which allow the user to change the color of
contour surfaces and lines and the transparency
of surfaces. When a data set includes ten
different variables, each depicted by both
surfaces and lines, it is hard to avoid multiple
graphical elements with similar colors. With the
color widgets the scientist can adjust the colors
as variables are viewed in different
combinations. The widget buttons used to enable
graphical elements for display are highlighted
with the color of the corresponding surface or
lines, to help the scientist identify which
graphics depict which variables.

The three spatial dimensions of the data
set rectangle are depicted with a single threedimensional box, and all the graphical elements
depicting the data set are drawn in this common
frame. The 3-D box contains either a static
depiction of a single time step, or an animated
depiction sequencing through the data set's time
steps. The graphical elements of the depiction
may include a topographical map, trajectory
lines, and iso-level contour surfaces and contour
lines for the data set's physical variables, all
drawn in the common geometry of the 3-D box. The
user can rotate, zoom and pan the 3-D box,
control the time stepping, and independently
enable or disable the depicted graphical
elements. This provides a very literal
representation of the five-dimensional rectangle;
the spatial dimensions are mapped into the 3-D
box, the time dimension can be animated, and the
physical variables can be viewed in arbitrary
combinations.

We have avoided other graphical cpoices in
our user int~rface. For example, there is a
single light source which is always placed
pointing along the view axis (actually there is a
second light source pointing the other direction
on the same axis to accommodate either sign of
surface normals). The surfaces are drawn
according to a Gouraud shading model with fixed
properties. In our experience these choices are
less interesting to scientists and they tend to
clutter up the user interface. Interactive
rotation is a very powerful way to understand 3-D
geometry, and these other controls offer only
marginal improvement. Surface properties like
specular highlights may actually be
counterproductive by slowing the response time to
interactive rotation. Surface property
techniques like texture mapping can be useful
when they are used to add data content to the
display, although we have not yet included
texture mapping into the VIS-SD system.

The intuitive feel of the user interface
is further enhanced by the fast response of VISSD to user controls. The 3-D box rotates, the
time steps, and the depictions of variables
appear and disappear, all within a fraction of a
second of the appropriate mouse movement or
button click. This immediate visual feedback is
a critical element of a word processor's or
spread sheet's user interface, and it is even
more crucial for scientific visualization
systems.
The McIDAS grid file format includes
information specifying the time and location of
each grid point, and the names of the physical
variables in the data set. VIS-SD uses this
information to generate a set of graphical
widgets appropriate to the data set, and to
automate the management of the components of the
data set. For example, VIS-SD creates widgets
for each physical variable, labelled with the
names taken from the grid file, which are used to
independently enable and disable graphical
depictions of the variables. It also creates
sliders for each variable used to change the
values of their iso-level contour surfaces, and
to change the altitude and density of their
contour lines. A change to a slider value is
applied to the appropriate variable for all the
data set's time steps.

5.

THE STRUCTURE OF VIS-SD

In order to maximize the size of the data
set for visualization, VIS-SD uses a compressed
format for the raw gridded data and the large
polygon and vector lists used to represent
contour surfaces and lines. The natural format
of these data is 4 byte floating point, but they
can be quickly compressed by a linear mapping
into 1 or 2 byte integers, depending on the
needed resolution. This compression allows a
data set of 50 million grid points plus its
associated polygon and vector lists to fit in
128MB of workstation memory.
The principal data structures of the VISSD visualization program include:
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A.

B.

C.

a five-dimensional array of bytes, containing
a compressed version of the raw gridded data.
This array is organized into a series of 3-D
spatial arrays indexed by time-step and
variable. Each variable has a separate
linear mapping for compression from its range
of values to 1 byte integers.
a linear array which is dynamically allocated
for the polygon and vector lists used to
represent contour surfaces and contour lines.
There is a polygon list and a vector list for
each combination of time-step and variable
(some lists may be empty), and an index by
time-step and variable into the linear array.
Vertex components are compressed by a linear
mapping from the box extents to 2 byte
integers, and normal components are
compressed by a linear mapping from the
interval (-1.0, 1.0) to 1 byte integers.
vector lists for trajectory lines. Each
trajectory is stored as a single poly-vector
with an index by time-step into the polyvector.

D.

a polygon mesh for the topographical map and
vector lists for the map boundary lines.

E.

a queue containing time-step and variable
indices identifying 3-D grids for which
contour surface polygon lists or contour line
vector lists need to be computed.

F.

arrays of values of iso-level contour
surfaces and altitudes and densities of
contour lines, indexed by variable.

G.

colors and transparencies for contour
surfaces and colors for contour lines,
indexed by variable.

H.

state information for the display, including
the current time-step, whether animation is
enabled, whether the map is enabled, whether
the trajectories are enabled, and the
transformation matrix for the 3-D to 2-D
projection. This state information also
includes arrays indicating whether contour
surfaces and contour lines are enabled,
indexed by variable.

I.

ordered lists of variables recording which
contour surfaces and lines have been most
recently enabled for display.

J.

intermediate structures used for computing
contour surfaces and contour lines from 3-D
grids.

VIS-SD runs under Stellix (UNIX System V
with Berkeley extensions) and X Windows Version
11 Release 3. The top level pseudocode for the
visualization program is:

PSEUDOCODE

read the data set into the compressed 5-D byte array
create the linear array for polygon and vector lists
initialize the polygon and vector lists to empty
initialize the contour surface and line queue to empty
if the user specified a trajectory data set
read the trajectory file
build the trajectory vector lists and time-step indices
end if
if the user specified a map
read the topography and map outline files
resample these map data to a reasonable resolution
build the map polygon mesh and vector lists
end if
set defaults for colors of contour surfaces and lines
set defaults for iso-levels of contour surfaces
set defaults for altitudes and densities of contour lines
create a window for the 3-D display
create widgets according to data set contents
initialize the display to the first time-step with no graphics
enabled and nominal 3-D to 2-D projection
fork into 4 parallel threads
thread 1
do forever
clear the display
render a rectangular box
render the map if enabled
render the trajectories if enabled
for each variable
if the contour lines are enabled
decompress the line vector list for the current time-step
render vector list according to color for the variable
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end if
end for
for each variable (in order of decreasing opacity)
if the contour surface is enabled
decompress the surface polygon list for 't he current
time-step
render polygon list according to color and transparency
for the variable
end if
end for
check for X events and widget callbacks
adjust the projection matrix according to mouse moves
toggle map enable/disable if requested
toggle trajectory enable/disable if requested
toggle contour surface and line enable/disables if requested
and re-order lists of variables recording which
have been most recently displayed
toggle time animation enable/disable if requested
if time animation is disabled
increment, decrement or reset time-step if requested
end if
change colors and transparencies if requested
change contour surface levels if requested
change contour line altitudes and densities if requested
if a contour surface or line recompute is requested
for each time-step
if time animation is disabled and time-step-current
add the selected variable and time-step to the head
of the queue
else
add the selected variable and time-step to the tail
of the queue
end if
end for
end if
exit visualization program if selected
end check for X events and widget callbacks
if time animation is enabled
increment the time-step
end if
end do forever
end thread
threads 2, 3 and 4 (they are identical)
do forever
if the queue contains any contour line requests
remove the first request for contour lines
decompress the 3-D grid for time-step and variable
compute contour lines at altitude and density for variable
compress vector list for lines
deallocate previous vector list for time-step and variable
if there is not adequate free space in the linear array
delete the least recently used vector and polygon lists
until there is adequate space
end if
allocate space in linear array and insert vector list
add index to vector list for time-step and variable
else if the queue contains any contour surface requests
remove the first surface request
decompress the 3-D grid for time-step and variable
compute contour surface at iso-level value for variable
compress polygon list for surface
deallocate previous polygon list for time-step and variable
if there is not adequate free space in the linear array
delete the least recently used vector and polygon lists
until there is adequate space
end if
allocate space in linear array and insert polygon list
add index to surface list for time-step and variable
end if
end do forever
end thread
end fork
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difficult to do with fast enough response for
interactive rotation.

The ST-1000 and ST-2000 execute four
instruction streams in parallel, so VIS-50 forks
into 4 threads to take advantage of this
parallelism. The X server is also a heavy
computing load while VIS-50 is running and
increases parallelism. Because fast response is
important to VIS-50, data should be accessed from
main memory rather than disk. VIS-50 allocates a
single large array from which to allocate polygon
and vector lists in order to control the total
use of main memory. This way it can avoid paging
delays which would occur if allocated memory
became significantly larger than physical memory.
The parallel threads implement critical
sections where simultaneous access to common data
structures .could cause interference. This true
for insertion and deletion in the queues, the
allocation and deallocation of space in the
linear array, and reading and updating the
polygon and vector lists and their associated
index.

F.

provide interactive analysis operations on
the 5-D grid of data, including arithmetic,
differential and integral operations. This
is an open ended area of development, often
dependent on the particular source of the
data set.

G.

increase the size of the data sets which can
be interactively visualized. This applies to
the total 5-D rectangle and the number of
grid points in the spatial 3-D box. Assuming
the current level of interactivity, this
depends on faster workstations, larger
memories, and disks fast enough to support
interactive access.

VIS-5D is aimed at 5-D data sets similar
to those produced by weather models. We are also
interested in developing systems for
interactively visualizing and analyzing large
image data sets. The same workstation technology
which makes VIS-5D possible can also be exploited
for radical new ways of processing image data,
although the overall structure of such an
application may be quite different from VIS-5D.

VIS-50 uses Stardent's XFDI library of 3-D
extensions to X for rendering, using a Z-buffer
and RGB true color. We also use a modified
version of Stardent's LUI widget library, which
is part of their Application Visualization System
(AVS).

7.
6.

We wish to thank Dave Kamins and Jeff
Vroom of Stardent Computer, Inc., and MarieFrancoise Voidrot-Martinez of the French
Meteorology Office for their help. We also wish
to thank the many scientists we have worked with
and NASA Marshall Space Flight Center for their
support (NAS8-36292). This paper was also
presented at the IEEE Visualization '90
Conference.

We have received numerous suggestions for
additional functions for VIS-50 from scientists
as well as shortcomings which we recognize. So~e
of these are to:
A.

include contour lines drawn on vertical
planes which can be arbitrarily positioned.
This is currently being developed.

B.

dynamically calculate trajectories through
space-time points specified with a 3-D
cursor. This is currently being developed.

C.
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represent planes through 3-D grids with
pseudocolored images in addition to the
current contour lines. This would be useful
for radar data which are less smooth than
model data.

D.

texture map satellite images onto surfaces in
the 3-D box.

E.

render 3-D grids as transparent fogs, often
referred to as volume images. This may be
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3.5
VISUALIZATION OF SATELLITE DERIVED TEMPERATURE SOUNDINGS:
A NEW TOOL FOR QUALITY CO'JTROL
Donald J. Boucher1
Francis P. Kelly2
Gregory G. Pihos3
Arlene M. Kishi1
1Aerospace Corporation, DMSP Sensors and Display Laboratory
2Defense Meteorological Satellite Program Office, USAF
3Aerospace Corporation, Image Exploitation Department
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1. INTRODUCTION
Quality control of satellite temperature soundings
can be performed by an analyst, a computer, or a
combination of the two. Simple visualization techniques
(i.e. converting satellite soundings into imagery) are
presented as tools for the analyst to rapidly scan large
satellite datasets. Questionable data can be isolated
quickly and "bogusing" performed as appropriate. In
order to illustrate these simple techniques, a Defense
Meteorological Satellite Program (DMSP) dataset of
derived soundings from the Air Force Global Weather
Central (AFGWC) has been obtained and analyzed.
2. THE DMSP SSM!T DATASET
DMSP currently operates two cross-track
scanning microwave radiometers operating in the 50-60
GHz oxygen absorption band. The orbits of the DMSP
spacecraft are circular sun-synchronous at an altitude of
833 km with ascending nodal times of 0615 and 0930.
The nominal footprint of the SSM/T at nadir is 175 km
with 7 beam positions or footprints forming the 1500
km field-of-view. Figure 1 shows seven successive
revolutions of one spacecraft and the resulting
instrument coverage. The temperature retrieval
algorithm for the SSM/T at AFGWC is the statistical
method of Rigone and Stogryn (1977). The algorithm
yields temperature at 15 levels and thickness between
each level with typical RMS errors given in Figure 2.
The DMSP data to be presented was gathered at AFGWC
during the first ten days of October, 1987.

Figure 1. Coverage of seven successive DMSP SSM!T swaths.
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3. VISUALIZATION TECHNIQUES
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Two dimensional interpolation has been
performed on the soundings
at a given level of the
atmosphere and scaled appropriately into an 8 bit pixel
for display.
Figure 3 illustrates the results of the
soundings to image conversion and represents the derived
temperature image at the 500 mb level and corresponds
to the coverage illustrated in Figure 1. Although this
interpolation scheme introduces some smoothing into the
image, the nearest actual temperature value will be
displayed whenever the analyst interrogates a pixel in
the image. It should be noted that the "earth from space"
projection of Figure 3 was chosen for convenience and
that other map projections are easily accommodated.
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Figure 2. Error statistics for mid-latitude (30-60 North)
SSM!T derived temperature soundings.
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4. QUALITY CONTROL

It is interesting to compare this derived image to
the 500 mb temperature analysis (Figure 4) from the
AFGWC objective analysis system after assimilation of
the SSM/T soundings. A great deal of detail is lost in the
analysis when compared to the derived imagery. This is
not surprising since the resolution (distance between
grid points) of the objective analysis system is typically
half that of the SSM/T.

AFGWC ingests a vast amount of satellite
soundings in a typical 6 hour forecasting cycle. The size
of, and the timely use of, the satellite databases
effectively rules out the inspection of each sounding by
an analyst. A substantial improvement in the timely
quality control of a satellite soundings database can be
made by the simple visualization techniques suggested
above and by introducing the technique of computer
assisted "bogusing."
The "bogusing" of satellite temperature soundings
is simply the replacement of a temperature value at a
given level with a new estimate. Operationally, the
analyst would retrieve the latest orbit(s) of data and
construct imagery by level mapped to a projection of
interest. A mouse could be used to roam over the derived
imagery with a continuous readout of temperature
displayed. The analyst would select a location (ie .
. sounding) and decide whether or not to edit the
information. If the data is updated by the analyst, the
pertinent area of the image is recomputed and displayed
along with the unchanged area of the original image. The
new image information is then used to update the
operational database. The "bogused" points are also
maintained in a separate file, indexed by level and
location. This file could for example be displayed over the
imagery at a new level in order to inspect the vertical
continuity of the sounding. Should the entire sounding be
suspect, the analyst would have the option of displaying
the sounding in a conventional Skew-T Log-P format.
It is planned to test this methodology
operationally at AFGWC and let the analysts responsible
for the quality control of the AFGWC geophysical
databases evaluate the speed and utility of the
visualization and database modification (i.e. "bogusing")
techniques.

Figure 3. 500 mb temperature derived imagery from the
QMSP SSM/T data illustrated in Figure 1.

5. CONCLUSION
The quality contrnl of large satellite derived
geophysical databases can be an intensive task. Simple
limit checks by a computer do not provide the needed
quality control required by downstream applications
(e.g. numerical models). In this paper, it is suggested
that the computer be used to generate imagery from
satellite derived atmospheric parameters (ie.
temperature) for display. The analyst would be able to
visualize large datasets and "bogus" or interactively
change suspect data values rapidly. The "bogused" data
values would be placed into the database and a new image
computed and redisplayed. These simple visualization
tools maximize the power of the computer to generate
displays and the ability of an analyst to perform .rapid
image processing.
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Figure 4. Imagery of a global analysis of 500 mb temperature
. including the assimilation of SSM/T data.
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3.6

THE "3JM (IMPROVED INITIALIZATION INVERSION) INTERACTIVE 3D SOF'IWARE
TO PROCESS, ANALYSE AND DISPLAY NOAA/TOYS DATA

N. HUSSON, B. BONNET, Y. TAHANI, C. CLAUD, N.A. SCOTT, A. CHEDIN
Lahoratoire de Meteorologie Dynamique du CNRS
Ecole Polytechnique, 91128 Palaiseau Cedex, France

1.. INTRODUCTION

the Microwave Sounding Unit (MSU), a microwave
radiometer with 4 channels in the vicinity of 55 GHz.

Aiming at the three dimensional analysis of the
Earth's atmosphere structure from observations of the
US operational meteorological TIROS-N/NOAA series,
algorithm "31" (Improved Initialization Inversion) has
been developed, in the past years, at Laboratoire de
Meteorologie Dynamique du CNRS (LMD/CNRS), Ecole
Polytechnique, France, see Chedin and Scott (1983),
Chedin et al. (1985b). It is currently applied to
atmospheric research from mesoscale meteorological
studies (fronts severe weather, polar lows, etc ...), which
interfere with larger scale evolution of the atmosphere,
to global scale medium term forecasting (cooperation
ECMWF - European Center for Medium Range Weather
Forecasts), see Chedin (1988), Chedin et al. (1989).

The spatial resolution of the infrared sounder is ·
about 17 km at nadir, whereas the spatial resolution of
the microwave sounder is 100 km at nadir with a swath
width of about 2200 km. Presently there are two
operational TOYS satellites. At low latitudes each
satellite observes a point on the earth every 12 hours,
but at high latitudes, overlap between swaths allows
more frequent sampling.
Besides the TOYS instrument, there is also an
imager aboard the NOAA satellites, the Advanced Very
High Resolution Radiometer (AVHRR), with a spatial
resolution of I.I km at nadir.
The 31 procedure is a physico-statistical type
method relying on a pattern recognition approach
(Chedin et al., 1985a). It is a physical type method since
it requires a theoretical simulation of atmospheric
transmittances that directly enter the inversion process
itself (Scott & Chedin, 1981). It is a statistical type
method since it relies upon an a priori knowledge of the
observations (the brightness temperatures in each
channel of the vertical sounder) ai!f well as of the
parameters (the atmospheric structure). This a priori
knowledge is contained in a large data set, the TIGR
(TOVS Initial Guess Retrieval) data set, created once and
for all, and comprising for all possible observing
conditions (viewing angle, surface pressure, surface
emissivity) and for about 1200 atmospheric situations
covering the whole globe, the transmittance profiles and
associated brightness temperatures for each of the TOVS
channels and the partial derivatives of these brightness
temperatures with respect to such or such atmospheric
parameter (Jacobian). Provided the observed brightness
temperatures correspond to clear areas or have been
properly "cleared", the 3I procedure follows two principal
steps :

The purpose of this paper is to recall some
specificities of the "3I" retrieval method which pays
considerable attention to the choice of the initial guess
which, in particular relies upon the use of satellite
observations themselves. The "3I-MAGE" associated
plotting software will be described.
At the time of the conference, graphic illustrations of specific case retrieved features such as :
atmospheric temperature and moisture fields, cloud
detection and field analysis (top pressure/temperature),
surface temperature, sea ice and snow detection will be
displayed. Recent results from the SSM/I (Special Sensor
Microwave/Imager) aboard the operational DMSP
(Defense Meteorological Satellite Program) series will
also be shown and compared to TIROS-N Operational
Vertical Sounder (TOYS) products, in particular those
concerning integrated water vapor field.
2.

OVERVIEW of the 3I ALGORITHM

A brief review of the essential aspects of the 3I
method is presented in the following.

a. Retrieval of the initial guess solution : the observed
clear column radiances are first used to retrieve the
"best" initial guess solution in a statistical sense. The
procedure makes use of the "TIGR" data set. The
selected set of observed brightness temperatures is
"compared" with each of the computed sets of
brightness temperatures and the "closest" is retained.
This search for the closest archived situation may be
carried out by considering either all the HIRS-2 and
MSU channels or more restricted brightness
temperature sets emphasizing such or such property
in the atmosphere, for example : a set of channels
almost insensitive to clouds. Several situations, close
to the observed one, may be averaged to give the
initial guess solution.

The 31 algorithm makes it possible to retrieve
geophysical parameters such as : air mass type,
temperature profiles (or geopotential thicknesses),
thermal winds, cloud heights, cloud amounts, total water
content, relative humidities in 3 layers, microwave
emissivity for sea ice detection, from space multispectral
radiometric measurements made by the three TOVS
vertical sounding instruments aboard the US NOAA
satellite series :
the High resolution Infrared Radiation Sounder
(HIRS-2), a radiometer with 19 channels in the
infrared band (from 3. 70 to 15.00 µm) and one in the
visible band (0. 70 µm) ;
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2 .1.

b. The baai1 for the retrieval of the •exact" 10lution ia a
maximum probability eatimation procedure aimed at
minimizing the differences between the brightness
temperatures associated with the initial guess and the
observed ones. Use is made of the Jacobian associated
with the retrieved initial guess also archived in the
"TIGR" data set. At present, the spatial resolution of
the 31 algorithm is a compromise between the spatial
resolutions of the two major sounders aboard the
NOAAs : HIRS-2 and MSU. Retrievals are made for
"boxes" of 2 to 4 (according to the viewing angle)
HIRS-2 spots along the scan line by 3 HIRS-2 spots
along the sub-orbital track. Such boxes approximately
represent a surface of 100 x 100 km (see Fig. 1).
However, in order to increase the density and check
the coherence of the results, an oversampling is
introduced along the sub-orbital track anti one
retrieval is produced every 100 x 30 km , two
consecutive boxes sharing two scan lines.

Inteepolation

Since the 31 algorithm inputs various inform&tion
at different spatial scales (e.g., HIRS and MSU satellite
data, and topography information), an interpolation must
be performed before any other processing. The spatial
resolution of the 31 outputs is a box of about lOOxlOO
km. However, one step of the algorithm, the cloud
detection, is done at the highest available resolution : the
HIRS spot. Input data are therefore interpolated on this
grid.
2.2.

Cloud detection

Because most of the HIRS infrared radiances can
be contaminated by clouds, one must determine whether
or not the sensor field-of-view contains any clouds before
any further utilization of the data. This is performed
with a series of tests that intercompare or compare the
observed radiances to ancillary information (e.g. a
forecast of the surface temperature). These tests, based
initially on the work of McMillin et al. (1982), have been
improved progressively (see, for instance, Wahiche et al.,
1986, and Chedin, 1988).

The seven principal processing steps of the 31
algorithm can be outlined as follows :

201.7 km
HIRS/2 CALIBRATION PERIOD

- -- - 47 .37°
~!----------

Fig. 1

- - - - - - - --

----------

4

.5°-1119.9 km - - - - - - - · -·

1173.6 km

HIRS-2 and MSU scan patterns projected on the Earth's surface. Retrievals consisting of
three scan lines and four (small viewing angles) to two (large viewing angles) HIRS
spots are made for each box. There may be an oversampling along the y-axis (suborbital
track) : two consecutive boxes sharing two scan lines. The ten divisions, from nadir to
limb, correspond to the ten viewing angles sampled.
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2.3.

Cloud clearing

TOVS CHANNELS
TOPOGRAPHY FILE
SURFACE PRESSURE (forecast)
SEA SURFACE TEMPERATURE
(operational gridded product)

Similar to other retrieval algorithms, the
inversion process itself in the 3I method is designed to
work with "clear" radiances; that is radiances that would
be seen for the same atmospheric profile but without the
presence of clouds. The "clearing" of TOYS radiances is
accomplished using the so-called \JI-method that makes
use of the TIGR dataset. A compl~te description of this
step can be found in Chedin et al. (l 985b) and Chedin
(1988).
2.4.

E

Proximity recognition

R DATA SET
one
I S
ITIAL GUESS SOLUTION
iteration I rt ""n rt;
~ARING (w-method)

Temperature retrieval

A search is made in the TIGR dataset for the sets
of brightness temperatures (BT) that most closely
resemble the observed one, taking into account the
various observing conditions (e.g., viewing angle, surface
type, and elevation) (Chedin and Scott, 1983). The
corresponding atmospheric situations are then averaged
and used as a first guess for the actual inversion process,
a bayesian estimation approach (Chedin et al., l 985a)
and uses the Jacobians dBTi/d~i!Twhere B_Tl. is one of the
TOYS brightness temperatures v1IRS or M~U) and T- is
the atmospheric temperature, associated in the TJGR
dataset to the closest situation.
2.5.

l
!

INITIAL GUESS
!

INVERSION OF RADIATIVE TRANSFER EQUATION
IN TEMPERATURE
!

CLOUD PARAMETERS
!

CLOUD CLEARING OF H2 0 ·SENSITIVE CHANNELS
!

INVERSION IN HUMIDITY AND SURFACE TEMPERATURE

Cloud parameter retrieval

!

END OF 3I PROCESS

Cloud top pressure and effective cloud amount
(i.e., nebulosity times cloud emissivity) are estimated
through a complex procedure (method of coherence of
effective cloud amounts) that is explained in Wahiche et
al. (1985). The cloud top temperature is then simply
computed based on temperature profiles and cloud top
pressure information.

Fig. 2

Flow chart of the on-line 3I system.

Computer requirements
2.6.

Water vapor and surface temperature retrieval
The 3I system is composed of four Fortran codes
and several datasets (i.e., topography file, TIGR,
regression files). This system is currently running on
different computers, from the vectorized supercomputer
SIEMENS VP200 to a MicroVax II. The datasets required
by 3I algorithm occupy 50 Mb of disk space and can be
easily implemented on any minicomputer such as a
MicroVax. The CPU time needed to process one satellite
pass, which represents about 2500 retrievals at 100 x 30
km resolution (oversampling), is from 10 seconds on the
Siemens VP200 computer (vectorized version) to 20
minutes on a MicroVax II. With the 3I system on a
minicomputer, operational processing of TOYS data is
therefore possible at any HRPT receiving station that
generally acquires 4 satellites passes per day (2
operational satellites).

Once one has found a temperature profile close
enough to the observed one as well as the cloud
parameters, is then possible to determine the exact
atmospheric contribution to the observed radiances and
therefore to extract the water vapor and surface
temperature terms. Water vapor for three different layers
(1000-800, 800-500 and 500-300 hPa), total precipitable
water vapor and surface temperature are retrieved
simultaneously with a ridge-type estimation procedure.
Recent developments have been brought to the water
vapor algorithm and an evaluation procedure has been
developed relying on the possibilities offered by new
instruments like SSM/I (Special Sensor Microwave
/Imager) radiometer aboard the US operational
platforms DMSP (Defense Meteorological Satellite
Program). First results are presented in Tahani et al.
(1990).
2.7.

3.

THE "3I-MAGE" PLOTTING PACKAGE FOR 3I
SYSTEM INPUT AND OUTPUT DATA
INTERACTIVE DISPLAY

Computation of geopotential thicknesses
For one NOAA satellite pass over a selected area,
the final result of the 3I processing is represented by the
so called "3I output file" described in the 3I user's guide.
It is a direct access type file with one header record and
a series of data records : one record per box organized
paralell to the sub-satellite track ("isosecant lines"). See
Fig. 1. Each record comprises 297 words providing the
whole information associated with a box, from the
satellite input data to the retrieved geophysical
parameters as output data, including topography,
geography, time, as well as results of numerous tests,

Finally, knowledge of the temperature and watervapor profiles allows one to compute the virtual
temperatures for chosen levels which are proportional to
geopotential thicknesses.
.The 3I system is presently in use at numerous
centres in the world, for both research and routine
applications. Its on line processing is summarized on a
flow chart (Fig. 2).
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made all along the 31 process, etc ... In order to be
evaluated, intercompared and validated, retrieved
geophysical parameters need to be interactivel.y displayed
on standard geographic maps. Analysis of tliat kind of
product may often help in isolating prublems specific to
a given pass and consequently helps in i.d entifying the
proper solution, thus improving the overall quality of the
processing. All these considerations have led us to
develop the "31-MAGE" plotting software, specific to the
31 system, in the sense that it is performed sequentially
to 31 and providing the capability to visualize any of the
297 words of information contained in each box.

HEADER RECflRD( 1 RECORD PER FILE)
NAME

3.1.

: INTEGER

1
2

DATE OF SATELLITE PASS
yymmdd
STARTING TIME FOR DATA
hhmmss
ENDING TIME FOR DATA
hhmmss
NUMBER OF HIRS-2 LINES
SATELLITE IOENTIFICATION
X•noaa-x: x•9. 10, 11 ..
IDENTIFICATION OF THE ORBIT
NODE: 1--> NORTHBOUND NODE; -1--> SOUTHBOUND NODE
DECREASING PRESSURE VALUE AT STANDARD LEVELS in
HPA
NOT USED
NUMBER OF STANDARD LEVELS TO WHICH THE "3I • RETRIEVED TEMPERATURE ARE PRESENTED
TOTAL NUMBER OF RECORDED LINES ON PLOTTING FILE
(INCLUDING HEADER RECORD)

5
6
7
8-22
22"'110
111
112

SCALE
FACTOR

NAME
OR 31
WORD

I

IYMD
IT BEG
IT END
NHIRL
IOSAT
IOOB
NODE
!PST
•100
NST
NR

additional comments to data records description
not used words : 999999
» f o r date identification:
:
:
>> for time identification

PLOT31 Vectorial mode image system

yy
mm
dd
hh
111111

PLOT31 is a FORTRAN software including
vectorial mode GKS plotting routines. It found its origin
in a software developed at the British Meteorological
Office, Bracknell, UK. Original contour plot routines
have been created and adapted to the spatial density of
the 31 retrievals. Special attention has been paid to the
obtention, using particular objective analysis techniques,
of reliable gridded values from the irregular data fields
to process (lacks of information in the radiometer
calibration zones or where automatic algorithm
rejections occur). Two principal processing steps are
included in PLOT31.

: ss

Fig. 3a

---->year
----> month
----> day
----> nour
minute

---->
---->

second

31 Plotting file data record organization.

DATA RECORD( 1 RECORD PER BOX ORGANIZED ALONG ISOSECANT LINES)
NAME

ar:IDE

:IBINT

WORD

The first step generates, from the general 31 output
file, the so called "31-Plotting" file. This file is a direct
access file including a header record with general
information on the processed orbit and following data
records (1 record per box organized along isosecant
lines) with 112 words per record. These words
represent a selection among the 297 ones available
from 31 system. Organization of the header record and
of data records is presented in Figs. 3a and 3b (from
31-MAGE user's guide). The maximum file length is
optional and the value of 2500 is just recommended.

4
5-19

20-34

50
51
52
53
54
55
BO
81
82
83-87

The second step displays interactively, upon request,
in a point plot or contour plot mode any of the data
fields corresponding to words 4 to 112 of 31-Plotting
file.

88
89-93
94
95

An illustration of thermal winds plot is given on
Fig. 4, for the two NOAA-10 coupled orbits 5589 and
5590, respectively at 18~22 and 20:02 UT, October 15,
1987. That day, a fast moving very active depression
caused extremely severe damage in southern England
and western Europe.
3.2.

DIMENSION : 112

DESCRIPTION

3
4

"31-MAGE" package consists of two series of
plotting codes :
- a vectorial mode image system : "PLOT31" ;
- a raster mode image system : "FIL31".

MODE

:IBINT

WORD

96
97-101
102
103
104112

FIL31 raster mode Image system

FIL31, a raster UNIRAS FORTRAN plotting code,
has been conceived in close connection with the 31system, with the purpose of displaying all the input and
retrieved information related with one (or more) NOAA
orbit(s). Interactively with a 31-process run, any of the
297 word fields from the output file, can be _plotted in
Raster point plot mode, providing all the necessary
information to analyze in detail the physics of a
meteorological situation. Default pre-processed colour
scales are available.

: INTEGER

DIMENSION : 112

DESCRIPTION

SCALE
FACTOR

LATITUDE OF THE BOX.IN DEGREES
LONGITUDE OF THE BOX, IN DEGREES
TIME FOR THIS SOUNDING, HOURS(HH),MINUTES(MM),
SECONDS(SS)
SURFACE ELEVATION, IN METERS
31" DERIVED THICKNESSES BETWEEN PAIRS OF CONSECUTIVE STANDARD PRESSURE LEVELS( IN DECREASING ORDER OF THE PRESSURE) . SEE WORDS 8-12 OF
HEADER RECORD FOR PRESSURE VALUES, IN METERS
31-RETRIEVED TEMPERATURES AT STANDARD PRESSURE LEVELS. WORD 20 CORRESPONDS TO THE LOWEST
LEVEL PRESSURE VALUE. FOLLOW! NG WORDS CORRESPOND TO DECREASING PRESSURE VALUE, INK
SURFACE TEMPERATURE, IN K
CLOUD TOP PRESSURE , IN HPA
CLOUD AMOUNT ( LW)
, IN "
FLAG CLEAR/CLOUDY OR CALIBRATION
AIR MASS CLASSIFICATION
NUMBER OF RETRIEVALS CORRESPONDING TO A DIS TANCE LESS OR EQUAL TO DISMIN (SEE WORDS 19-21
OF "3I+THICK31" OUTPUT FILE HEADER RECORD)
31-RETRIEVED RELATIVE HUMIDITY <500-300> HPA,IN1'
31-RETRIEVED RELATIVE HUMIDITY <800-500> HPA,IN"
31-RETRIEVED RELATIVE HUMIDITY <1000-800> HPA,IN1'
31-TOTAL WATER VAPOR CONTENT BETWEEN 400-300,
500-400, 700-500, 850-700 AND 1000-850 HPA, IN G/CM2
31-TOTAL WATER VAPOR CONTENT, IN G/CM2
FROM FORECAST TOTAL WATER VAPOR CONTENT BETWEEN
400-300,500-400, 700-500,850-700 AND 1000-850 HPA,
IN G/CM2
FROM FORECAST TOTAL WATER VAPOR CONTENT, IM G/CM2
DIFFERENCES BETWEEN QUANTITIES OF WORDS 88 AND 94
IN G/CM2
SAME AS WORD 95 . SET TO MISSING VALUE IF THE RETRIEVAL HAS BEEN ELIMINATED BY TWO SIGMAS STATISTICS ELIMINATION TEST .
31 OR FROM FORECAST (see comments below) TOTAL
WATER VAPOR CONTENT BETWEEN 400-300,500-400, 700-500, 850-700 AND 1000-850 HPA, IN G/CM2
31 OR FROM FORECAST (see comments below) TOTAL
WATER VAPOR CONTENT BETWEEN, IN G/CM2
'
NOT USED
9 THERMAL WINDS CALCULATED GEOSTROPHICALLY FROM
THE LOCAL GRADIENT OF THE THICKNESS FIELD FOR
STANDARD LAYERS OF 31,l.E . ,1000-850,1000-700,
1000-500, 1000-400, 1000-300.1000-250, 1000-200,
1000-150, 1000-100 HPA
FORMAT: DDDFFF
DDD:DIRECTION IN DEGREES
FFF :SPEED IN M.S-1

•100
•100

NAME
OR 3I
WORD

I

29
30
37
35
234248

•100
233219
•100
•10

267
278
276
44
24
64
264
265
266

•1000
•1000
•1000
•1000

268
IHCOU
ITOT
IDIF

•1000
IDIF2S
IBIS
•1000
IBIS
•1000

additional comments to data records description
»

not used words or missing data are set to the default value: 999999

»

winds are calculated in the second step PL03I2.Note that for this
version of plotting code the pressure levels 1000 and 850 hpa must
be among the "31" standard levels

>> words 97 to 102 correspond to water vapor f1elds filled either w1th
"3I" retrievals, If ava11able,or with forecast data (including calibration zones)

Fig. 3b
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TOVS processing system Is designed to complete
the AVHRR system provided with MS21 NOAA/HRPT stations.

MAIN FEATURES
• Host computer : MICROVAX
• Suitable for raw data or level 1B
tapes
• Image processing sub-system
- image enhancement
- meteorological products generation
- AVHRR composite images
- color printing facilities
- PC/AT configuration
- high resolution color screen
11
•
3i 11 software package
- atmospheric temperature and moisture
profiling
- large climatological Data Base
- other atmospheric parameters
calculation :
. geopotential heights
. geostrophic winds
. cloud detection and field analysis
. rain detection
. sea ice/snow detection
. surface temperature

Fig. 5a
MATRA-MS21 NOAA/HRPT station brochure (page 1) (by courtesy of MATRA-MS21).
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TOVS PROCESSING SYSTEM

THE "31" SYSTEM
"3i" software package (Improved
Initialization Inversion), developed
by LMD/CNRS (*), is currently on use in
many canters for mesoscale
meteorological studies (fronts, severe
weather, polar lows, ...), which interfere
with larger scale evolution
of the atmosphere.

Specificities of this non iterative physical
method are:
- the determination of the initial guess
solution from pattern recognition using
a large climatological data base
(TIGR : TOVS Initial Guess Retrieval)
consisting at present of about 1800
representative atmospheric situations
- a maximal use of a priori information
in the final estimation of
the geophysical parameters.

The strong gradient associated with a very devastating storm Is
clearly seen.
blue : cold ; red : warm

38, boulevard Paul Uzannt • Gvyancourt
~.P. 235
f.78052 SAINT.QUENTIN-EN·YVELINES CEDEX
T"'i>fiont: PI 30.60.72.22 • T""°x: (1) 30.60.90.15
T~: 699039 F

MS21 reserves the right to modify without prior notice
thA r..huar.t,..rljttlr.A and oer'lormances described herein.

Fig. 5b
MATRA-MS21 NOAA/HRPT station brochure (page 2) (by courtesy of MATRA-MS21).
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THE CONCEPTION OF A NEW SYSTEM FOR VISUALIZATION OF METEOROLOGICAL AND
CLIMATOLOGICAL DATA AT ECMWF

3. 7a

G.Camara1 and J.Daabeck
European Centre for Medium-Range Weather Forecasts (ECMWF)
Reading, United Kingdom

1.

INTRODUCTION

This paper describes a new generation of a
visualization system for meteorological and
climatological data that is aimed at existing and
emerging weather prediction centres such as
ECMWF and CPTEC, Brazil. Many of the ideas
used here are based on a mainframe utility
designed and developed at ECMWF also called
METVIEW.

The introduction of a new generation of
super-computers and workstations that are
based on several common platforms (UNIX,
X-WINDOW, NFS, ISO/OSI) paves the way for
meteorological visualization software systems
that benefit from these environments. The
growing trend for NWP centres towards using
UNIX based systems only reinforces the needs
for such systems.

The following table provides a basic comparison
between the current and next generation of
meteorological software development platforms:

Current generation

Next generation

Processing

Centralized

Distributed

Operating systems

(various)

"UNIX''

User platform

Mainframe Terminal

Workstation

User interface

Language-based

Window-based
Icon-based

Graphics applications

20 plots

2D plots enhanced by
2D/3D interactive
· visualization

1

-

G.Camara is on leave from INPE/CPTEC (Institute for Space Research,
Centre for Weather Prediction and Climate Studies), Brazil.
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The newly available set of tools will make it
possible to implement a series of ideas and
concepts whose realization was more difficult
with the systems previously available. It is
appropriate to think of the principle "your
thoughts are limited by your language". In
computer science terms, the language would
encompass the development tools available
(languages, operating system, DBMS and
user-interface systems).

2.

The processing may be done either
locally at the workstation or at a central
computer that drives the workstation
display.
At ECMWF, METVIEWis to be integrated in the
existing working environment. To that end, it will
have clearly defined interfaces to suitably
implemented versions of ECMWF'sapplications,
such as Meteorological Archival and Retrieval
System (MARS) and Meteorological Graphics
Integrated Colour System (MAGICS), Daabeck
et al (1989, 1990).

GENERAL OBJECTIVES

The design objectives of METVIEW are:

The logical design of the system includes four
subsystems:

To provide a platform for the
development of meteorological
visualization software;

A window-based interactive menu;
A visualisation system;

To provide an interactive environment
for the 2D and 3D visualisation of fields,
observations and images;

A meteorological data base;
A data manipulation subsystem.

To provide an interactive environment
for the retrieval of meteorological data;

Application interfaces between each of these
subsystems need to be defined to enable the
independent development of each one.

To provide tools for the manipulation of
meteorological data, including
derivations of new fields, comparisons
and verifications;

3.

TOOLS AND TECHNIQUES

The status of tools is such that a prototyping
phase is needed to decide which are the most
appropriate tools. Among those likely to be
established are:

To be based on "de jure" or "de facto"
standards to the extent possible and
thereby achieve independence of any
particular hardware platform.

3.1
The user perspective for METVIEW is as
follows:

Programming languages

Standard FORTRAN n will still be used, but a
shift towards C and C++ is likely.

The users are research scientists and
meteorological analysts in a NWP
centre using a workstation with network
access to a supercomputer;

3.2

Window interface management
systems

The consensus in this area is that an X-based
graphics user interface should be used. As the
functionality of the window systems is going to
higher and higher levels, it is now possible to
set up user interfaces in an interactive manner:
the developer establishes the user interface he
wants and a program will generate calls to an
X-toolkit in C code. This is bound to have a
significant effect on speeding up software
development for such environments. Such
products are currently available both for OPEN
LOOK and for MOTIF.

The workstation will be used for data
retrieval, data manipulation and
visualization;
The workstation is linked via a network
whose facilities provide transparent
access to the data. Therefore,
METVIEW will assume that data are
stored in the most suitable place and
will make no distinction between local
and remote files;
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3.3

Graphics standards

4.2

Currently available graphics standards (GKS,
PHIGS) are not fully compatible with the Xwindow system. Therefore, as a rule, GKSbased applications (especially those which rely
on logical input facilities) cannot be fully
integrated into the X-environment. However, it is
possible to envisage an environment where an
output-only GKS application (such as
MAGICS/GKS) could be embedded into an Xbased system, Souza et al (1990).
3.4

The visualisation sub-system should be able to
provide a multi-purpose environment, that
integrates both 20 and 30 functions and is able
to take advantage of hardware evolution.
Interactive 30 visualisation can provide new
insights if the frame rate can provide a
perception of continuous motion. These
techniques can provide means of resolving
ambiguities present in 30 static Images. Current
use of these methods is still limited due to
hardware performance issues.

Graphics tools

In developing the METVIEW concept, strong
consideration is to be given to available tools
that facilitate creation of visualisation
applications, such as AVSand Wavefront. These
tools go beyond the level of providing graphics
libraries such as GKS and PHIGS and allow
software components to be combined into a
visualisation application. The modules available
for such tools include facilities such as 30
volume rendering. In practice, facilities like 30
volume rendering require the most powerful
workstations currently available.
3.5

Meteorological data

Nonetheless, the coming evolution of
processing power and network bandwidth
makes it possible to envisage sufficiently
powerful environments for 30 applications to be
available at affordable prices before 1995. As
hardware life-cycle is one order of magnitude
fasterthan software life-cycle, METVIEWwill be
able to produce 30 interactive animation, even
if such capability is not available initially.
4.3

Meteorological data base

An essential component of the METVIEW
system is its data base, which will have the
following attributes:

standards ~

METVIEW will actively provide support for
current and emerging WMO standards including
BUFR, GRIB and the proposed GRIB extension
to handle.the imagery.

4.

Visualisation system

Use standard data formats;
Simplify data organization and retrieval;

LOGICAL DESCRIPTION

Present a common user interface.

The following is a brief description of the
METVIEW components, which will be further
developed in the system design phase.
'-

To achieve the first goal, WMO standards for
data representation BUFR and GRIB will be
used whenever applicable.

4.1

To simplify data organization and retrieval, the
network transparent file-access facilities
available (such as NFS) will be configured to
minimize direct data transfer operations.

User interlace

METVIEW will have multi-window capability,
providing support for applications to
communicate with each other.

The common user interface to the data base is
to be developed as part of the METVIEW
system. The purpose of the user interface to
provide a comprehensive access to individual
components of the data base. ECMWF has
established a well-defined procedure for access
to meteorological data in MARS (via a
command
language), Hennessy (1986).
M ETVI EW aims to utilise the same set of
facilities in an interactive fashion.

METVIEW will be data-oriented. The only
decision to be made is which data sets are to
be manipulated. Once they are made available
on-line (on a network-transparent basis), the
system will allow the user to "see through the
data". The entire visualisation context should be
interactively controlled.
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One important consideration for a
meteorological data base on an interactive
environment is the requirement for on-line data
access.
4.4

Hennessy, J.T., 1986: MARS-The ECMWF
Archive and Retrieval System. Second
International Conference Interactive
Information and Processing Systemsfor
Meteorological, Ocenography and
Hydrology. AMS pp 124-128.

Data manipulation

The data manipulation tools will be oriented
towards the needs and requirements of the
research scientist and the operational
meteorological analyst.

Souza, R.C.M, J.R.F.Oliveira, F.Y.Yamaguchi
and G.Camara, 1990: GKX: A tool for
integrating GKS with the X Window
System. European X Window User
Group Conference, Guilford, U.K.

Among the basic manipulation functions
required are adding, differencing and
multiplying, horizontal and vertical interpolation.
Additional functions will be needed for the
manipulation of observational data.
The system should be designed in a flexible and
modular way, always allowing for expansion and
the inclusion of new applications.
5.

CONCLUSION

The METVIEW concept will provide a standard
framework within which applications relating to
the retrieval, processing and visualization of
meteorological data can be implemented. Over
the next years METVIEW is expected to
progress in a modular way. Batch procedures
running applications on the Cray Y-MP should
be enhanced by a fully interactive system. The
user interface will be based on the X Window
System.

REFERENCES:
Daabeck, J., 1990: Tutorial on MicroMAGICSVisualizationof model output on PCs at
ECMWF.Sixth International Conference
on Interactive Information and
Processing Systems for Meteorology,
Oceanography, and Hydrology. AMS.
Daabeck, J., C.Besev, K.Colman and
P.O'Sullivan, t989: MAGICS/GKS- The
ECMWF graphics package and its use
for the production of video sequences.
Fifth International Conference on
Interactive Information and Processing
Systems for Meteorology,
Oceanography, and Hydrology. AMS.
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3.8

THE METPRO METEOROLOGICAL WORKSTATION

Joseph Steranka
Jong Ku
General Sciences Corporation
Laurel, Maryland
1.0

analysis, remapping, mathematical, parameter
calculation, and plotting functions are a
rehosted and redesigned, including a new user
interface, UNIX version of a NASA .developed
general meteorology package (GEMPAK) (des Jardins
and Graffman, 1987) that operates with a Virtual
Memory System (VMS) operating system.

INTRODUCTION

The meteorological community is a welcome
beneficiary of the sophisticated workstations now
offered by the electronics computer industry .
The accompanying software procedures allow
complex processing tasks to be performed with
ease. Meteorological interests are challenged to
better exploit the power that is now available at
the local user level.

2.0

HARDWARE CONFIGURATION

The workstation hardware is based on a central
processing unit (CPU) and a floating point unit
(FPU) that utilize reduced instruction set
computing (RISC) technology . It includes a
graphics board, color monitor, keyboard, mouse,
disk drives, tape drive, and ports for device
connectivity.

The METPRO Meteorological Workstation is a stateof-the-art system that provides advanced support
to mesoscale analysis, nowcasting, aviation, and
general weather forecasting. It's powerful
capability to integrate information from multiple
different weather observing platforms allows a
rapid and thorough analysis and interpretation of
the structure and dynamics of ongoing weather
events. Its portability allows implementation in
new data processing and analysis systems or it
may be an adjunct to an existing system.

2.1

CPU and FPU

The CPU and FPU are 20 MHz MIPS RISC
microprocessors that deliver 16 mips and 1.6
mflops performance. The CPU and FPU share access
to separate, direct mapped 64 kb instruction and
32 kb data caches utilizing a dedicated CPU bus
that operates at up to 100 MB/s. A CPU control
gate manages access to main memory, keyboard and
mouse, DMA controller, modem ports, and I/O from
the graphics board, a VME port, and peripherals.
An I/O control gate manages communications of
disk, printer, Ethernet, and audio ports.

The METPRO Meteorological Workstation is a UNIXbased operating platform that efficiently
analyzes data and performs high quality image and
graphics processing for the creation of finished
weather products based on surface and upper air
observations, weather satellite images and
vertical soundings, and weather radar images.
The meteorological applications functions perform
information extraction from satellite and radar
images; calculation of atmospheric parameters
from surface and vertical soundings observations;
creation of graphic map, image, and overlay
products; objective analysis of randomly
distributed data; mathematical functions;
remapping and mosaicing; plotting and contouring;
interactive display with animation, zooming,
roaming, and enhancement; and utilities to
filter, annotate, draw, pan, enhance, stretch,
edit, and archive. The user software interface
is the Transportable Applications Environment
Plus developed by NASA (Szczur, 1990).

2.2

GRAPHICS BOARD

The single graphics board contains geometry,
raster, and display subsystems. The graphics
board communicates with the CPU using a dedicated
host-graphics 32 -bit high speed bus.
The geometry subsystem delivers up to 20 mflops
performance to receive, transform, and reduce
data for output to the raster subsystem. The
geometry processor applies coordinate matrices to
world coordinate geometric data to rotate,
translate, scale, and transform data. It
maintains object color assignment through vertex
position, direction, lighting, and surface
characteristics. The processor computes line
slopes and polygon edges and performs the first
stage of scan line conversion.

The METPRO Meteorological Workstation platform is
a Personal IRIS workstation manufactured by
Silicon Graphics Computer Systems, Inc. (SGI).
Its UNIX operating system facilitates porting to
other UNIX-based platforms and its communications
standards (DECNET and TCP/IP) allows its
connectivity to other systems for access to data
bases . The meteorological applications software
is designed and developed by General Sciences
Corporation (GSC). The METPRO objective

The raster subsystem converts lines and span data
received from the geometry subsystem, iterates
horizontal spans or angled lines, produces pixel
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values, and draws pixel data into frame and Z
buffers. The frame buffer provides 24 color bit
planes, four window ID planes, and four
overlay/underlay planes. The frame buffer is
programmable to four operating modes. The Z
buffer provides 24 bit planes.

kernel is the memory resident part of the
operating system. The shell is an interactive
program. !RIX includes utility functions to
list, edit, print, and copy.

The display subsystem transforms pixel data to
displayable forms using multiplexed graphics
processors to map images and define up to 4096
colors in color map mode and up to 16.7 million
colors is RGB mode, positions and draws a
graphics cursor, and defines graphics
overlay/underlay color look-up tables. Three
oscillators operate to generate output timing
pulses for a 60 Hz and 30 Hz 1280 x 1024 pixel
display, NTSC resolution video signals, and
European standard video.

The standard system applications environment
includes Workspace, Windowt Graphics Library,
Quick Paint™, Quick Model M, System
Administration, TCP/IP, diagnostics, and system
maintenance.

2.3

3.2

Workspace
The workspace applications provide icons and
windows for interactive use. A file manager
maintains the connected path of user directories
to other locations on the system. A directory
view shows contents of files and devices,
programs, and links that are used.

Display Monitor

The display monitor is a tilt and swivel, RGB,
color monitor with 19" screen that provides a
1280 x 1024 pixel display. The monitor operates
in the sync range of 60 Hz non-interlaced and 30
Hz interlaced.
It provides image displays of up
to 4096 colors, gray level displays of 256 gray
levels, and pseudocolor displays of gray levels.
2.4

The window applications using SGI enhanced
procedures integrate graphics programs for
simultaneous interaction and coexistence on the
same screen. Traditional rectangular window,
clipping, and multiple window screens are
displayed. A Network Extensible Window System
server manages user access to the display device,
window control, and graphics generation. A
Graphics Library Interface lets applications use
a graphics library to access graphics hardware.
A Distributed Graphics Library server manages
remote execution of graphics routines.

Keyboard and Mouse

The keyboard is a standard size 101 key qwerty
keyboard. It contains alphanumeric/symbolic and
shift keys, numeric pad, and directional and
programmable function keys.
The mouse is a three button optical mouse with a
pad. The mouse is used to position a cursor on
the display screen and to invoke applications
functions. Pressing of the buttons invokes
functions that the cursor points to on the
screen.
2.5

Graphics Library
The graphics library is a set of interactive,
real time 3D graphic applications designed to
perform object interaction, manipulation,
drawing, and rendering. The object interaction
is performed using keyboard and mouse (support
for digitizing tablet, dial box, and button box
is provided). Objects may be manipulated using
object, world, or viewer coordinate systems;
orthographic or perspective projections; and
translation, rotation, scaling, and displaying in
realtime. Drawing applications allow creation of
primitives including complex objects using
combinations of primitives. Rendering
applications apply surface characteristics to
objects through lighting, diffusion and
positioning. The graphics library routines
include panning, zooming, and dithering.

Disk and Tape Drives

Two 380 MB, 5.25 inch Winchester hard disk drives
provide on-line storage. The tape drive is a 1/4
inch, 150 MB, removable, reusable cartridge tape
system.
2.6

Connectivity Ports

Connectivity ports are provided to perform
multiple I/O operations. An Ethernet port with
TCP/IP and DECnet communications protocol, RS-232
serial ports with modern control, a Centronics
port, a VME port and an audio port provide
connectivity for local area network, modems,
printer, interface boards, and audio sources.
3.0

Quick Paint™
Quick Paint™ is a 2-D applications paint program
that creates full color pictures. It provides a
color palette with a color bar, a canvas
(Screen), and a brush (cursor of controllable
shape and size) to make single impressions, draw
lines, or flood areas in color.

SOFTWARE

The Meteorological Workstation software consists
of the operating system, system applications,
meteorological applications, and man-machine
interface software.
3.1

System Applications

Quick ModelTM

Operating System

Quick Model™ is a 3-D applications modeling
program that creates objects in 3 dimensions. It
lets you look at them from top, front, side or as
a perspective view. It provides primitive
shapes, lights, curves, and surfaces. The

The operating system software is !RIX. !RIX is
an enhanced version of the AT & T System V.3 and
supports most features of the Berkeley 4.3 BSD
release. It includes a kernel and a shell. The
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functions apply cardinal splines for curves and
surfaces; transformation is performed with
rotate, scale, and translate functions; and the
surface appearance is rendered with color,
diffusion, and specularity assignments.

loops, color and gray level enhancement, gray
scale slicing, gray level statistics,
stretching and filtering, displaying from
memory, animation, panning, zooming, and
roaming.

System Administration
The system administration applications include
user, network, peripheral, and file system
administration. User administration provides
tracking, addition or deletion, and modification
of users. Network administration provides
support for TCP/IP and Network File System
protocols. Peripherals administration provides
configuration to include external devices
(printers, terminals, tablets, and button boxes).
File system administration provides management
control for local disks and local or remote file
systems.

•

Drawing text, weather symbols, lines, gray
level wedges, and color bars onto images.

•

Graphics object control including shift,
toggle, erase, save, restore, engrave, output,
and enhance.

•

Remapping to selected projections and scales.
Removing distortion.

•

Mosaicing to combine images.

•

Overlaying of graphics or images.

Image Analysis
The image analysis applications are designed to
extract qualitative and quantitative information
about the Earth's atmosphere and surface from
image data. Algorithm and photo-interprotation
techniques are applied to derive information in
support of environmental monitoring,
oceanography, meteorology, hydrology, and
agriculture. The image analysis applications are
used for the following:

TCP/IP communications protocol provides data
exchange support in a networked environment. An
Ethernet port and controller allows ready
connection to Ethernet based local area networks.
Diagnostics
The diagnostics isolate failures and identify
units most likely to cause the failure. The
diagnostics exercise all basic components
including peripheral devices.

Environmental monitoring to define anomalous
hot areas in forest fires or volcanoes, track
smoke plumes or volcanic debris, track dust
storms, locate and track spills or dumps at
sea, determine soil temperature, observe
coastal sedimentation, identify regions of
oceanic biological activity, estimate snow
cover, and observe river or coastal flooding.

System Maintenance
A menu driven system maintenance applications
package launches diagnostics, starts or recovers
the system, and is used to install software.
3.3

Meteorological Applications

•

Cloud analysis to define cloud top
temperature, height, statistics, and profile;
determine cloud amount, type, and character;
and perform cloud mapping.

•

Sea surface temperature derivation and
mapping.

The meteorological applications are designed to
create and display finished weather products to
support operational meteorology. The
applications create combined graphic map and
image products based on information derived from
the data sets as well as traditional weather
maps, satellite images, and radar images. The
meteorological applications perform four major
categories of work: 1) image processing, 2)
image analysis, 3) data analysis, and 4) plotting
and contouring.

•

Snow and lake or sea ice cover determination.

•

Cloud motion vector calculation and mapping.

Image Processing

•

Rainfall rate calculation (based on radar
images) and mapping.

Vegetation index derivation and mapping.

The image processing applications are designed to
process high resolution digital image data. They
may be applied with GOES, TIROS, GMS, and
Meteosat images and with radar images. The
applications perform the tasks associated with
improving the navigation solution of satellite
images and enhancing or modifying image format to
show maximum informational content. The image
processing applications perform the following:
•

•

Recalculation of
satellite images
image alignment,
positioning, and

Data Analysis
The data analysis applications perform objective
analysis of any data set and calculate
meteorological parameters using information
contained in surface weather reports, rawinsonde
reports, vertical sounding profiles derived from
satellite measurements, and sets of cloud motion
vectors derived from satellite imagery. The data
analysis applications perform the following:

the navigation solution of
using landmark extraction,
geographic coordinate
navigated cursor procedures.

Loading of images to memory, creation of movie
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•

Create uniform grid fields from randomly
distributed data.

•

Calculate vorticity, divergence, wind

Workbench, and user interface prototype support.
WPT includes subroutines to define, display,
receive information from, and delete windows (or
panels). Workbench provides functions to define
position, set display attributes, and create help
for panels and interactive display items
(interaction objects). User interface prototype
support provides a rehearsal mode to execute a
user designed interface and a generate mode to·
create C or TAE Command Language.

components, stability indices, condensation
levels, precipitable water content, mixing
ratio, vapor pressure, potential and
equivalent potential temperature, Montgomery
stream function, Rossby number, lapse rate,
geostrophic wind, derivatives, Laplacian
operations, layer difference, gradient,
shearing, stretching, deformation, Richardson
number, isentropic surface, thermal wind, and
Coriola's force.
•

4.0

Conversion of height, temperature, distance,
speed, angular representation, and pressure
units.

•

Mathematical operations including arithmetic,
logarithmic, and trigonometric functions, and
exponentiation.

•

Provide constants including base of natural
logarithms, gas constant, pi, gravitational
constant, and radius of Earth.

DISCUSSION

The METPRO Meteorological Workstation provides a
full suite of applications software to create
finished weather products. The completeness of
the software allows the users to specify the
structure and content of each product. The
greatest assets of the workstation are its
ability to extract maximum information content
from the raw data, display information at common
projections and scales,and integrate multiple
sets of data into a single product.

Plotting and Contouring
It should be recognized that the workstation can
readily function with existing systems where data
bases . are present. It can serve as a central
processing or editing workstation that creates
and distributes routine or special products to
users at remote locations and to display monitors
or hardcopy devices. The equipment at remote
locations requires compatibility, but does not
need to be the same as at the workstation.

The plotting and contouring applications create
graphic map products for use separately or as
overlays to other maps or images. The plotting
and contouring applications perform the
following:
•

Create map backgrounds at selected projections
and scales that show coastlines, geopolitical
boundaries, grid lines, and labels.

•

Plot surface weather maps using WMO station
model format.

•

Plot upper air constant pressure level maps
using WMO station model format.

•

Plot gridded data maps using selected formats.

•

Plot maps of data derived from image analysis
using selected formats.

•

Plot skew T-log p and Stuve diagrams showing
vertical profiles of temperature, moisture,
and wind.

•

Plot vertical route cross sections of upper
air data showing contours of selected values.

•

Draw selected isopleths onto plotted maps or
map backgrounds.

•

List aviation reports and upper air
observations.
3.4

The software structure lends itself to automated
product creation on a routine basis. The strong
interactive capability allows changes to the
routine to be made rapidly and with ease. The
interactive capability further provides strong
support for the creation of special products
during significant weather events or for special,
unscheduled, or emergency civil or military
operations.
The workstation applications software recognizes
data to be in prescribed formats and is capable
of performing its operations with any data that
can be structured to the recognized format. The
data from automated weather observation stations
collected via satellite transmission or wind
information from profiler systems are handled
with equal ease as that of surface or upper air
observations. Lightning detection data or river
gage information may be equally well handled.
The METPRO Meteorological Workstation is a
valuable adjunct in operational, research, and
academic environments. It's generic capability
allows it to perform in the worldwide
meteorological community.

MAN-MACHINE INTERFACE

5.0

The man-machine interface was developed using the
Transportable Applications Environment Plus (TAE
Plus). TAE Plus provides an X-window and C++
object oriented programming language environment.
TAE Plus performs operations and information
activities. Operations apply applications
programs, parameters, and default parameters to
, perform processes. Information provides on-line
HELP functions to facilitate the user's operation
of the TAE Plus functions.
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3.9

CONSIDERATIONS FOR THE DARE II DESIGN

Carl S. Bullock and Dennis S. Walts
Forecast Systems Laboratory
NOAA
Boulder, CO 80303

1.

INTRODUCTION

The National Weather Service Forecast Office
(WSFO) at Denver has used advanced workstations
operationally since 1986. This on-going effort is a
major risk reduction activity of the Advanced
Weather Interactive Processing System for the
1990s (A WIPS-90) program. The first system,
known as DAR3E (Denver AWIPS-90 Risk
Reduction and Requirements Evaluation), was
replaced in December 1989 by a new system
known as DARE II. DAR3E comprised a single
workstation which supported the public forecast
function; DARE II is a complete system which
supports all operational functions in the office.
DARE II has been the primary system at the
Denver WSFO since April 1990 when AFOS
(Automation of Field Operations and Services)
consoles were removed from the office. These
systems have been designed using a subset of the
A WIPS-90 System Requirements Specification.
An earlier paper (Bullock et al., 1988) discussed
findings from the operational use of DAR3E noting
performance issues with loop loading, the user
interface, and application programs. In this paper,
we discuss how these and other issues influenced
the DARE II design. These issues are presented in
the following order: performance issues (Section
2), user interface (Section 3), graphic resolution
(Section 4 ), utility versus ease of learning
tradeoffs (Section 5), other significant
considerations (Section 6). Section 7 summarizes
the design considerations for DARE II.
2.

PERFORMANCE

The adequacy of an operational workstation's
performance must be gauged during severe
convective weather. This is usually the time of
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maximum system load, and the time when
performance is most critical.
Indeed, the issuance
of warnings during severe weather is the primary
design driver for an operational meteorological
workstation (MacDonald, 1985). During these
episodes, warnings must be issued in a minute or
less. Lead-time, when it occurs, is only a matter
of minutes; yet those minutes can be critical in
saving lives and property. Information essential
to the warning decision process, such as Doppler
radar data, rapid-scan satellite data, lightning
data, automated surface reports, etc., arrives at a
frequency of 5 minutes or less. During severe
weather these data must be available to the
forecaster within a few seconds after they arrive.
Likewise, the workstation must rapidly display
and manipulate these data to allow the
meteorologist to make the warning/no warning
decision quickly. DAR3E took approximately 30
seconds to load an 8-frame loop of radar
reflectivity. Once this loop was loaded, the
forecaster was reluctant to look at other data
because it took more than a minute to load
another loop, view it, then re-load the first loop.
The inadequate performance of DAR3E in loading
imagery loops kept forecasters from viewing other
useful data during potential warning situations.
When a forecaster decides to issue a warning, the
system must provide the tools to issue warnings
quickly. Both DAR3E and DARE II allow the
forecaster to interactively outline the warning
area using simple and fast graphic drawing
techniques. This saves valuable time and
prevents errors by letting the forecaster draw the
warning area directly on the data that triggered
the warning decision. The system constructs the
warning message (complete with coding, areas
affected, call to action statements, etc.) from the
areal outline. Forecasters can issue warnings in
less than a minute using this\ integrated technique.
This integration of data and functions is an
important design consideration.
An evaluation by operational forecasters at
Denver (Heideman et al., 1989) revealed that the
performance of the DAR3E user interface (menus)
was at the slow end of acceptability. Depending
on the selection, it took from 2 to 5 seconds to
bring up the menus. The selection matrix for
AFOS graphics took several seconds to draw on the
menu screen. Since the menus always appeared
in the same screen location, an experienced user
could click on the right spot even before the menu
had drawn. The fact that this happened with
some regularity indicated that the user interface
needed to be faster.

Performance considerations led to two important
decisions about the DARE II hardware
architecture. First, loop loading speed in DAR3E
was limited by a hardware board connecting the
display device driver to the computer which hosts
the workstation. We bypassed this problem by
incorporating an image disk which connects
directly to the display device driver (Ramtek
4660). This wide-band connection allows transfer
of high data volumes between the image disk and
the display. In addition each image is parsed into
four sections and stored on four separate disks
that make up the image disk. Simultaneous
retrieval from the four disks supports an image
loading rate of up to 30 frames per second for
512x512 resolution images. Each full-function
(animation) workstation has one image disk which
connects separately to each of the two
graphic/image displays (Figure 1).

Full Function WS

Figure 1.

Full Function WS

generation of display products, applications, etc.,
do not degrade the responsiveness of the
workstations. Similarly, what occurs on one
workstation does not affect the performance of
the other workstations.
3.

USER INTERFACE

In addition to performance, the design of the user
interface had to take into consideration: (1)
flexibility, (2) user friendliness, (3) product status
monitoring, and ( 4) maintainability. The user
interface required greater flexibility to meet the
requirements of varying weather situations and
personal preferences. In DAR3E the user had to go
through a sequence of menus (scale, product
category, etc.) to get to a product selector.
Although this worked well in many weather
situations, it was cumbersome when the forecaster
needed to move back and forth between scales or
product categories. The design of the user
interface also had to handle the increased number
of products planned for DARE II, particularly
output from numerical models.
A subtle but important point for a real-time
workstation is that the workstation exists to
support operational meteorologists, not vice versa.
The user interface of the workstation should be as
intuitive as possible. Operational forecasters
should not be required to learn and remember a
command language or other syntax to operate the
workstation; rather, their time and energy should
be spent on meteorology. While this may seem
self evident, it requires effort and discipline on
the part of system designers and developers to
ensure that the final system reflects this
philosophy. The design of the DARE II user
interface adhered to this principle of user
friendliness.

DARE II hardware architecture

The second decision concerns the overall system
architecture. A local area network links all the
mini-computers together into a system (Figure 1).
This allows the workload to be distributed among
the various computer nodes since they are all
interconnected. For example, one node handles
most of the database functions and some of the
communications while another runs application
programs. The computers which host
workstations run only those processes directly
related to the workstation. Thus, communications,
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Another important consideration in a real-time
workstation is how to keep the user informed as
data and products arrive. DAR3E accomplished
this by displaying the time of the latest product as
part of each selector. When a new version
arrived, the time automatically updated on the
menu screen.
Forecasters would frequently
display the matrix menu for a particular NMC
model to monitor product arrival. When a
product of interest arrived the forecaster was
immediately aware of it and could display that
product. This dynamic status information proved
to be such an important feature in DAR3E that it
became a design driver for the DARE II user
interface. It is particularly important during
severe weather. It allows the forecaster to

explore other data while waiting for a critical
dataset such as radar to update. When a new
radar product arrives, the forecaster would notice
the time updating on the product selector and
could immediately display that product.
Maintainability is an essential consideration in the
user interface of an operational workstation.
AWIPS workstations will have thousands of
products available. Clearly the number and kinds
of products are not static but will continue to
evolve. The design of the user interface must take
into consideration periodic changes to
accommodate the anticipated changes in the
product suite. The DAR3E menu system was
relatively rigid, requiring a programmer to
reconstruct the menus each time they changed. In
addition, this fixed system of menus became
rather ponderous as we added more products. As
a result the system took about 20 minutes to reboot; loading the menu structure into the
computer's memory took most of this time.
These considerations led to a new implementation
of the user interface for DARE II. PROFS'
experience with user interfaces on real-time
workstations dictated that we should continue to
base the user interface on a menu scheme
(MacDonald, 1985). Products and applications are
organized by meteorological scale (Bullock et al.,
1988). We integrated the menu structure into the
display itself to improve performance and to
eliminate the inherent ambiguity when a single
menu controls more than one display. The menu
structures and contents are created from text files.
These files can be easily modified making the user
interface easy to maintain. To provide flexibility
and to allow monitoring of product arrival, we
designed all menus (except the main menu) to be
"tear-away". The user can move any menu from
the place where it initially opens to any location
on the display.
These menus remain open on the
screen until manually closed (those not torn away
close automatically as new menus open). Thus the
forecaster can monitor arrival of certain products
by leaving open a menu containing those products.
This design also provides great flexibility. The
user can open menus from several scales and
arrange them on the display according to personal
preference. This allows the user to tailor the
display to meet the exigencies of the weather
situation. The user can also tear away menus that
control display functions, such as loop speed or
color tables for imagery, allowing quick access to
these controls. (Note that a large number of
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menus can be open at once obscuring much of the
meteorological display. To alleviate this problem,
a single button on the mouse toggles all menus
on/off instantaneously.)
To accommodate the large number of NMC model
output graphics (over 2000 eventually), we
expanded the two-dimensional matrix menus used
in DAR3E and made them more flexible. Rather
than having fixed menus for each NMC model,
DARE II allows the user to define the selections
he/she would like to see in the two-dimensional
matrix menu. The user makes choices in three
categories (models, fields, and levels) and a
corresponding two-dimensional matrix is drawn.
The rows reflect the choices made in creating the
matrix while the columns correspond to forecast
time projections for the model(s). The matrix
easily accommodates a hundred or more
selections. This enables the user to create custom
menus for a variety of uses. For instance, a menu
listing all the products from a particular model
would allow a meteorologist to explore analyses
and prognoses of that model. The meteorologist
might open another matrix menu listing a
selection of fields from all models. This would
facilitate comparison among models. Powerful
loading schemes are also incorporated into these
matrix menus. The user can select a row heading
and the system will load all the products in that
row in proper time sequence (analysis, 12 hour
forecast, 24 hour forecast, etc.) to construct a loop.
This allows the forecaster to quickly and easily
view his choice of fields throughout the forecast
period.
Based on comments from Denver WSFO
forecasters, we incorporated two additional means
of loading products into the design of the DARE II
user interface. First, the user can load products
from a recall list. This list contains the last 10
products or combinations of products that were on
the display. Selecting one of these will
immediately reload that product or combination of
products onto the display. This method bypasses
the normal menu selection process; i.e., the menu
containing that product need not be opened.
Second, a user can load products from a
procedure. The user builds procedures by making
a series of choices from the recall list. The user
can then save this procedure for later use. Users
can load products automatically from a procedure
in forward or reverse order or they can select any
item listed in a procedure and display it directly.

4.

5.

GRAPHIC RESOLUTION

Graphic resolution was a drawback in DAR3E.
Resolution depended on the number of frames
that were loaded and ranged from 1024x1024 for
one frame to 256x256 if more than 8 frames were
displayed. At the latter resolution, characters in
plots and labels frequently overwrote one
another. Graphics that were initially legible
sometimes became unreadable when zoomed
because of pixel replication. Consequently, one of
the mandates from the DAR3E evaluation was to
remedy these graphic resolution problems.
As in DAR3E, graphic resolution in DARE II
depends on the number of frames selected. We
have also added a graphics-only mode to DARE II,
which displays up to 8 graphics per frame. This
allows the user to configure display resources to
meet his/her requirements, short loops with high
resolution or longer loops with lower resolution.
The highest graphic resolution (1024x1024) is
available for as many as 4 frames of 4 overlays
each (plus an image), or 3 frames of 8 overlays.
Medium-resolution (512x512) is available for 5 to
16 frames. In addition, DARE II provides a
declutter capability which takes into account the
graphic resolution and the density of information
inherent in the graphic. Using a priority scheme,
it displays some information and masks the
remaining information. Thus, the information
displayed is always legible. When zooming, the
display initially pixel replicates graphics.
Once
the user has zoomed and centered the display on
the area of interest, he/she manually invokes redraw. The graphics are re-loaded and re-drawn
to their original resolution. However, the screen
now displays a smaller geographic area (having
zoomed in) and more data are displayed if
available.
The implementation of graphics in DARE II
involved an important design tradeoff. Should the
system make maximum use of display resources
at all times or hold resources in reserve to do
instantaneous zoom/declutter? DARE II makes
maximum use of display resources at all times by
loading products so that they are animation ready
by default. Animation is a fundamentally
important capability inherent in DARE II. Thus,
when a user selects a .product, the system loads
the latest version plus enough previous versions
to fill up the number of frames specified. All
available display resources are allocated in setting
up the loop. Because of this tradeoff with
animation, re-draw/declutter is a manually
invoked feature as opposed to an automatic
feature (as in AFOS for example).
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UTILITY VERSUS EASE OF LEARNING

An important (but sometimes subtle) tradeoff in
workstation design is utility versus ease of
learning. A three-key mouse, which is the
principal user interface device in DAR3E and
DARE II, illustrates this tradeoff. All three keys of
the DAR3E mouse did the same thing; they made
selections from menus on the menu screen. Users
learned how to operate the mouse within a few
minutes and used it thereafter without giving it
another thought. For DARE II we decided to
utilize the mouse keys to perform multiple
functions. Since the DARE II menu is integrated
onto the display, the mouse can operate on either
menus or graphic/image data. As mentioned
earlier, one mouse key (right-hand) toggles menus
on/off; this is its only function. The center and
left keys perform a variety of functions. When
the mouse cursor is over a menu selector, the left
key makes that selection; the center key opens a
special menu known as an options menu. Options
menus allow the user to select additional actions
(besides the default) available for that selector
(e.g., inventory list versus loading a loop). When
the mouse cursor is over image or graphic data,
the center key zooms in and the left key zooms
out. After zooming, holding either key down
while moving the mouse allows the user to pan
the displayed data. Clearly, the mouse has many
more functions in DARE II and requires more time
to master. Users have found that the greatly
expanded utility is worth the extra few minutes
required to learn the operation of the mouse.
Designers must use caution in making this
tradeoff, however, since it is easy to make a
feature too complex vis-a-vis its utility.
6.

OTHERFACTORS

National Weather Service Forecast Offices operate
around-the-clock. Since DARE II supports an
operational forecast office, issues of reliability and
backup were important design considerations.
AWIPS-90 specifies three levels of reliability. The
highest level (99 .99%) applies to the generation
and dissemination of warnings. A lower level of
reliability (99.9%) applies to keeping some
fraction of the workstations functioning normally.
Thus, the concept of reliability in AWIPS-90 is not
all or nothing; failures are allowed providing
critical functions can still be performed. The
design of DARE II allows for failure of individual
components without jeopardizing critical
functions.

. The heart of the communications/database
subsystem is a Digital Equipment Corporation
(DEC) 3602. This is a dual computer system wit_h
independent power supplies. Both computers
connect to the main disk drives that store data
and system information. If one computer fails,
the other can automatically assume the load.
Communication lines can be manually switched
from the failed computer to the remaining one.
Additionally, DARE II stores data and system
information redundantly on separate drives.
Thus, the failure of a disk drive is not catastrophic
because a backup source is easily substituted.
The design of the graphic/image workstations
incorporates several "fail-soft" features. The two
display screens of a full-function workstation are
independent; the failure of one has no impact on
the other. Full-function workstations can tolerate
the failure of the image disk. They will continue
to function as before except that imagery will be
loaded at a slower speed. Each text and
graphic/image workstation is independent of all
other workstations; the failure of one has
essentially no impact on the others. The
meteorologist can initiate a warning from any
graphic/image display and send it to any text
workstation. This provides a very high reliability
for this critical function.
7.

SUMMARY

Performance improvements in several key areas
were important design considerations for DARE II.
We greatly increased the image loading speed at
each workstation capable of animation by adding
a special fast image disk. We integrated the user
interface onto the graphic/image display and
developed a new system of tear-away menus to
improve performance, flexibility, and
maintainability. The new menu system also
facilitates product monitoring. We redesigned the
matrix menu for NMC model output to allow users
to create customized menus, and to incorporate
powerful loading schemes.
The DARE II design also took into account needed
improvements in graphic resolution. Highresolution graphics are now available for loops up
to 4 frames, and medium-resolution graphics are
loaded for loops of 5-16 frames. A declutter
feature ensures graphics legibility. A redraw
feature returns graphics to their original
resolution and adds information to the display if
available.
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The design of the operation of the mouse reflects a
tradeoff between utility and ease of learning. The
mouse performs multiple functions with each key.
A little more time is required to learn the
operation of the mouse, but this is more than
compensated for by greatly expanded utility and
speed.
Backup and fail-soft contingencies were important
design considerations since DARE II supports
continuous operations. Distributed processing
provides a measure of reliability and improved
workstation performance. The independence of
each workstation ensures that critical functions
continue despite failure of one or more
workstations.
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1. Introduction

During the past 1O years the Forecast Systems Laboratory
(FSL, previously the Program for Regional Observing and
Forecasting Services [PROFS]) has designed and
implemented several versions of an interactive
meteorological workstation (Reynolds, 1983). The current
realization is the second generation DARE-II workstation
(Bullock and Walts, 1991 ). This workstation acquires
products from a variety of conventional and experimental
data2 sources and displays these products as graphics and
images. For the past five years the workstations have been
used operationally at the Denver Weather Service Forecast
Office (Bullock, et al., 1988; Dunn, 1990) and was used in
the past at the Air Route Traffic Control Center at Longmont,
CO (Foss, 1984). These workstations have also been used
in numerous experimental forecast exercises (Haugen,
1986; McCoy, 1985; Schlatter, 1983).

This paper discusses technical aspects of review mode on
the DARE-II workstation and describes which products are
available during review for both winter and summer cases.
Two cases that are saved for workstation review are
presented: the March 6, 1990 Colorado blizzard and the
June 6, 1990 Limon, Colorado tornado. These cases are
presented simply to give examples of the types of
workstation graphics and image displays that are available
during reviews of winter and summer storm phenomena in
eastern Colorado. A DARE-II workstation will be available
at the conference to demonstrate review mode capabilities
in more detail.

2. Review Mode on DARE-II
One function of FSL is to provide real time data and
products to the National Weather Service Forecast Office in
Denver. The products consist of satellite and Doppler radar
images and graphics, thermodynamic and wind profiler
data, SAOs, rawinsondes, pilot reports, lightning strike
information, PROFS mesonet plots, AFOS graphics, and
gridded data from the Nested Grid Model (NGM) and the
Mesoscale Analysis and Prediction System (MAPS;
Benjamin.et. al., 1991 ). In addition to the real-time
generation, the data and products are also written to
magnetic tape to be used later by researchers. Usually,
only cases which have been identified by local
meteorologists as significant are saved while the other
tapes are recycled. Many of the raw data files from which
the workstation products are generated are also saved
routinely. Researchers can study cases on the DARE-II
workstation that date from the summer of 1985 to the
present.

Research meteorologists have used the workstations in a
variety of ways by taking advantage of the capability to
convert the workstation to displaced real time (or review)
mode. In review mode, the same products that were
available during real time can also be used to study the
meteorology of interesting events. Review activities include
case studies, evaluating experimental forecast techniques,
forecaster training, demonstrating capabilities, and
reviewing the previous days weather during real-time daily
weather briefings. It is unique that this workstation uses the
same display capabilities for both real time and review
modes. Because of this meteorologists will improve their
ability to diagnose and nowcast (0-3 hour forecast)
mesoscale phenomena.
Although forecasting research performed during review
mode is usually subjective, it is specific for weather
forecasting purposes. In other words, a case review may
only consist of learning how to use workstation capabilities
more effectively or how to intrepret workstation imagery and
graphics more accurately. This knowledge then can be
applied during real time possibly resulting in more accurate
forecasts. The review of data in this fashion can lead to
improved forecasting techniques and conceptual models.

Once a particular case has been identified, the PROFS
System Support Staff will initiate procedures that download
the data and products from tape onto disk. Because the
product sets are different for winter and summer case
reviews, separate procedures exist for both. The disk is
dual-ported between the main PROFS VAXcluster and the
local area VAXcluster that supports the DARE-II workstation.
This is necessary since only the main PROFS cluster has
the resources to read the tapes. After the products have
been loaded onto disk, they are reformatted for recognition
by the workstation.

1 Second generation Denver AWIPS (Advanced Weather
Information Processing System) Risk, Reduction and
Requirements Evaluation meteorological workstation.

Typically a researcher chooses the appropriate standard
product set (either summer or winter) when requesting case
review (winter and summer standard product sets are
presented in Appendix 1). Alternatively, the researcher can
specify exactly which data and products from the save set
should be used for case review, although this requires the
time consuming job of specifying every product. The size of
the review disk is approximately 450 megabytes. This is the

2 Conventional refers to data currently available at WSFO's

throughout the U.S. Unconventional refers to data not routinely
available at WSFO's including profilers, Doppler weather radar,
mesoscale surface observations, and Model gridded output.
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Figure 1: Interface menus used for review mode on
DARE-II. Selctors highlighted by gray shading are those
used to initiate review mode. See text. for more
information.

2.2 Invoking Review Mode

limiting factor for the time span of a review case. Radar and
satellite imagery require much more space than graphics.
Therefore, a review case will cover less time when more
images are requested. Approximately sixteen hours are
available for review of winter events. Thus, a complete
winter event can require more than one review session.
The standard summer review product set, which has more
radar imagery, allows for approximately 10 hours of review
data which usually covers the entire event.

Review mode can be initiated at any time from the
workstation to review either a specific case or to review the
previous days data. The data available for the previous day
is limited by a procedure which routinely purges the real
time product set. There is no need to stop or restart the
current real time mode of the workstation.
Two steps are required when initiating review mode for a
case study (refer to Figure 1). First you select DISPLAY
under workstation controls on the main menu. From there,
you toggle the DATA ACCESS selection located at the
bottom of the DISPLAY CONTROLS submenu. This brings
up the LOCAL DAT A ACCESS METHOD submenu. By
toggling on the selection under Real time/Review mode
(bottom of the submenu) the data access mode is changed
from real time to review or vice versa. This action causes
the workstation software to load products from the review
disk rather than from the disk containing current data. At
this point the user interface menus change if the review
data is different than the current display menus. The
workstation is not yet in review mode and a product
selection would result in the most recent version to be
displayed from the review disk (i.e. the end of the review
case).

2.1 User Interface
The workstation is equipped with a user interface which
features mouse selection, multiple overlapping winoows,
and scrolling elevators. The display contains a static main
menu for accessing. Selectors for clock adjustment, scale
selection, application program control, workstation display
and menu features, and status information reside on the
main menu.
A set of user interface menus exist that allow the DARE-II
workstation to review cases from many different generations
of PROFS' workstations. This distinction is necessary since
the scale projections have changed from one workstation
generation to the next. Unique products (images, graphics)
must be created for each projection, thus new menus are
necessary. The current workstation software automatically
loads the proper set of menus onto the display.
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maximum of low-level moisture co nvergence (MC) and
strong southeasterly boundary layer flow (Figures not
shown) were both indicated. Southeast flow often results in
the development of the familiar Denver convergencevorticity zone (DCVZ), a mesoscale feature known to focus
convective development (Szoke, et. al, 1983). The morning
upper-level data revealed a strong shortwave disturbance
upstream from Colorado and the NGM prognosis suggested
large-scale ascent over the area by 0000 7 June. These
clues suggested that severe convection was likely.

The second step is to adjust the clock to the date and time
of the review case. Performing this step completes the
procedure for putting the workstation into review mode.
Only this step is required when reviewing from the previous
days data which resides on the real time data disk. The
clock menu is opened by clicking on the date/time bar
located at the top of the main menu (Figure 1.) The clock
menu allows you to control workstation time while reviewing
a case. The time is adjusted by clicking on the up (increase
time) or down (decrease time) arrows for the appropriate
field (date, hours, minutes, etc.). When the time is correct,
you toggle the ENTER ORT selection so that the new time
setting can be acknowledged by the workstation.

By 0000 June 7, more than two hours prior to the
tornado, the situation had evolved about as expected.
!nd~ed, the DCVZ had developed and was strong, as
indicated by the surface relative vorticity (Figure 2)
analyzed by MAPS (Miller and Benjamin, 1988.) The fields
of ·surface moisture convergence (MC) and lifted index (LI},
also analyzed by MAPS at 0000 June 7 (Figure 3), more
closely pinpointed the location of the strongest convective
development as was seen in radar imagery (not shown).
Note that the strongest convection was occurring at the
intersection between the northward extending axis of
minimum Ll's over southeast Colorado and the MC
maximum over the east-central part of the state.

During review mode, the real time data storage continues in
the background .. No data is lost while the workstation is in
review mode. To return to real-time, the user selects the
REAL-TIME button on the clock control menu and changes
the data access method to indicate using real-time data.

3. DARE-II Case Review and Examples
Due to rapid technological advances, the speed at which
experimental data and analyses are becoming available
appears to be exceeding the rate at which users are able to
incorporate the information into working forecast and
nowcast techniques. Therefore, the need to review the
same meteorological data as is available during real time is
very important. During real time, forecasters sometimes do
not have time to examine the many data sets and analyses
that are available for display. This is particularly true for
mesoscale phenomena in which the length of time of the
event is typically less than the time required to accurately
diagnose it. This circumstance is often accentuated during
rapid convective development in which individual cells ( ....
1O km) have life cycles of about 30 minutes. The
mesoscale changes more gradually with winter storms and,
in the case of snow bands or regions of enhanced upslope,
the pattern can persist for a few hours. The forecaster must
be equipped with substantial background knowledge and
be able to react quickly and decisively. Nowcasting
mesoscale phenomena demands a great deal of forecaster
skill which can be enhanced by reviewing many events.
For these case reviews we will show data that reveal
mesoscale detail which is important while nowcasting these
particular cases.

Figure 2: Surface relative vorticity (x10-5 sec-1 ·solid is
positive, dashed is negaive) analyzed by MAPS and
visible satellite image at 0000 UTC 7June1990.

The time required to accurately diagnose a situation
depends on many things, most notably the amount of
available data and analyses, the complexity of the situation,
and the skill of the forecaster at assimilating the information.
Knowledge of mesoscale flow patterns and their
interactions with the larger scale is critical when generating
detailed and accurate nowcasts. During a review session
you typically use many special functions (for example,
looping, combining imagery, and different color tables) to
investigate storm structure and its evolution on the available
display scales. In this section a few of the typical review
products available during review mode are presented for
two eastern Colorado storm events. A more detailed
description of these cases will be presented with the DAREii workstation at the conference.

3.1 June 6, 1990 Limon, Colorado Tornado
At approximately 8:10 pm local time on June 6,
1990, (0210 UTC June 7, UTC time hereafter) a destructive
tornado (officially F-3 on the Fujita scale) ripped through
Limon, Colorado. The storm did extensive damage, but
miraculously, no one was killed. The high plains of eastern
Colorado are susceptible to severe weather anytime lowlevel moist air moves into the area on easterly terrain-forced
upslope flow. The NGM twelve-hour prognosis, valid at
0000 June 7, suggested the potential for this situation. A

Figure 3: Surface moisture convergence (g/kglhr x 10·
solid is positive, dashed is negative) and surface lifted
index (°C, dashed) analyzed by MAPS and the concurrent
visible satellite image at 0000 UTC 7 June 1990.
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Figure 4: Stapleton profiler wind observations (knots,
standard convention) between 1600 6 March and 0400 7
March 1990.

Figure 5: Regional scale visible satellite image at 2030
UTC 6 March 1990

Details of the near-surface to 500 mb wind profile are
revealed by the Denver-Stapleton wind profiler from 1600
June 6 though 0400 June 7 are shown in Figure 4. During
most of the period winds were easterly in the lowest levels.
By 0000, the winds had veered to southeasterly in the
lowest levels in response to a deepening low pressure
system south of Denver and possibly an intensifying DCVZ
circulation. Radiometer measurements of precipitable
water (not shown) indicated that the moisture was
increasing markedly prior to the development of the
tornadic storm. Westerly flow strengthened above the lowlevel easterlies in response to the approaching shortwave
trough. The vertical wind shear observed by the profiler
between 0000 and 0400 is conducive to severe
thunderstorm development.
Doppler radar data collected prior to and during the time
when the tornado was on the ground revealed two
supercell thunderstorms. The well defined hook echo was
observed with the Limon storm. Due to intense wind
speeds within these storms the Doppler radial velocities
(not shown) are difficult to interpret for the Limon storm.
During review sessions, a significant amount of time is
spent examining Doppler radar reflecitivity and velocity
images.

Figure 6: NGM initial analyses of 850 mb height {m, solid},
temperature {°C, dashed), and low-level wind (knots) at
0000 UTC 7 March 1990.

received less than three inches of snow. Several towns
located in the eastern foothills above 7500 ft received more
than 4 feet of snow during this storm. Highway 36, the
major route connecting Denver with Boulder, was closed
and vehicles stranded for nearly two days.

3.2 March 6, 1990 Eastern Colorado Blizzard
Heavy snow events frequently occur over north-eastern
Colorado when deep tropospheric lows propagate across
the southern part of the state. The March 6 blizzard was this
type of storm and forecasters were anticipating significant
precipitation. At lower elevations on the eastern plains (<
5000 ft) the forecast for precipitation type was made difficult
due to an extensive area of above freezing surface
temperatures.
This resulted in heavy rainfall, and
convection at many locations. The temperature did fall
below 0°C but only very specific locations throughout the
Denver metro area were hard hit with snow drifts as high as
four feet. Many locations, no more than 15 miles away,

As the storm moved east of the Continental Divide, a low
pressure system developed south of Denver. As that
happened, the formation of an impressive comma cloud
was observed visible satellite image at 2030 March 6
(Figure 5.) This exemplifies the rather well-organized state
of this low pressure system. Concurrent with this cloud
development, Stapleton profiler winds (not shown)
indicated deepening northerly flow in the lowest
tropospheric layers and strengthening easterly flow above.
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Figure 7: MAPS regional surface analyses of 1500 m
pressure (mb, solid), and three-hour pressure tendency
(mb, dashed) with the concurrent IR satellite image at
0100 UTC 7 March 1990.

Figure 8: PROFS surface mesonet observations at 0245
UTC 7 March 1990.

Surface observations (not shown) revealed strong northerly
flow. About the time blizzard conditions developed on the
plains, this wind profile had intensified. By 0100 March 7,
low-level profiler winds increased to 50 knots.

Obviously, a number of valuable workstation functions that
are used to interact with and highlight different attributes of
the data cannot be demonstrated through printed medium.
In- particular are "combine", "fade", "loop, and "color tables"
that are used with radar and satellite imagery. These
functions allow meteorologists the ability to more easily
diagnose the three-dimensional structure of storms and
how it changes with time.

The NGM initial 850 mb analysis at 0000 March 7 identified
an intense southeast Colorado low and associated strong
upslope flow over the northeast part of the state (Figure 6.)
An important feature in that initial analysis was the supply of
low-level cold air (T<-5°C) over Wyoming poised to advect
into the area. It should be noted that the NGM 12 hour
prediction of 850 mb heights, temperatures, and boundary
layer winds missed these important features. The NGM
analysis at 0000 indicated to the forecaster that the barrier
jet (Schultz, et.al., 1985, Dunn, 1987) would continue and
the snow level could lower to below 5000 feet.

Eventually, case reviews could be categorized by specific
patterns.for both severe weather events and non-severe
weather events. One then could review cases by the type of
phenomena and not on an individual event basis. In doing
this, several events with the similar phenomena could be
reviewed for the season of interest.
Ourrently, the DARE-II workstation does not allow one to
interact with and generate new analyses, although it has
been designed to perform this task. A workstation function
called "grid-to-graph" allows you to interact with gridded
model output by computing predefined quantities. For
example, you can compute and then display analyses of
divergence and a-vectors (to name two) on the "fly." This
feature may be available during the demonstration at the
conference.

After 0000, the barrier jet developed over the Front Range
corridor of eastern Colorado became strong The MAPS
1500 m pressure and 3 hour pressure change analyses
combined with the IR satellite image at 0100 March 7
(Figure 7) illustrate the response to the cold air intruding.
Note the anticyclonically curved isobars and associated
pressure rise maximum that extends from Denver (DEN)
northward toward Cheyenne, WY (CVS).
PROFS's
mesonet observations at 0245 March 7 (Figure 8) further
depict conditions over the local area during the blizzard.
Strong confluent northerly flow was observed throughout
most of the area. Also note the intense mesoscale front
east of Denver indicated by temperatures at eastern
stations in upper 30's and stations closer to the foothills
(including Denver) in the mid to upper 20's. The barrier jet
during this event was exceptionally strong and is likely
responsible for the blizzard conditions.

Two cases were presented here; the March 6, 1990 blizzard
and the June 6, 1990 tornado. Both storms are examples
when intense mesoscale phenomena developed and was
associated with focusing the severe weather. A few of the
products available to the weather forecasting researcher
were presented to briefly demonstrate the DARE-II review
capability.
More detail of review capability will be
presented at the conference. Scheduling and initiating a
review case on the DARE-II workstation is easy and allows
you to access most of the products that are available during
real time. It was an important design consideration that
review mode on DARE-II allow you to study data from
several previous version workstations developed at
PROFS. The use of the same workstation for both
forecasting research and operations · is important for
improved weather services in the 90's.

4.0 Discussion and Summary
During DARE-II review sessions a researcher will apply
several conceptual models (e.g., the Denver Cyclone,
barrier jet, cold-air damming, etc.) as was done for the
cases presented here. While this also happens in real time,
during a review session the meteorologist has more time to
examine the many products available on several scales.
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Schlatter, T.W., 1983: Forecasting convection with the
PROFS system: a detailed look at thunderstorms and
interacting gust fronts on the afternoon of 12 August 1983.,
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Appendix 1
DARE-II case reviews are limited by the length of time of the
case and by the set of products available for display.
Satellite, radar, and mesonet products require the most disk
space due to their high temporal frequency. Summer case
reviews are approximately 10 hours of data while winter
cases are approximately 16 hours. Longer review sessions
are possible for winter cases since not all radar products
(0.2°, 1.2° and 2.5° scans) are restored.

2. Satellite Products (WV = Water Vapor)
A. lnfrared; (N.H .,Nat.,Reg.,Col.,WFO)
B. WV/lnfrared Combo; (N.H. , Nat., Reg., Col.)
C. Visible; (Nat., Reg., Col., WFO, SubWFO)

3. Radar Products
A. Images (ZJV = reflectivity [dBZ] and velocity)
0.5° ZN; (WFO)
1.2° ZN; (WFO, SubWFO)
2.5° ZIV; (SubWFO)
4.0° ZN; (Sum) (WFO, SubWFO)
7.0° ZN; (Sum) (WFO)
B. Graphics
3 hour precip; 3 hour and storm total snowfall (WFO)
1 hour precip; 1 hour and storm total snowfall
(SubWFO)

The following list of products are those you can expect to
have on DARE-II when reviewing summer and winter cases.
Products available for only winter or summer are indicated
with "Win" or "Sum" repectively. The list is by product type
and includes the scales on which the products are
displayed. The deconding is as follows:
Northern Hemishere;
National;
Regional;
Colorado;
Warning and Forecast Office - the area of
responsibility in the upcoming reorganized
National Weather Service (approximately
400 km on a side);
SubWFO= an area whose size is a circle with 115
km radius from the radar;
Metro =
an area defined by the Denver-Metropolitan
area.

N.H.=
Nat.=
Reg=
Col=
WFO=

4. Vertical Scale Products
A. Radiosonde Plots- soundings west of the 90° w long.
B. Profiler observations; Platteville and Stapleton
5. Other products
A. Mesonet observations (WFO, SubWFO, Metro)
B. Local area lightning strikes (WFO, SubWFO)
C. Mesonet streamlines (SubWFO)
D. Topographic Image (Col., Metro)
E. Pirep Plots (Col.)

The following list gives the products available for display
during DARE-II review mode.
1. AFOS Graphics
A. Model Products
MRF/AVN (N.H., Nat., Reg)
NGM (Nat., Reg.)
Families
MRF (N.H.)
AVN (Nat.)
NGM Grids (Nat.)
MAPS
500 mb and Surface Comparisons (Nat.)
B. Max/Min temperatures (Nat., Reg, Colo.)
C. 24 hour precipitation, snow cover (Win) (Nat.,Reg.,Col)
D. Radar summary/legends (Nat., Reg.)
E. Surface geostr wind & vorticity analyses (Nat., Reg.)
F. Analysis, 12, 24, 36 and 48 hr frontal position
(Nat.,Reg)
G. Surface plots - SAO's only (Nat, Reg, Col, WFO)
H. Upper air plots - 150, 200, 250, 300, 400, 500, 700,
850 mb (Nat.)
I. Other graphics (all Nat scale):
1) 6, 12, 24 excessive rain outlook and QPF 2) 12,
24, 36, and 48 hour air stagnation; 3) 12, 24, 36,
and 48 hour freezing level.weather depiction; 4)
Normal Max/Min analyses; 5) MSL pressure
analyses; 6) Lightning summary; 7) Ll/K index; 8)
Sat Interpretation message
9) Watches and warnings; 10) Convective
Outlooks (Sum)
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3.11
INTERACTIVE CAPABILITIES WITH SPECIAL SENSOR DATA ON THE U.S. NAVY'S TESS(3)

C. Crosiar, K. Richardson and J. Boyle
Naval Oceanographic and Atrrospheric Research Laboratory, Atrrospheric Directorate
Monterey, CA 93943-5006

1.

The U.S. Navy's Environmental Workstation

This paper addresses the special sensor
data received by the Navy developed and produced
AN/SMQ-11 meteorological data receiver-recorder
and passed to the TESS(3) satellite disks over
an IEEE-488 bus. Specifically, descriptions of
the special sensors are provided followed by the
interactive capabilities of the system.

The United States Navy has developed a
computer workstation capable of ingesting real
time satellite data, called the Tactical
Environmental Support System, third generation,
or TESS(3). This computer, a Masscomp 6605 with
an Empress Database Management system, is
expected to reside at both ashore and afloat
sites. A carrier configuration of the system is
shown in Fig. 1.

2.

The Special Sensors

The special sensors of the NOAA and DMSP
satellites are those sensors which produce
sounder and microwave data. For the NOAA
satellites, the special sensors are found in the
TIROS Information Processor data stream which
includes the TIROS Operational Vertical Sounder
(TOVS.) High Resolution Infrared Radiation
Sounder (HIRS) and Microwave Sounding Unit (MSU)
are the two primary sensors in the TOVS data
stream. The TOVS spatial resolution is 56 km.

HIGH-RESOLUTION
COLOR MONITOR
TRACKBALL
KEYBOARD
(ALL WORKSTATIONS)

The special sensor on board the DMSP
satellite is the Special Sensor Microwave Imager
(SSMI). This sensor has seven channels and four
frequencies, 19 GHz, 22 GHz, 37 GHz and 85 GHz.
Data for each frequency (with the exception of
22 GHz) is both horizontally and vertically
polarized. The spatial resolution for this
sensor varies from along-track of 69 km at the
lowest frequency to 15 km at 85 GHz (DMSP,
1989.)

UNINTERRUPTIBLE
POWER SYSTEM
AND BATIERIES

CV CONFIGURATION

3.

Special Sensor Data

Once the special sensor data are processed
the TOVS data reside in the database as vertical
soundings or retrievals. The SSMI data are
processed to the values of water vapor, cloud
water, liquid cloud water, rain rate and surface
wind speed.

Fig. 1. TESS(3) hardware configuration for an
aircraft installation.
The three graphics terminals of TESS(3)
are supplemented by 16MB of RAM and several
standard communications interfaces. Four 384MB
disks provide l.2GB of storage. Two of the
disks are dedicated to satellite data. This
allows raw satellite data from a maximum of six
14-minute passes to be available on line; three
National Oceanic and Atrrospheric Administration
(NOAA) satellite passes and three Defense
Meteorological Satellite Program (DMSP) passes.
The satellite conventional imagery data, visible
and infrared, are processed in real time while
the special sensor data are processed after the
14 minute NOAA or DMSP pass has been received.
All satellite sensor data must be earth located,
calibrated and antenna pattern corrected.

3.1

Interactive Capabilities

The TESS(3) system allows the operator a
whole host of interactive capabilities. These
capabilities are the Single Overlay Operations
Functions (SOOF') which allow graphics manipulation, drawing and labeling of displayed
satellite imagery using a trackball. These
functions are described below.
SET BACKGRXJND CDLOR displays a 32 color
color bar. Select a background color from the
color bar and the change is instantaneous.
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ADD 1.EXT allows operator-entered text to
be added to the screen contents.

SET DEFAULT LINE AT'.lRIBUTES displays line
styles in a menu listing the available line
styles with an example of each. If the
selected line style has variable colors, a
color palette of 32 colors appears.

MOVE is used to move an operator-selected
object to another position on the screen.

PRODUCT LABEL allows an operator-entered
text label to be displayed on the screen. The
label is displayed at the cursor position.

~IFY LINE is a powerful tool for changing the shapes of lines presently displayed.

3.2
SAVE DISPLAYED IMAGE saves the current
display screen contents for later display.

Applications for TFSS(3)

The following is a blend of the applications in the first upgrade to TE~S(3) as well
as the follow on applications. The 'IOVS
applications are addressed first followed by
SSMI applications. The first upgrade to
TESS(3) includes a satellite cloud analyses
package. This software combines conventional
and special sensor data to provide the
operator detailed information on the mesoscale
cloud features. A cloud classification image
results from the conventional data and is
overlai.d with a pattern of boxes which
represent the 'IOVS retrieval locations
corresponding to the displayed image.

READ XY returns the current XY cursor
position in screen coordinates.
ClJRSOR READ returns the latitude and
longitude of the current cursor position.
ClJ.R.SOR DIRECT moves the cursor to an
operator-specified latitude/longitude position
on the screen.
ZOOM redisplays the current screen
contents with a specified zoom factor applied.
The operator is prompted to select a zoom
factor (times 1, times 2, times 4 or times 8.)
On selection of a zoom factor, the operator
positions the cursor at the center of the area
for which a zoomed display is desired.

The operator may interrogate a cloud
pixel for additional information by using a
trackball. Then, after selection of available
retrieval location, the software searches the
database for the corresponding TOVS sounding
in order to compute and display a cloud top
height and temperature. In addition the
interactive capability allows overlay of
several fields at one time. For example, a
full field or a point source of SSM/I data
(water vapor, cloud water and/or liquid cloud
water) at 25 km resolution on top of the
height and temperature field and/or on top of
the classified cloud image.

~AM shifts the information currently
displayed around the screen as the cursor is
moved.

R>TATE allows an object on the screen to
be turned or rotated under operator control.
The operator selects an object to rotate by
positioning the cursor on the object. The
operator designates the angle of rotation by
positioning the cursor relative to a horizontal line.

The TESS(3) conventional imagery data
capabilities transition to the special sensor
data as well. Therefore, grid field data are
overlaid with special sensor data from the
microwave imager data such as water vapor,
wind speed, precipitation and rain rate.

IR ro Tm.pERAIDRE ~IOOS converts
infrared satellite imagery data to temperature
values. This function returns the actual
temperature at the current cursor
position.

Figure 2 illustrates the wind speed field
as compared to the Naval Operational Global
Atmospheric Prediction System (N(X;APS) field
for the coincident time.

CIRCLE/ELLIPSE positions and draws either
a circle or an ellipse on the screen.
HIGHLIGHT changes the color of a chosen
object on the screen.

A combination of 22 and 37 GHz frequencies, or a working 85 GHz channel, indicates
areas of precipitation. For a mesoscale
operation the SSMI wind speed parameter
provides detail where the resolution of a
global model is too coarse to discern.

FILL colors an entire enclosed area with
an operator-selected color.
DELETE erases an operator-chosen object
from the display.

These capabilities allow the operator or
forecaster to assess the environmental conditions in their immediate area (up to 1000 km 2 )
only minutes after receiving satellite data.
Environmental display of cloud type, height,
temperature, moisture variables and field
analyses, provides the operator with a better
understanding of the current weather with
respect to icing, turbulence and
precipitation.

CHANGE LINE TYPE is used to change the
line style or symbol of a currently displayed
line.
WEATHER SYMIDLS provides a utility to
display various meteorological symbols.

DRAW provides line and symbol drawing and
labeling options.
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Both polar orbiting satellites, NOAA and
DMSP, are slated for upgrades which include
additional sensors (Richardson, 1990). Software changes for ground receiving stations
are necessary in order to reduce data loss
for these satellites. How dynamic is the
processing software to handle two of the same
satellites with different data formats?

3.30

For an interactive workstation to provide
real time satellite data the issue is technology versus operations. The technology and
operations duo is similar to a quarterback
. and receiver. For operations to complete a
pass, operations must be kept aware of the
technological progress! More importantly,
operations must be aware of technological
modifications and new implementations far
enough in advance to know exactly where the
ball will be thrown.
REFERENCES
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Figure 2. SSMI wind speed in m/s as compared
with NOGAPS wind speed field.
4.

Staying Ahead of Technological Progress

The greatest limitation of a real time
satellite acquisition system is the robustness
of. the system hardware and software. The next
decade should prove to be one of increased
spatial and spectral resolution for satellite
sensors requiring additional storage and
increased processing speeds.

NOARL contribution no. 91:001:431 . Approved
for public release; distribution is unlimited.
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1.

2.1

INTRODUCTION

For a number of years, the Forecast Systems Laboratory (FSL), formerly the Program for Regional Observing
and Forecasting Services (PROFS), has been developing
interactive meteorological workstations as functional prototypes for the National Weather Service's A WIPS-90 (Advanced Weather Information Processing System for the
1990s) system, a key element of the NWS modernization
program planned for the 1990s. The latest version of this
prototype workstation system, referred to as Pre-AWIPS, is
being installed in the Norman, Oklahoma, Weather Service
Forecast Office (WSFO) as an early verification and validation of A WIPS-era capabilities, procedures, and support
systems (Bullock and Walts, 1991). In Spring 1991, this
system will replace the AFOS (Automation of Field Operations and Services) consoles in the Norman forecast office for
the operational display and dissemination of weather information.

The WSR-88D radar system, depicted in Figure 1,
includes several basic components. The RDA (Radar Data
Acquisition) is responsible for controlling the antenna,
transmitter, receiver, and front-end signal processing. It
sends "base" Doppler radar data - calibrated reflectivity
factor (Z), radial velocity (V), and spectrum width (W) - to
the RPG (Radar Product Generation) computer over a
wideband data link. The RPG in tum processes the base data
into a large number of displayable products. As the products
are created they are transmitted via narrowband channels to
the radar data user-interface computers known as PUPs
(Principal User Processors). A number of "associated" PUPs
may connect to a single RPG over dedicated 9.6 kbaud lines;
a PUP may also receive products from a "non-associated"
RPG over a dial-out connection. In addition to the many 9 .6
kbaud PUP channels, one channel on the RPG supports a 56
kbaud link to a user interface called the RPG Operating
Position (RPGOP); except for the higher bandwidth and
improved product throughput, the RPGOP is functionally
identical to the other PUPs. Finally, the UCP (Unit Control
Position) is an alphanumeric terminal connected to the RPG.
The UCP monitors and controls all radar operations and
communications lines, functions not performed on any PUP.

One of the AWIPS-90 functional requirements being
tested in Pre-AWIPS is the ability to ingest and display
products created by the WSR-88D, the 10-cm Doppler radar
system - until recently known as NEXRAD (NEXt generation weather RADar) - that is being deployed nationally as
another component of the NWS modernization. To meet this
requirement, FSL has developed an interface subsystem,
called the NEXRAD Product Interface (NPI), to receive
products (images, graphics, and text) from the WSR-88D and
reformat them for display on the Pre-AWIPS system.

RPGOP
PUP

In this paper, the requirements and design of the NPI
subsystem are reviewed, and the use of WSR-88D radar
products in the context of Pre-A WIPS is discussed.
2.

WSR-88D

ROA
RPG
PUP

RPGOP

REQUIREMENTS

UCP

Requirements for the NPI Subsystem follow largely
from the characteristics of the WSR-88D communications
protocols and data formats, and from the Pre-AWIPS database and workstation architecture. Additional requirements
derive from the desire to emulate various aspects of WSR88D user-interface functionality within the Pre-AWIPS
context. In this section we present an overview of the WSR88D and Pre-AWIPS systems and discuss the NPI requirements imposed by those systems.

- Radar Data Acquisition
- Radar Product Generation
- Principal User Processor
- RPG Operating Position
- Unit Control Position

Fig. 1. Major components of the WSR-88D.
Products generated by the RPG include "base products" (Z, V, and W) in PPI (Plan Position Indicator) radial
image format, and "algorithm," or derived, products. The
algorithm products provide such information as storm tracks
and forecast positions, mesocyclone and tornado vortex
signature (TVS) positions, Velocity-Azimuth Display (VAD)
wind profiles, layer composite reflectivity, vertically integrated liquid (VIL), and rainfall estimates. Many algorithm
products are created as raster images, while some are graphic
overlays and others are non-overlayable multicolor graphics.

1
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In addition, some products have associated text information
that supplements the graphical information.

Each PUP establishes a list of up to 20 products,
called the Routine Product Set (RPS) List, to be generated
and sent by the RPG for each volume scan cycle (every 5 to
10 minutes, as determined by the Volume Coverage Pattern,
or VCP). The RPS List may be modified by the PUP user,
and is changed automatically when the VCP changes. A PUP
user may also issue requests to the RPG for "One-Time
Request" products that are not in the current RPS List. These
requests may specify that the product is to be sent for multiple volume scan cycles. Finally, the user may send to the
RPG alert criteria that will cause an alert message to notify
the PUP when those specific meteorological conditions are
met. The alert criteria are selected from a list of parameter
thresholds and algorithm results (e.g., reflectivity exceeding
60 dBZ, or identification of a mesocyclone ); the criteria are
associated with two alert areas that the user defines graphically on the PUP.

Formats for image and graphical products are designed for efficient access and display on the workstations.
Hence, all image products are stored in 512x512, 8-bit-pixel,
raster image format. Images are loaded directly into the
display memory without additional scaling, formatting, or
remapping. Graphical display data (e.g., overlay contours,
plots, and maps) are stored in metacode files, using display
instructions that have been optimized for quick loading. The
metacode also allows for data "decluttering" to display
additional data as the product is zoomed on the screen.
Before they can be displayed, all geographical
products in Pre-AWIPS are mapped to predefined scales and
projections. This allows image and graphical data from
different sources to be combined and manipulated efficiently
on the display screens. Thus, a key NPI requirement for
processing WSR-88D data is to map the received data, scaled
for PUP displays, to the appropriate Pre-A WIPS map projection for each product (Table 1).
Table 1. Radar Product Map Scales

RPG-to-PUP communications use the bit-synchronous ADCCP (Advanced Data Communications Control
Procedures) protocol at the data link layer. The information
frames of the ADCCP protocol contain an X.25 network
layer protocol for packet switching using two virtual circuits.
The two circuits allow for normal and high priority messages
(e.g., alerts) to be interleaved. At the application level, a
number of message formats are used for the various product,
alert, and status messages. Depending on the product,
displayable data may consist of combinations of such packet
types as:
•vectors (linked, unlinked, and contours);
• text and special character symbols;
•map data;
•radial data (run-length encoded);
•raster data (run-length encoded);
• vector arrow data; and
•wind barb data.

Coverage
(km)

Resolu- Base
tion (km) Products

Local
Lambert
(Oklahoma) Conformal

750x750

1.46

Z

WFO

460x460
Local
Stereographic

1.0

Z,V,W

Sub-WFO

230x230
Local
Stereographic

0.5

V,W

Metro

Local
115x115
Stereographic

0.25

V,W

Another feature of Pre-AWIPS, originally implemented for the DAR3E system, is the ability to toggle quickly
between reflectivity and velocity base products (Lipschutz et
al., 1989). To do this, the NPI Subsystem must merge the 4bit Z and V image data into combined ZN image products.
Further, since ZN toggling is desirable on the Sub-WFO and
Metro Scales as well as on the WFO scale, the 1-km Z data
must also be remapped to those smaller scales if the corresponding V data are received.

Given the general requirement to essentially emulate
an associated PUP in Pre-AWIPS, three basic requirements
are imposed by the nature of the WSR-88D. The subsystem
must be able to: 1) establish and maintain data link and
network layer (ADCCP and X.25) connections with an RPG;
2) identify and process all received product data and other
message formats; and 3) format RPS Lists, One-Time Requests, and Alert Requests, and send them to an RPG.
2.2

Pre-AWIPS Projection
Scale

The next major NPI requirement, actually imposed by
the WSR-88D but constrained by the Pre-AWIPS architecture, is the implementation of workstation application programs for the user selection of RPS Lists, One-Time Requests, and Alert criteria. Applications in the context of PreA WIPS use a set of application interface routines that provide a variety of user input and display options on workstation screens. Beyond simply emulating the PUP in this area,
these mechanisms offer the opportunity to substantially
streamline user interactions with the RPG.

Pre-AWIPS

The Pre-AWIPS system comprises a set of graphical
and text workstations, database and product generation
computers, and data ingest computers. The system uses
Digital Equipment Corporation (DEC) Micro VAX computers
assembled as a Local Area VAX Cluster. In this configuration, files written to the database by an ingest machine are
easily retrieved for display by any workstation. The workstations are based on a design developed by FSL for the DAR3E
(Denver A WIPS-90 Risk Reduction and Requirements
Evaluation) project (Bullock et al., 1988; Bullock and Walts,
1991).

Finally, in addition to receiving and processing data
from the Oklahoma City (Twin Lakes) WSR-88D unit, the
subsystem must also be able to simultaneously maintain
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associated links with at least two other radars, the units at
Frederick, Oklahoma, and at Vance AFB, Oklahoma, when
they become available. The coverage area of these radars is
included in an expanded warning responsibility area for the
Norman forecast office to be demonstrated as part of the PreAWIPS program.
3.

As shown in Figure 3, each functional area comprises
a number of separate processes. Timing, synchronization,
and communication among the processes rely on a DEC
product called P AMS (Process Activation and Message
Support). With a few exceptions, PAMS eliminates the
explicit use of such programming mechanisms as timers,
event flags, mailboxes, and global areas. PAMS is the basis
of message passing throughout the Pre-AWIPS system. One
exception to the use of P AMS for interprocess communication in the subsystem is the use of a global memory area for
passing received data between the Network Control and
Message Dispatcher processes. The timing of data arrival
and size restrictions on P AMS messages warrants the use of a
global area in this case.

DESIGN

Configuration of the NPI Subsystem is shown in
Figure 2. The processor for this subsystem is a VAXserver
3300 with the following features:
• 20 Mbytes memory;
•Ethernet;
• RF30 disk (150 Mbytes) local storage;
• VMS operating system.
As noted earlier, the system is a member of a DEC Local
Area VAX Cluster. As such, it can share disk resources with
other processors in the cluster. A second identically configured V AXserver 3300 is included in the system as a backup
NPI processor; we anticipate that no degradation in PreAWIPS performance will occur when operating with the
backup processor.

The remainder of this section describes the four
software functional areas in more detail.
Control & Monitor
Subsystem
Control

Message
Buffer

Backup

NPI
Subsystem

Simpact
Packet
I/O

WSR-88D
Communications
PAMS
VAXserver
3300

VAXserver
3300

Fig. 3. Software functional areas in the NP/ Subsystem.
3.1

WSR-88D Communications

The WSR-88D Communications functional area is
responsible for establishing and maintaining physical, data
link, and network layer connections to the RPG. As mentioned previously, a Simpact ICP board handles much of the
handshaking required by the ADCCP data link protocol.
Software for the data link layer is thus tailored for communicating with the Simpact ICP, not ADCCP frame processing.
The Data Link Control process first down-loads information
on the physical line characteristics (e.g., baud rate, polledframe and carrier loss time-out lengths, and maximum packet
size) into the ICP, and then tries to establish a link connection. Once the appropriate r~ply is received, ADCCP information frames can be transmitted. At this point, only errorfree information frames and ADCCP mode-setting commands are seen by the software; the ICP handles all error
correction and supervisory frames on the line. The Data Link
Control process forwards all ADCCP information frames to
the Network Control process for further dissection. As
shown in Figure 3, one Data Link Control process is required
for each radar, and each Simpact ICP port, connected.

Pre-AWIPS Ethernet

Fig. 2. Hardware configuration of the NP/ Subsystem.
Data link layer (ADCCP) communications with the
RPG are handled by a Simpact 1622 Intelligent Communications Processor (ICP). This board controls all ADCCP
communications functions using a DEC Micro!f-11 processor, thus giving the V AXserver more time for data processing. The Simpact ICP is configured for up to four data lines
simultaneously, with one at 56 kbaud and the rest at 9.6
kbaud. Figure 2 shows how three of those ports are allocated
for connections to the Twin Lakes, Frederick, and Vance
radars.
Software in the NPI Subsystem is divided into four
functional areas:
• WSR-88D Communications;
• Message Processing;
• Control and Monitor;
•Workstation Applications.
The first three areas represent software residing on the NPI
processor, only loosely coupled to the rest of the Pre-AWIPS
environment. The fourth area includes software running in
the context of the Pre-AWIPS workstations.

The X.25 network layer Network Control process is
responsible for handling all X.25 handshaking and supervisory functions and assembling received data packets into
complete RPG messages that can then be turned into Pre169

be mapped on-the-fly without look-up tables because of their
variable nature. Finally, the color bar and product labels are
added to the image. As noted earlier, reflectivity and velocity pairs are mapped into high and low nibbles (4 bits) of an
image product to facilitate ZIV toggling on the Pre-AWIPS
workstation. Other product pairs, including spectrum width
and velocity, and storm-relative velocity and regular velocity,
are also specified. Processing decisions, such as the scale to
which a product is mapped or whether products are paired,
are dictated by the Message Parameters File; this file also
holds information used in product labeling and file naming.

AWIPS products. As packets are received, the X.25 control
bytes are stripped off and the data portions are inserted into
the global Message Buffer. On receipt of the last packet of a
message, a notification of the message's location in the
buffer is sent to the Message Dispatcher. The Network
Control process also handles the sending of messages from
Pre-AWIPS to the RPG. When a properly formatted message
is received from Pre-AWIPS, the data are segmented into
proper length packets, X.25 control information is inserted
ahead of the data, and the X.25 information frames are sent to
the Data Link Control process. As noted earlier, the network
software must maintain two virtual circuits to distinguish
high priority alann/alert messages from normal products and
messages. Also, as with Data Link Control, a separate
Network Control process is required for each radar.
3.2

Raster image processing requires unpacking runlength encoded raster data packets. Depending on the product, the data are then mapped into the 512x512-pixel output
image array either by using a look-up table or by simple pixel
replication. A look-up table is needed for products that map
to a geographic scale; the pixel replication method is used for
products such as Weak Echo Region and Reflectivity Cross
Section, which are not associated with a pre-defined scale.

Messa~e Processin~

The transport layer Message Dispatcher is responsible
for directing received product messages to the appropriate
product transform tasks. On notification from Network
Control that a new message is available in the Message
Buffer, the Dispatcher extracts information from the
message's header to determine the identity of the message.
The disposition of each message type is specified in a key
subsystem file called the Message Parameters File. If the
message is one that requires processing by one of the message processing tasks, the entire message is sent to the designated task. In addition to sending the data, the Dispatcher
also writes the received messages to disk files organized by
volume scan; data from these files may be retrieved by
product processing tasks (e.g., for ZIV pairing) and could
also serve as an archive for subsequent playback and processing. After the data are transmitted and stored, the Dispatcher
releases the Message Buffer space allocated to the message.

Graphics processing involves two basic operations:
1) converting the various vector, contour, alphanumeric, and
other RPG-defined graphics packets to Pre-AWIPS graphics
metacode, and 2) rescaling pixel coordinates associated with
each packet for the target Pre-AWIPS scale. To optimize the
coordinate rescaling operation, a polynomial transform is
applied to the input coordinates. The polynomial coefficients, computed off-line, are derived from parameters of the
input and output map projections; this technique eliminates
the need to evaluate complex trigonometric expressions in
the real-time software.
Text products require relatively little processing
compared to the other product types. The input format
specifies lines of text grouped into pages. The processing
task removes line length and page count information and
assembles the pages of text into formatted text files
displayable on the Pre-AWIPS text workstation. Some text
products arrive as a tabular alphanumeric block appended to
a graphic product. These text products are handled by the
graphics task using the same text processing modules as used
for the stand-alone text products.

Product processing in the NPI Subsystem is divided
into four separate programs to handle the four types of
products generated by the RPG:
• radial images;
• raster images;
• graphics (overlays and multi-color);
•text.
While the software to transform each type is unique, each
task follows several basic steps.
1) Receive a product from the Message Dispatcher.
2) Identify the product, and reformat and/or rescale
the data, as needed.
3) Decode information from the product headers for
use in product annotations (e.g., color bar labels,
max/min values) and storage.
4) Store the reformatted product in the Pre-AWIPS
database.
5) Notify Pre-AWIPS that a new product is available
for display.

In addition to processing product messages as described above, the subsystem must also handle various "nonproduct" messages. Although processed by a single task,
each of these requires its own treatment. The General Status
Message (GSM) includes a number of flag and information
fields that describe the state of the radar system; it is sent
when an RPG link is established and when changes in RDA
or RPG status occur. The Non-Product Message Handler
decodes the GSM fields, identifies the changes, and sends
status messages to the Pre-AWIPS workstations; the most
important of these messages pop up with a bright red box on
the screen to ensure that they are seen. In addition, a graphic
product summarizing the radar status is created for display on
the workstation. Two other types of messages, Alerts and
Product Request Responses, are also forward to the PreAWIPS workstations and displayed automatically in a radar
status window. The Alert Adaptation Parameters and Product
List messages are decoded and stored as ASCII text files.

Processing radial image products first involves decompressing run-length encoded radial format packets. Then
the data are mapped from radial (polar) to Cartesian coordinates. For most products, the mapping uses a scale-dependent look-up table that identifies the nearest radial bin for
each image pixel; several 50x50-km "window" products must
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3.3

user to specify the areal coverage and alert criteria for two
alert areas tracked by the RPG. For selecting an alert area,
the application displays a grid of 16x16-km boxes over the
920-km diameter radar domain, and then provides graphical
editing functions to add or delete boxes and so define the area
of interest. The user then selects up to ten alert-triggering
criteria for that area from a menu of threshold values and
algorithm results. As with the previous applications, the user
transmits the Alert Request to the RPG. Also, like the RPS
List, the alert parameters are defined in common for all the
workstations.

Control and Monitor

The Control and Monitor functional area is responsible for starting and maintaining NPI Subsystem operations.
The primary program, Control, activates all the other subsystem processes. It then monitors those processes by receiving "heartbeat" and status messages from those tasks. If a
process fails to send a heartbeat within the expected time,
Control will take action to restart it. Control handles status
messages by writing them to a subsystem log file and routing
them to the NPI Subsystem Monitor process for display.
Also, selected status and error messages are posted to a
"bulletin board" file that is accessed by a Pre-AWIPS-wide
monitoring utility.

4.

The intent of the NPI Subsystem is to enable the PreAWIPS workstation to access WSR-88D products as if it
were an associated PUP. However, numerous differences are
evident in the way products are used in the two systems. In
this section, we discuss several key differences.

The NPI Subsystem Monitor is an interactive utility
program that displays information from the various subsystem processes. Several pages of information are available
that provide trace and status information on communications
and dispatcher activity, product processing, and RPS List and
one-time product requests. Whereas this monitor is intended
mainly as a diagnostic tool, it is expected that the Pre-AWIPS
monitor and the workstation status message windows will
serve as the primary sources of status information regarding
radar and NPI operations.
3.4

USING WSR-88D PRODUCTS IN PRE-AWIPS

Probably the most meteorologically significant
feature of Pre-AWIPS not available on the PUP is its ability
to integrate data from many sources. This allows the user to
combine radar products with such data as lightning and
mesonetwork observations, spotter reports, and satellite and
topography imagery. An image-combining function on PreAWIPS lets the user fade or toggle between any two images
on a given scale. This feature is also important for the ZN
products discussed earlier. Another major difference is PreAWIPS' ability to easily loop (animate) all products by
default; the PUP limits looping to three user-selected products at a time. In terms of product selection, Pre-AWIPS
features pop-up on-screen menus which are organized by
scale and data type, while the PUP uses a more static data
tablet for most product selections.

Workstation Applications

Workstation applications are programs running in the
context of the Pre-AWIPS workstation that enable a user to
interactively request, manipulate, and display data and
products. Three applications have been developed to emulate
key activities supported on the WSR-88D PUP: the RPS List
Editor, the One-Time Request Generator, and the Alert
Request Generator.

We note that some PUP features that might be desirable to emulate in Pre-AWIPS have not been because of their
difficulty to implement within the Pre-AWIPS design. These
include a continuous readout of cursor location and height
above ground, and a "linked" cursor feature that allows
cursors on the two PUP screens or on the four panels of a
quarter-screen-mode display to track each other geographically. Other features of the PUP, such as either displaying
products from a received product queue or automatically
displaying all received products, were deemed undesirable
for implementation in Pre-AWIPS.

The RPS List Editor allows users to create, modify,
and save RPS List files, and send new RPS Lists to the RPG.
This menu-driven application provides numerous options for
specifying products and parameters to be included in the RPS
List. We note that the selection of RPS Lists must be coordinated among users, since there is only one physical NPI link
to the RPG, and hence only one RPS List at a time is associated with all the Pre-AWIPS workstations.
The One-Time Request Generator is the mechanism
for requesting products that are not included in the RPS List.
To run this application, the user selects the "request" option
for the desired product. The user is then prompted for the
value of one or more parameters associated with that product.
When the user is satisfied, a request message is sent to the
RPG. The requested product will be processed and deposited
in the Pre-AWIPS database in the same way as routine
products. Thus, products requested by one workstation are
available for display on any other. To keep track of outstanding requests, all RPS and one-time products are posted to the
Pending Request List, which is maintained by an NPI process
called the Pending Request Handler; when a product is
overdue, this process will signal the workstation of the
possible problem.

5.

CONCLUDING REMARKS

We have briefly described the NEXRAD Product
Interface Subsystem, developed as part of the Pre-AWIPS
meteorological forecasting system being installed in the
Norman, Oklahoma, WSFO. It is hoped that this project will
help to reduce the risks associated with the NWS' modernization program by identifying potential problems early and
gaining experience with the collection and use of new NWS
data sets. Regarding the WSR-88D, the Pre-A WIPS experience will help to resolve various technical and procedural
difficulties associated with connecting the WSR-88D to
external systems. As a result, we expect to expedite the
development of a WSR-88D interface by the contractor

The Alert Request Generator application allows the
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chosen to build A WIPS-90. From FSL's DAR3E experience,
it is also expected that forecasters' suggestions for improvements in radar product access and presentation, and performance of application programs, will result in a better user
interface. Finally, it is hoped that the operational use of
WSR-88D radar products in an integrated workstation environment will lead to improved nowcasting and forecasting
techniques, as, for instance, discussed by Dunn ( 1990).
Once the subsystem successfully supports operations
of the Norman WSFO with data from the Twin Lakes WSR88D unit, the plan is to expand its capabilities so as to simultaneously handle links to the Frederick, Oklahoma, and the
Vance AFB, Oklahoma, units as well; these units are currently scheduled to be on line in August 1991 and January
1993, respectively. This will allow us to test an A WIPS-90
requirement for creating a surveillance product by
mosaicking data from several radars.
6.
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THE INTERACTIVE RADAR ANALYSIS SOFTWARE (IRAS) PACKAGE

David L. Priegnitz
Institute of Atmospheric Sciences
South Dakota School of Mines and Technology
501 E. St. Joseph Street
Rapid City, SO 57701-3995

1.

INTRODUCTION
TABLE 1

Is Doppler weather radar analysis something
which can only be performed at locations which
have available mainframe computers and expensive
high resolution graphics workstations? The data,
usually saved in a spherical coordinate reference
(azimuth, elevation, and range), consist of many
megabytes of information. As a result, considerable processing power is required to convert these
data to a cartesian coordinate reference for display. This is a task usually left. to mainframe
computer systems. In addition, to adequately
display the data for analysis, expensive high
resolution graphics workstations are usually
connected to the mainframe.

IRAS Hardware Configuration Requirements
and Options
Minimum Requirements:
1.
2.
3.
4.
5.
6.

The competitiveness of today's personal
computer market has resulted in low cost, high
performance computers which are affordable to most
researchers. Running in a stand-alone environment, most of these systems have the processor
power and high resolution display capabilities
to compare favorably with higher cost graphics
workstations. Currently, PC's ·are used extensively to support various research efforts. A
major data source in these resarch efforts has
been conventional and Doppler weather radar.
With this in mind, a software package called IRAS
(the Interactive Radar Analysis Software) has
been developed specifically for the display and
analysis of weather radar data on personal
computers based on the Intel 80286 and 80386
microprocessor running under MicroSoft DOS.
2.

80286 CPU
1 Mb Memory
Mouse
Hard Disk Drive
Enhanced Graphics Adaptor (EGA)
Colar Monitor

Suggested Options:
1.
2.
3.
4.
5.

80386 CPU
Math Coprocessor
Cache Memory
Fast Hard Disk (at least 30 ms
access time)
At least 80 Mb Hard Disk Storage

table from which the user can select the display
type, zoom center and level, display limits,
correct errors, and more. Interactive functions
which are available include: direct pixel interrogation, histogramming, color table selection
and editing, color thresholding, cross sections,
reconstructed RHI's, volume scan selection, fixed
elevation angle selection (PPI), constant height
selection (CAPPI), zooming, field selection,
generating laser print files, and generating
display files to be used in animation sequences.

OVERVIEW OF !RAS

Table 1 lists the hardware requirements
for IRAS and some additional options which can
improve performance. Although IRAS will run on
AT compatible machines (based on the 80286 CPU),
performance can be doubled using an 80386 machine
running at 20 MHz. Performance can be improved
by using one or any combination of the following:
Cache memory (10-20% increase), faster CPU, math
coprocessor, faster hard disk drive.

Before discussing the IRAS software in
greater detail, a brief discussion of the radar
data format is necessary.
3.

IRAS provides the user with a set of tools
to view and interact with weather radar data which
have been reformatted and stored on hard disk.
The major IRAS capabilities are summarized in
Table 2. Several display types are supported,
including: slant PPI, Constant Altitude PPI
(CAPPI), vertical cross section, and reconstructed
RHI. IRAS provides a fully interactive control

DOPPLER RADAR DATA FORMAT

The most common format for Doppler radar data
exchange is the Universal Format (Barnes, 1980).
Data records are stored by radial. Each range gate
along the radial has a data value associated with
it, and each record has its own header. Each
record also contains the data for one or more
fields (e.g., reflectivity, Doppler velocity, ••• ).
A file of radials for one or more azimuth and
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Universal Format Tape

i

TABLE 2
Major IRAS Capabilities

Strip Headers
Separate Fields

1.

2.

Select display type from:
a. Slant PPI
b. CAPP!
c. Vertical cross section
d. Reconstructed RHI

I

Interactively edit color tables through
a special color table editor.

4.

Select volume scans by time of day
and level.

5.

Histogram the contents of a selected
rectangular region of the display
window.

6.

Obtain detailed information at a
selected location inside the display
window through direct interrogation.

7.

Overlay other data types:
a. Radar range rings
b. Aircraft flight tracks
c. Lightning strikes

I

Intermediate Disk Files

t t i

Change display attributes through
interactive control table editing.

3.

I

I

I

Compress Data
Create Azimuth/Elevation LUT

I

Universal Format to !RAS format
conversion process.

~:

elevation angles to data position within the file.
This last step allows IRAS to quickly find any
piece of data within the volume scan.
4.

8.

Reconstruct RHI's from volume scan data
and use a subset of IRAS analysis
functions to interact with the data.

9.

Save display window for future looping.

10.

Create HP-LaserJet format print files.

11.

Set lower and upper thresholds on
displayed color levels.

12.

Create a vertical cross section along
selected line segments in the display
window.

13.

Select field to be displayed.

14.

Zoom display window.

THE IRAS PROGRAM

All IRAS software was written in Microsoft
FORTRAN 5.0 using a number of language extensions
to the FORTRAN-77 standard. A major design philosophy was to minimize the number of keystrokes
required to initiate a function. Consequently,
all IRAS functions can be initiated by pressing
a single key.
An IRAS display consists of several fixed
windows: A display window, annotation window,
prompt window, status window, and menu window.
In addition, a color bar is displayed across the
bottom of the screen. The position of these
windows is presented in Fig. 2.
Before running IRAS, a list of the file
names containing the data to be displayed must be
created and saved in a file. Any text editor can
be used to accomplish this. Once a volume scan
files list is created, IRAS can be run. The
files list filename must be entered into the IRAS
Configuration Table which appears on the screen
after IRAS is invoked. A number of control fields

elevation angles is referred to as a volume scan.
When analyzing these data, it is more efficient to
remove as much redundancy as possible. This not
only allows faster access to the data, but also
reduces considerably the disk storage requirements.
When working on a normally configured PC, this is
a necessity.
IRAS requires the Universal Format data to
be reformatted. This reformatting process is
summarized in Fig. 1. In the first step, data
are extracted from 9-track magnetic tape and the
redundant header information is removed from each
record. In addition, individual fields are
separated. In the second step, each data record
is compressed by removing all gates not containing
a value above a specific threshold. In the last
step, data are saved in a direct access format and
a lookup table is created relating azimuth and
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Annotation Window

Prompt window
Display Window
Status Window

Menu Window

----- Color Bar -----

~:

IRAS PPI/CAPPI screen layout.

Radar: CP4/RP5
Date : 07/ 17/1989
Field: DZ

S i te : CENTER,
Time: 14:14:56 CD
Azimuth: 198.5

Radar: CP4 / RP5
Date: 07 / 17/ 1989
Field: DZ

Site: CENTER,
Time: 14:14:56 CD
Elevation: 1 . 5

150 kn
100 :kn

16. 0

.o

Radial Distance (km)
60.0
90 . 0

30.0

120.0

150. 0

12 . 8
9.6

se:kn

.. ·· ·· ··

6. 4

__ ,.28)m..

3.2

'_,_.-t.7 _
\ ··) ··· ··:·· ···· ·· ·· ····· ····
"·....:::....··'

.o

-.

Range min:
Height rnin :

~:

5.0

~:

15.0

25.0

35.0

45.0

55.0

25.0

15. 0

5.0

.o
.o

45 . 0

35.0

Range rnax:
150.0
Height rnax:
16.0

55 . 0

Range int:
Height int:

65 . 0

15 . 0
1.6

Example of a reconstructed RH! print file.

volume scan. Not only does !RAS generate a
reconstructed RH!, but the user is also supplied
with a set of functions to interact with the
display. These functions include: direct
interrogation, two-dimensionql panning and
zooming, color table selection and print file
creation. An example of a reconstructed RHI is
presented in Fig. 4.

65 . 0

Example of a PP! print file.

can be set from this control table, including:
display field mnemonic, display sector azimuth and
range limits, color levels, display window center
and default zoom level, and range ring overlay
definitions.
Once the !RAS Configuration Table is edited,
!RAS builds a volume scan directory using information contained in the headers of the volume scan
files pointed to by the volume scan files list.
This information includes: radar name, date, scan
time, scan levels, and scan mode. To display a
slant PP! or CAPP!, one is prompted to select the
volume scan by time and level (slant PP! only).
Initially, the display uses the zoom fields in
the control table to set the center of the display
window and the zoom factor. The slant PP! or
CAPP! display is generated in a polar ~oordinate
reference starting with 0 degrees and proceeding
clockwise to 360 degrees . The time it takes for
the display to be generated depends on the amount
of data to be displayed. Figure 3 presents a
black and white laser printer plot example of a
slant PP! display using the !RAS print function.
This function is initiated through function key
selection.

In addition to thus generating a vertical
cross section along a fixed radial (reconstructed
RH!), !RAS provides the ability to create vertical
cross sections along any user defined straight
line segment. An example of this type of cross
section is presented in Fig. 5.
Radar: CP4/RP5
Date:
07/17/1989
Field: DZ

16.0

.o

12.7

Site: CENTER,
Time: 14:14:56 CD
X-Section

Horizontal Distance (km)
25.4
38.1
50.8

63.5

12 . 8

As mentioned earlier, IRAS provides the user
with a generous number of capabilities (see
Table 2). The basic !RAS package comes with a
single color table. However, additional tables
can be generated using the Color Table Editor
function. Since !RAS uses 12 of the 16 EGA color
registers for displaying data, the Color Table
Editor allows one to set any of these 12 registers
from the full palette of 64 colors. When more
than one color table exists, the desired table can
be activated by pressing a specified function key.
A major function of !RAS is the ability to
selectively create reco nst ructed RHI's from a

-

9. 6

6. 4

3.2

.0
5.0

15.0

25.0

35.0

X-min:
.0
X-max
Height min:
.o
He i ght max
Left Coordinate (azimuth,range)
Right Coordinate (azimuth,range

45.0

55 . 0

63.5
X-int:
16.0
Height int:
(225 . 8, 77.9)
(172 . 4, 52.1)

Example of a vertical cross section
print file.

~:
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65.0

6. 4
1. 6

!RAS provides an interrogation function which
allows the user to choose, using th~ mouse, any
location within the display window and receive
detailed information about the data displayed at
the location. For PPI and CAPP! displays, this
information includes: data value, elevation
angle, corrected height, data sample time. In
addition, the user can edit or delete this data
value.

personal computer. A number of tools are provided
for the user to interact with the data. Several
display types are supported with up to 12 different color levels. A fully interactive color
table editor is provided to allow the user to
customize color enhancement of the data. Tools
are provided to assist the user in locating
specific data. For example, the interrogation
function has been used successfully to identify
first echoes and determine first echo heights
(Smith et al., 1990). Presently, the overlay and
vertical cross section functions are being used
together in relating radar data to aircraft
penetrations.

The center and zoom level of the display
window can be changed interactively using the
mouse. The marked location becomes the new zoom
center and, depending on whether the left or right
mouse buttons are pressed, the display is zoomed
up or down by a factor of 2. This process can
be repeated as often as required. If the user
chooses, the display window can be set to the
initial default conditions.

Given the widespread availability of personal
computers today, IRAS provides an inexpensive
alternative for the analysis of Doppler radar data.
Acknowled7ments. The majority of the
development ef ort has been supported under
NOAA-ND Cooperative Agreement NA90AA-H-OA176,
Federal-State Cooperative Program in Atmospheric
Modification Research under Subcontract
ARB-IAS-90-1.

The IRAS overlay function allows specially
formatted aircraft flight track and lightning
strike data to be overlaid on a PPI or CAPP!
display. The user can specify the size of the
time window to use when displaying these data.
For lightning overlays, positive and negative
strokes are represented by different symbols.
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SUMMARY

An interactive analysis system, IRAS, has
been developed for the display and analysis of
Doppler radar data on a minimally configured
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THE IMPLEMENTATION PLAN FOR MCIDAS-AIX

David A. Santek, Thomas M. Whittaker, J. T. Young, William L. Hibbard
University of Wisconsin
Madison, Wisconsin

1.

INTRODUCTION

structure access routines used by applications
have identical interfaces and functions. The
entire run-time environment of an application
appears the same in either system . It is our
goal to embrace McIDAS-AIX in the same manner as
the OS/2 version.

The McIDAS (Man-computer Interactive Data
Access System) has been evolving since its
beginning in 1972 . This evolution has been
driven by needs of the user community . As the
name implies, the Interactive Data Access System
is one which requires fast access to the data
base. In 1982, we chose to move McIDAS to an
IBM mainframe, in part because of its I/O
capabilities (Suomi, et al., 1983). This
decision has worked out well as the system is
now used in many world centers which have been
predominantly IBM MVS shops. The upsurge of
UNIX and its proliferation within the Meteorology community has generated a need for McIDAS
to be supported under UNIX. SSEC plans to port
the McIDAS-OS2 version to IBM AIX 3 . 0 (IBM's
version of UNIX) running on an IBM RISC
System/6000. Support will continue for McIDASMVS and McIDAS-OS2. This paper describes the
implementation plan and changes we are making in
our user support, documentation, and source code
management to accommodate the third operating
system.
2.

3.

IMPLEMENTATION ISSUES

Supporting three operating systems is a
big challenge and has required that we design
and consolidate many of the Fortran applications
so that one version will work in all three
environments. Ideally, this will reduce
testing, documentation and user interface
support requirements, because they can be
maintained collectively. It also allows us to
do this with minimal increase in our staff .
We also have a strong desire to remain
as generic as practical in using features of the
AIX/UNIX operating systems and X Windows. In
most cases, this is not an issue; however,
certain designs were driven somewhat by this
desire. As an example, the use of Dynamic Link
Modules (Dl.M) in the MVS and OS/2 versions of
McIDAS. The solution to this resulted in a
balance between employing unique AIX features
and performance of the system. The Dl.Ms are
used for coordinate transformations, for example
to draw base maps on satellite images, so
performance was a large consideration.

BACKGROUND

McIDAS was initially implemented in a
Harris/5 system running DMS. In 1982 SSEC began
rewriting the system for IBM's MVS operating
system. The resulting limitations in interactivity, coupled with the need for smart,
flexible, inexpensive workstations, led us to
consider field programmable microcomputers for
use as workstations. We also desired one user
interface across all workstation configurations,
as well as multiple communication methods (high
speed Local Area Networks, and dedicated and
dial-up remote access). These considerations
drove us to begin an implementation in 1985 of
what became know as PC-McIDAS (Ide, 1987). At
that time, an IBM PC/AT running the DOS
operating system was the only viable choice.
Three years later, we moved to OS/2 (Dengel, et
al., 1989) to gain the advantages of preemptive
multi-tasking, and to remove the memory
restrictions that DOS imposed .

Most other issues are being resolved:
how much of X Windows to use for display of
images and graphics; how to manage source code
for the three operating environments; what types
of Graphical User Interfaces should be
developed.
4.

MULTIPLE OPERATING SYSTEMS

The evolution of McIDAS has resulted in
moving the source code from the mainframe into
the OS/2 environment in the past three years.
While several hundred modules were found to be
common between the two environments, Fortran
language syntax differences led us to provide
separate maintenance and development arenas for
both. As modules are now moved into the AIX
domain, concerted efforts are underway to
resolve these syntax differences and create a
truly Common suite of source code for all
McIDAS. As far as we have been able to

At present, McIDAS-MVS on the mainframe
consists of SOOK lines of source code, in
hundreds of modules. McIDAS-OS2 is a subset of
the MVS version, making considerable use of the
existing mainframe code . All of the data
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- Since the use of the WWW eliminates the need
X Windows for the image display, the loading
images and generation of graphics will occur
faster. For example, with McIDAS-OS2, a 500
640 image or a 7000 point graphic can be
displayed in about 2-3 seconds.

determine, this is a unique endeavor within the
industry: attempting to support essentially the
same software package running under AIX, OS/2,
and MVS.
5.

X-WINDOWS

7.

X Windows provides the basis for the user
interface under UNIX. A proof of concept was
done to use X Windows for both text and graphics
on a Stardent GS 1000 Graphics Supercomputer
(Santek, et al., 1990). This effort showed
McIDAS workstation functionality in a UNIX
environment. On the System/6000 we have
investigated the use of X to display images and
graphics and have found the results for static
displays to be quite adequate. However, it is
animation that is the backbone of weather
~nalysis systems, and on moderately-priced UNIX
machines, the speed of the refresh is slow enough
to produce an aesthetically unpleasing (and thus
less useful) display. A loop of images seems to
be "torn."

SOURCE MANAGEMENT SYSTEM

There are two goals for the Source Code
Management of McIDAS: (1) make the management
tools common across all three platforms;
(2) provide for as much common code for all three
environments. This section discusses the
realization of these goals.
To provide common tools, it was necessary
to find a common domain for programmers and User
Services personnel to work in. Our first thought
was to use the 4381 mainframe computer, complete
with editors, source management tools and data
base software. After some time it became
apparent that the development arena on the
mainframe was inadequate to meet the needs of any
platform except the mainframe.

We will do no further extension of the
implementation of image and graphic display with
X until the manufacturers implement Release 4 of
X Windows which makes use of double buffering
needed to do seamless animation. Until this
time, we cannot promote this type of display as a
"McIDAS" display, since it is often not
quantitatively useful.

We set about exploring the availability
of commercial tools for dealing with source ·
management and version control on DOS-based LANs.
We selected the TLIB (tm) package from Burton
Systems and found it a good choice. It provides
for enough security and cross-checking to prevent
inadvertent modifications and collisions between
programmers from occurring.

Other areas related to X revolve around
the user interface. At the lowest common point,
all McIDAS applications use a Command Line
Interface (CLI), while most modern "useroriented" systems promote Graphical User
Interfaces (GUI). Initially, McIDAS-AIX will
have the look and feel of McIDAS-OS2. But, we
believe strongly in leaving all opportunities
open for integrating other interfaces with the
McIDAS systems and plan to continue to explore
alternatives which may be applicable. (In the
OS/2 version of McIDAS, we investigated several
forms of graphical data tablets, fast function
key menus, voice interfaces, etc., all with a
goal toward making the system more usable.)
6.

for
of
much
X

Two other elements were needed: a standard editor and a means to create recompilation
lists. The choice of an editor was easy to make
but difficult to enforce since several employees
had their own 'favorite' editors. We settled on
QEDIT (tm) from SemWare because of its ease of
use and user-defined tailoring. The other
aspect, that of creating recompilation lists,
proved more difficult. Unlike the MAKE concept
in UNIX, we needed to marry the occurrence of a
change of a particular module (as indicated from
the TLIB Journal) to the recompilation of a
particular program that referenced it; complete
with information that the changes to module 'x'
had triggered the recompilation of program 'y.'

WIDE WORD WORKSTATION

Our solution was to write a program to
read the TLIB journal and then refer to accurate
Link Map listings to determine the need for
recompilations. While one program will meet the
needs of all platforms, it was necessary to write
a program within each domain to create the Link
maps for that domain, owing to the unique output
from each environment's link edit program. This
also gave us the possibility of creating
platform-specific batch files which are used to
automatically recompile modules.

The SSEC WIDE WORD Workstation (WWW) will
also be an option for displaying images and
graphics. This is a separate unit consisting of
a monitor and an expandable array of video
memory, which is presently driven by IBM PS/2s
and PC/ATs running the McIDAS-OS2 software. An
interface card also developed at SSEC, plugs into
a System/6000 MCA (Micro Channel Architecture
(tm)) slot to communicate with the WWW. The WWW
extends the image display capabilities of the
System/6000 by providing:

8.

•
•
•
•
•
•
•
•

8 bit image with 8 bit-plane graphic overlays
true animation at rates up to 1/30 second
hardware roam and zoom function
better pseudocolor enhancement
user-defined, dual cursors
hardware driven annotation and split screening
ability to animate four loops on one display
three independent video channels, up to two
monitors
• NTSC compatible

SCHEDULE

McIDAS-AIX running on a System/6000
driving a WWW is scheduled for an initial release
in the summer of 1991. Though this effort is
relatively new, it has progressed at a good pace
by reworking the low level routines so as not to
require changes in the intermediate routines and
applications programs.
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The Source Management System is evolving
toward meeting its goals also by the summer of
1991. At present, the OS/2 and AIX code is being
handled completely through the methods described
above. Integration of the mainframe software
will take a few months; most of this time will be
used to identify those modules which can be made
common to all platforms.
9.

10.
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1.

INTRODUCTION

CIRA operates a full-resolution, Direct Readout
Satellite Earthstation to support a variety of research
projects. Often times, however, a simple display
animation of real-time GOES imagery is desirable.
For example, a graphics monitor that animates the
past 24 hours of images located in every lab and some
offices is a considerable contribution to ongoing
weather and climate research efforts. Furthermore,
this distribution of GOES data should be able to
display any sector in response to simple commands.
Requesting these additional data sets from the central
data collection system and accessing it via the local
area network may unduly push the capacity of the
research system to its limits. The network traffic
alone may cause unacceptable performance problems.
The ideal solution is to have multiple, desktop sized,
GOES earthstations.

CIRA Telemetry lmtrumentatloa

. - - - - - - - - . Clock
Bit Synchronizer

and Data

Parallel

Data with
Strobes

•

Frame Synchronizer
wtth 16Kbyte flFO

Frame Synchronizer
with l 611byte F1FO

Block

Sectortzer

2.

DESKTOP EARTHSTATION

_

Parallel

Interface

Today, personal computer parts are readily
available and very economical. CIRA has built GOES ·
earthstation hosts for under $2,000 supported by
telemetry equipment already in place for the central
data collection system. The GOES transmission
signal coming from telemetry equipment is split for
each display area and fed into a generic frame synchronizer (see Figure 1). A single frame synchronizer
can service up to thirty hosts. Each host must be
located within fifty feet of the frame synchronizer.
3.
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and Display

Parallel
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PC CollecUon
and Display

Other Dbplay Areas

Routing data to PC earthstations.

The DMA generates a hardware interrupt every
50 milliseconds. To display an image, however, most
of this data is not needed. Specifically only every
12th interrupt is needed. The purpose of the Block
Sectorizer hardware is to filter out unnecessary data
from the frame synchronizer. As a result, the host is
only interrupted every 0.6 seconds. This is a manageable interrupt rate for the PC to service while displaying the incoming image scan line by scan line. Using
the Block Sectorizer to minimize interrupts gives the
user a choice of collecting infrared channels one or
two, or 4km vertical resolution visible data.

HARDWARE AND SOFTWARE
DEVELOPMENT

GOES data is transmitted at 2.1 megabits per
second. This data is provided to the host by direct
memory access (DMA). Omnicomp Graphics
Corporation provides a DMA PC interface that emulates the DEC DRVl 1 DMA protocol. This interface
was chosen since CIRA already has designed and
built a DRVl 1 interface to the central data collection
system.
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All software is written in standard C with the
exception of the device driver responsible for servicing DMA interrupts. Porting the code to a different
environment requires rewrite of the device driver
only.

New !ICan line transferred to memory
OMA Interrupt

~ OMA !ntcmmt Ss:rytcc Routine

The device driver is written in Turbo C since it
must read and write I/O ports. Turbo C provides a
mechanism for connecting a routine to an interrupt
vector. The device driver uses this mechanism to
establish an interrupt service routine connected to
the DMA interrupt. When an interrupt occurs, the
driver enqueues the buffer of transferred data to the
tail of a full queue. Then a buffer is removed from
the head of a free queue and another transfer is
requested to that buffer. This use of free and full
queues results in an asynchronous, interrupt driven
algorithm. Conversely, a synchronous, sequential
implementation is not capable of keeping up with
the high data rate.

queue of
full buffers

queue of
free buffers

Rca)·Dmc lmaec Qfsplay Bnuttnc
New transmlaalon detected
Determine sector bo1.mdmy

get a full butrer from queue head

The beginning scan line, number of scan lines,
beginning pixel, and number of pixels are all specified in a text file. At the start of each image transmission, the text file is read to determine what sector is
to be displayed. The data type is also specified by this
file. Displaying an incoming image involves removing a buffer from the head of the full queue and
comparing it to the requested sector boundary. Pixels
in a scan line are averaged to fit the screen display
width. (VGA mode with 256 colors and 320 x 200
resolution is used.) Scan lines are accumulated and
averaged to fit the display height. When a scan line
is ready for display, the values are dithered to
accommodate the 64 gray scale capability of the VGA
display mode. A color table is applied to infrared
imagery to show cloud tops. For VGA mode graphics, displaying a scan line is accomplished by addressing the appropriate display memory location (see
Figure 2).

Fig. 2. Ingest activity showing asynchronous
interrupt driven implementation.

· 4.

SUMMARY

A low cost, off-the-shelf, personal computer is
utilized as a complete GOES satellite direct readout
earthstation and display system. This system provides real-time display and animation of GOES
imagery to multiple sites throughout the facility with
no impact on the central computing resources. Each
display is a standalone system. To add another display, the only additional expense required is that of
another PC and DMA interface. Any sector from the
full frame transmission may be defined for ingest.
Immediately upon completion of the sector transmission, an image data file is available for other uses.
The system is always ready to ingest and display an
image from GOES data transmission and is not
dependent on a fixed schedule.

At the end of a transmission the image is time
stamped and the bit map is read directly from display
memory and written to a data file. During the time
between image transmissions, the PC is free to animate previous images. A program loop reads data
files and loads them to display memory. A delay is
invoked between image loads. The number of images to accumulate in data files, the location of files,
and the delay between image animation can be controlled by parameters in a text file. Some PCs' disk
drive access are too slow to show a smooth animation. This problem is easily solved by operating system software that maps memory as a virtual disk
(often referred to as a RAM disk). The data files are
also available for other types of image processing.

5.
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1.

INTRODUCTION

the reader should be aware that the polygon approach
fits the surface of an object with hidden or internal
information lost unless additional polygon fits are
undertaken.

The evolution in graphics-based engineering
workstations has resulted in computational systems
that can efficiently produce complex three-dimensional scenes via computation on geometric models.
The process is started by developing a geometric
model or approximation to the desired object. The
geometry engine is the computational heart of the
workstation and is programmed to generate model
output that is displaye~ in vector form. The threedimensional effect is accomplished by using illumination and shading algorithms. An excellent text on
the topic of graphics is Foley and Van Dam (1984).

A more efficient and interesting way of
handling volumetric data, such as that generated by
Doppler radar, is the octree representation. In this
pa per, octree encoding of cloud and radar images is
used to fuse the data to allow visualization of physical processes occurring within a cloud. Computergenerated images are used to illustrate the approach.
2.

Workstation platforms can also be programmed to operate on image data produced by
geoscience sensors, however, observational data can
require careful consideration of spatial and temporal
resolution when operating on data to generate visualization displays. With observational sensor data,
the sensor-generated image is composed of pixels
whose magnitude represents the value of the process
being observed. The pixel resolution, both spatially
and temporally, is sensor dependent.

OCTREE ENCODING

The three-dimensional octree is an extension
of the quadtree method of encoding of two-dimensional images as described in Hunter and Steiglitz
(1979). This is illustrated in Figure 1 where the large
square is the universal element. The universal
element is subdivided by factors of two (in the order
shown) until a subsquare of pixels contains homogeneous data. In Figure 1, the first subdivision results
in square 0, 1and3 being empty with square 2 being
partially filled. This requires further square 2 subdivision. Repeating the subdivision process results in
a five level tree. Note that at level 4, the four small
squares containing data are indicated by node 2.
Finally, the three independent data squares are
shown at level 5 by nodes 3, 0 and 1.

Given the image, one method for generating a
three-dimensional surface rendering of the data is to
approximate the object's shape with a set of plane
polygon faces. Depending on the pixel resolution,
the result may or may not provide a smooth threedimensional scene. However, smoothness can be
enhanced by interpolation at the expense of increased
computation. Note that interpolation can often
smooth features in the original data and must be
carried out with this issue in mind. The polygon
method is again described by Foley and Van Dam
(1984) and in the computer graphic book by Hearn
and Baker (1986). An example using satellite cloud
data is Brubaker (1982) and using satellite cloud data
with radar is Vonder Haar, et al. (1988). At this point,

In terms of the tree structure, if the universal
square is completely filled with data the tree would
be terminated at level 1 with a full node of dimension 16 x 16. Likewise, if the lower left quarter of the
universal element is filled, the tree would be terminated at node 2, level 2, with dimension of 8 x 8. The
key issue in developing the tree is the subdivision of
the universal element and subsequent sub-elements
by powers of 2. This results in a structure that leads
to a simplified computer implementation using
183

recursion. However, this requires the universal
to be represented by a 2n x 2n array where
n is an mteger. For example, with 512 x 512 images,
n = 9.

3.

el~men~

The work illustrated in this paper uses IR data
from the GOES satellite. Before encoding is started,
the pixel radiance values from the IR image are
converted to altitude values in an integer format.
This is done using the best available information
about the variation of temperature with altitude.
The resulting integer-valued pixels are then placed
into a 128 x 128 pixel array that represents cloud tops.
The cloud base altitudes, which cannot be observed
from the satellite, are estimated using sounding and
are placed into the cloud base array. With the two
arrays, for any pixel we have a base value and a
maximum height value, both given as a value above
sea level. The data between the two values represents the cloud that will be octree encoded. Each
pixel in the cloud data can be thought of as a stack of
"bricks" with each "brick" being an altitude. In our
results section, the value of each brick has been set to
1 km, however, this can be varied to stretch or shrink
the cloud at the discretion of the user.

IMAGE ARRAY

.:llJ~

Level 4, Dimension 2x2

Level 5, Dimension h:1

• Full

0

~

Empty

Partial

Fig. 1. An example of quadtree encoding.
Extension of the quadtree structure to three
dimensions results in the octree used to represent
three-dimensional objects. Two good references
from a computer graphics point of view are Jackins
and Tanimoto (1980) and Meager (1982). In graphics
work, geometric models are used to generate scenes
that are well defined for encoding purposes.
Observational data from the atmosphere, on the
other hand, is typically varying continuously in
corn.Position. and size. With an observational image,
the image pixels represent depth so the universal
cube is used to enclose the data. This is illustrated in
Figure 2 where a cube of size 4 x 4 x 4 is the universal
cube. The universal cube is then subdivided as illustrated. Here, subcubes 3 and 4 are partially full while
subcubes 2, 6 and 7 are full. Similarly, subcubes O, 1
and 5 are empty. Continued subdivision results in
the tree representing the total encoding.

The radar data is first placed into a rectangular
coordinate system via use of appropriate algorithms.
The dBz return volume is then placed into the universal cube and the octree encoding done. Because
the dBz returns within the volume are unique at
each subcube, color coding throughout the volume
can be undertaken. This allows visualization of any
part of the volume by peeling or slicing. This is illustrated in Figures 3 and 4. Figure 3 shows a total radar
reflectivity volume while Figure 4 shows a volume
peeled about halfway through. Note that the interior
of the volume shows the highest reflectivity indicating liquid and/ or ice conditions. Also note that the
octree-encoded data has been rotated via a new
rotation algorithm.
4.

0 Empty

() Partial

S1ored to file as :
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0
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1 1
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DATA FUSION

The octree-encoded cloud and radar data sets
are collocated as closely as possible. All data were
taken from the CINDE experiment. The cloud
encoded data is shown in Figure 5 while the radar
data is that shown in Figures 3 and 4. In the fusion
process the key issue is the correct temporal and
spatial alignment of the data. This also implies the
correct calibration of the data. With IR cloud data,
soundings must be utilized with appropriate temperature to altitude conversion algorithms to place the
cloud data into a correct coordinate structure corresponding to the radar coordinates. Figure 6 shows
the initial fusion with the radar data at a greater altitude than the cloud. With the sounding information
available, this was the best we could do unless additional adjustments were made. Figure ,7 illustrates
an adjustment along with rotation and shows the
cloud as a wire frame over the radar data. Note that
the wire frame includes each subcube.

level 3. size 1

•Full

CX'TREE ENCODING OF CLOUD
AND RADAR DATA

1

o• • • o • oo • •I

Fig. 2. An example of octree encoding.
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Fig. 3. Octree-encoded total radar reflectivity (in dBz).

Fig. 7. Adjustment of Fig. 6 with rotation. Cloud
data is now shown as a wire frame over the radar
data.

Fig. 4. Octree-encoded radar reflectivity (in dBz);
volume peeled about halfway through.

Fig. 8. Visualizing the fusion process sliced version of Fig. 6.

this is a

Fig. 5. Octree-encoded IR cloud data.

Fig. 9. Visualizing the fusion process sliced version of Fig. 6.

Fig. 6. Initial fusion of cloud data with radar data
(at a greater altitude than the cloud).
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another

At this point, the reader can visualize the
fusion process and because of the volumetric representation via octree encoding, the data can be sliced.
This is illustrated in Figures 8 and 9, which are sliced
versions of Figure 6. Here, the viewer can easily slice
through the data to observe where the high dBz radar
returns are occurring within the cloud. This has the
potential for illustrating where within a cloud
formation severe icing and/ or precipitation regions
occur.

7.
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CONCLUSION

Our initial work on data fusion using octree
encoding of IR cloud data and Doppler radar returns
is shown. Future work requires careful calibration
and temporal and spatial collocation of the data so
that accurate data fusion can be used for correct scientific visualization that leads to valid understanding
of physical phenomena.
6.
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1.

IN1RODUCTION

The success of the first interactive personal data
so great~ ten years ago, that they played an
important roll m the establishment of the personal computer industry. The capability to enter data (once) in matrix format,
perform mathematical operations on different cell combinations
and display the results nearly instantaneously has becom~
indispensable in both the business and scientific arenas. The
ease of developing custom applications and performing multiple
"what if' exercises without having to reenter all the data has
made the spreadsheet a standard tool for many people in both
areas.

The image spreadsheet design is presented and illustrated by typical data arrays in both spectral and temporal domains. The specifications of the hardware necessary for adequate performance are also given.

Scientists working with imaging instruments with many
channels or seeking to overlay images from more than one instrument routinely develop matrixes of images to display their
results. These arrays can be thought of as being static image
spreadsheets. The arrays are needed for data from Landsat,
SPOT, GOES, NOAA satellites, and instruments in the planning stage such as HIRIS and MODIS on the proposed EOS
satellite. Presently static image arrays are laboriously assembled
generally for publication purposes for only a small percentage
of the most interesting cases.

. Ex~p~es of several ~ge spreadsheet implementations
are given m Figs. 1-4. These implementations show the configurations of cells on the screen at any given instant. The basic
sprea~s~eet consists of an 8 X 8 matrix of image cells each
contammg 160. X 128 P.ixels which is displayed on a standard
128~ X 1024 pixel monitor as shown as configuration 1 in Fig.
1. Smee a cell usually ~ontains only a small subset of a larger
data set, a second momtor may show a larger data set with a
box outlining the location of the subset. Each row of the
spreadsheet can be dedicated to an instrument channel or combination thereof while each column may be allotted to the raw
data and various enhancements. A larger virtual spreadsheet
may be defmed and can be scrolled through in an analogous
manner to the traditional data spreadsheets on personal compute~. ~ larger cell size is ~es~ the darker lines in configuration
1 mdicates a 4 X 4 matrix with cells of 320 X 256 pixels which
~e shown a~ a blow up in configuration 2 (Fig. 2). An
mstrument with a large number of channels requires a 3D
spreadsheet also illustrated by configuration 1. In this case the
primary channel is shown on the upper-most spreadsheet and
the other channels are represented as layers below which can be
selected as pages.

~preadsheets ~as

A new generation of moderate cost super-workstations
has recently come on the market. These workstations integrate
the processing power, very large general purpose memory, and
mass data storage of a mini-supercomputer, with the most advanced image/graphics capability, and an extremely high-perf?rmance data bus. The power of the personal super workstations has reached the point where one can extend the interactive
spreadsheet concept to the image proces~ing field.
The interactive image spreadsheet has the following
primary objectives: 1) To provide high performance hardware
and software which allows rapid display of image arrays of raw
and derived products so that scientists may efficiently view
large and complex data sets. 2) To allow the investigator to
easily (interactively) experiment with various combinations of
channels using a library of standard algorithms and to be able to
enter custom algorithms. 3) To give interactive and dynamic
spreadsheet capability with with fast zoom, roam and animation.

2.

SYSTEM DESIGN

2.1

Sweadsheet Configurations

Configuration 3 (Fig. 3) shows how a multiple channel
(spreadsheet rows) instrument which makes observations as a
f~nction of time (spreadsheet columns) would be presented. If
ume averages or composites are us~ful then they could be represented as a ~roduct column (see nght-most column in Fig. 3).
A total of 64 ume steps can be represented simultaneously in a
8 X 8 field as shown in in configuration 4 (Fig. 4) which
~ould i~clude the option of full screen animated display of the
time senes.

A basic spreadsheet configuration may consist of an
8_X 8 matrix of image cells each containing 160 X 128 pixels
displayed on a standard 1280 X 1024 pixel workstation monitor. Cells normally contain only a small subset of a larger data
set, therefore a second monitor may show a larger fraction of
the data set with a box outline showing the location of the subset. Each row of the spreadsheet can be dedicated to an instrument ch~el or combination thereof while each column may be
reserved for the raw data and various enhancements. A larger
3D virtual spreadsheet can be defined which may be scrolled or
paged through in an analogous manner to the traditional data
spreadsheets on personal computers.

2.2

Ciraphicall]serinterfaces

A graphical user interface such as the one used by the
will be used to control the spreadsheet functions. This will give a finely tuned responsive interface without
using up valuable monitor surface space which can be reserved
for the spreadsheet image cells. The new Apple NUX version
of UNIX will make communication with a standard UNIX super-workstation practical.
~pple M~cin.tos~
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Raw Data
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Product 2
False Color
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I
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Syn.Stereo
(comb 1/2)

Product 4

I

Perspective
(comb 1/2)

1280 ---------------------------------------------------------------I< ----------------------------------------------Function 1: Click on any square to blow up to full screen

Mode A: With Legends
Mode B: W/0 Legends
Mode C: With Grids
Note:
Note:

~

Function 2: Zoom & Roam in spreadsheet mode (full frame on separate monitor for reference)
Function 3: Animated display of various channels and products (Eg. Click on two squares)
This spreadsheet is one layer of a conceptual 3D spreadsheet where Channel n is one of many channels.
Darker lines indicate show symbolically cells actually seen on the monitor

Fig. 1. Image spreadsheet configuration 1: Standard 8 X 8 matrix with optional 3D layering of sheets if desired.
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Mode B: W/0 Legends
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Function 1: Click on any square to blow up to full screen
Function 2: Zoom & Roam in spreadsheet mode (full frame on separate monitor forreference)
Function 3: Animated display of various channels and products (Eg. Click on two squares)

Fig. 2. Image spreadsheet configuration 2: Subset of Fig. 1 with larger cell size and resulting fewer cells.
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Function 2: Z.oom & Roam in spreadsheet mode (full frame on separate monitor for reference)
Function 3: Animated display of various channels and products (Eg. Click on two squares)

Fig. 3. Image spreadsheet configuration 3: Multiple channels and products as a function of time with time composite.
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Fig. 4. Image spreadsheet configuration 4: Sixty-four frame time sequence of any cell in configuration 1.
189

The graphical flow-chart approach to data management,
image processing and derive product calculation such as the
Application Visualization System (AVS) model of the Stardent
Corporation will be used to help the user keep track of the
complex processes necessary with the massive data sets with
many channel which are expected.
2.3

Imau Spreadsheet Ap_plications

Imaging instruments presently in use and those on the
drawing boards promise to bury us in data. Present instruments
have tens of channels and those planned may have hundreds of
high resolution channels which will be continuously spewing
out data. In order to efficiently utilize this data, much more
powerful tools must be developed. There are many potential
applications for the image spreadsheet including EOS (HIRIS
and MODIS),GOES Next, TRMM. These data sets may be
simulated using current instruments in the following manner: 1)
HIRIS using: Landsat, Spot, and Aircraft instruments;
2) MODIS using: GOES, NOAA A VHRR and Aircraft instruments (MCR, AMMS); 3) GOES Next using: GOES, NOAA
A VHRR, and Aircraft instruments (MCR, AMS); 4)TRMM
using: SSMI, ESMR, and Aircraft instruments (eg. Heymsfield
Radar)
2.4

lmau Spreadsheet Specifications

An interactive spreadsheet which would be able to handle the applications listed above would have to meet the following requirements.
Hardware Performance Specifications:
Dual Color Monitors (1280 X 1024 X 24 bits) which
will allow the implementation of standard 8 X 8 spreadsheet
with 160 X 128 pixel cells. Standard image operations, like
zoom, reduce, loop initialization etc., must be executable in less
than one second. It must be possible to do smooth and fast
roams of 160 X 128 X 24 bit X 64 cells on four 4096 X 4096
X 24 bit images. It must also be possible to do smooth anf fast
roams of 1280 X 1024 24 bits on 4096 X 4096 image with 10
image loop in progress. At least five and preferably 10 Gbyte
on-line storage must be available.
The workstation must have exceptional input/output
(I/O) bandwidth in order to be able to move the vast amounts of
image data from local and remote storage to the screen and manipulate it in a reasonable amount of time. To begin with the
bandwi~th of the system bus connecting main memory (RAM),
CPU, display memory, and I/O bus must be very high (eg >
100 MB/sec). The RAM must be very large(> 64 MB) so that
reasonable sized image spreadsheet arrays and animations may
be accessed at rates of 30 frames/sec. High performance access
to the local mass storage system on hard disk at a rate of at least
12+ MB/sec is necessary. This will probably require the use of
striping of multiple disks to achieve this bandwidth at a
reasonable cost. The new on-the-fly data compression and
decompression techniques with efficiencies of 25: 1 must also
be implemented as soon as possible. To access remote storage a
high performance network interconnect to Goddard data bases
and super computers (eg FDDI) will be required.
CPU resources must be very high in order perform simultaneous manipulations on numerous image cells and the
production of several products based on multiple cells interactively. An ideal workstation might dedicate an individual fast
RISC CPU to each cell.
lmau Enhancement techniwies·
Many standard image enhancement techniques will be
available in a tool box including: contrast stretch, local enhance,
high and low band pass filters, Laplacian illumination, edge
enhancement, perspective rendering. The system will be designed for easy insertion of the users own special enhancement
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algorithm.

Al~orithms

to be available for production of demon-

stration ;products·
Standard mathematical functions, such as addition,
subtraction, multiplication, division, mean, standard deviation
etc., may be performed easily on the image pairs or image
groups. A number of specialized algorithms such as those producing: rainfall estimates (eg. Adler/ Negri), cloud type (eg.
Susskind), vegetation indices, crop identification, correlation
functions (eg Hasler/Strong auto stereo analysis), and cloud
free composites, will also be available.

3.

RESULTS

Several prototype static image spreadsheets have been
developed on the Goddard AOIPS/2 system (Hasler and desJardins, 1987) using real data to investigate problems with data
formatting, annotation, and configuration etc .. These prototypes are being used to aid in the design of the true interactive
spreadsheet.
3.1
Four Channel Time Series of LANPSAT Thematic
Mapper Data With Derived Prociucts
·
Figure 5 is an example of an image spreadsheet application with Landsat MSS data. This figure shows four channels
of Landsat MSS data of the region surrounding Chernobyl
USSR near the time of the nuclear reactor accident on April 26,
1986 and various products which can be produced from these
data. Rows 1, 3, and 5 display Landsat imagery at 0800 UTC
for June 6, 1985, April 29, 1986, and December 2, 1986.
These images were taken the year before, three days after and
several months after the accident. Channels 3, 4, 5, and 6 are
displayed in columns 1 to 4. The wavelengths of these channels
are given in Fig. 6. Rows 2, 4, and 6 show some products
which can be obtained from these channels. The relative darkness of rows 5 and 6 is a result of the low sun angle found at
this latitude in December.
Columns 1 and 2 in rows 2, 4 and 6 are color composites of channels 3, 4, and 5 in which vegetation cover and bodies of water are enhanced. Note that vegetation appears green in
column 1 and red in column 2. Seasonal variation in vegetation
is clearly evident when viewing these data. A LANDSATderived vegetation index shown in column 3 of rows 2, 4, and
6 was obtained from a simplified version of a scheme originally
developed for A VHRR imagery. Deering et al (1975) proposed
the Normalized Difference Vegetation Index (NDVI):
NDVI = (NIR- VIS)/(NIR +VIS)

(1)

where NIR is the A VHRR near infrared and VIS the A VHRR
visible channels respectively. This index yields a measure of
photosynthetic capacity such that the higher the NDVI the more
active the photosynthetic cover (Sellers 1985). Figure 6 shows
a comparison of the band-width distribution for A VHRR and
Landsat channels. Landsat channels 3 were used as VIS and
channel 4 as NIR to duplicate the results obtained from
A VHRR. The following steps were used to convert the 8-bit (0
to 255) Landsat data to NDVI:
1. Cloud cover was screened by examining Landsat
channel 6 (thermal channel).
2. A straight forward conversion of gray scales (0 to
255) to albedo (0 to 1) was performed for NIR and
VIS and the NDVI (-1 to 1) was computed using
equation (1).
3. NDVI was rescaled to 0-255 for image display.

Fig.5. Example image spreadsheet matrix of 4 X 6 cells of LanclSat MSS data and various products.
Landsat channel 3 (visible)
June 6, 1985 0800 UTC
Color composite of channels
3 (blue), 4 (red), and 5 (green)
for June 6, 1985.
Landsat channel 3 (visible)
April 29, 1986 0800 UTC
Color composite of channels
3 (blue), 4 (red), and 5 (green)
for April 29, 1986.
Landsat channel 3 (visible)
December 2, 1986 0800 UTC
Color composite of channels
3 (blue), 4 (red), and 5 (green)
for December 2, 1986.

Visible
radiation
4

. .·
Landsat channel 6 (thertnal)
June 6, 1985 0800 UTC ·
Perspecnvederivedtrom .
thermal signature of cliannel 6
for June 6, :1985.
Landsat channel 6 (thermal)
April 29, 1986 0800 UTC
Perspective denved pum
thermal signature of channel 6
for April 29, 1986.
Landsat channel 6 (thermal)
December 2, 1986 0800 UTC
Perspective derived from
thennal signature of channel 6
for December 2, 1986.

Landsat channel 4 (near IR)
Landsatchannel5
.June 6, 1985 0800 UTC
June 6, 1985 0800 UTC
Color composite of channels
Vegetation index derived from
3 (blue), 4 (green), and 5 (red) channels 3 and 4 for June 6,
for June 6, 1985.
1985.
Landsat channel 4 (near IR)
Landsatchannel5
April 29, 1986 0800 UTC
Aoril 29, 1986 0800 UTC
color composite of channels
Vegetanon mdex derived trom
3 (blue), 4 (green), and 5 (red) channels 3 and 4 for April 29,
for April 29, 1986.
1986.
Landsat channel 5
Landsat channel 4
December 2, 1986 0800 UTC
December 2, 1986 0800 UTC
Color composite of channels
Vegetation index derived from
3 (blue), 4 (green), and 5 (red) channels 3 and 4 for December
for December 2, 1986.
2, 1986.
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Fig. 6. Wavelengths of various observations bands used by Landsat, GMS antj NOAA AVHRR.
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5

I

Fig. 5. Example image spreadsheet matrix of 4 X 6 cells of Landsat MSS data and various products (see cell by
cell annotation on previous page).
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Fig 7. Example image spreadsheet matrix of 4 X 4 cells of GMS infrared and SSM/I microwave data and products produced from these
channels.
GMS 11 µm lnfrared
June 26, 1989 2111 UTC
with enhanced cold temperatures
Rain estimate from
GMS 11 µm lnfrared
June 26, 1989 2111 UTC

GMS 11 mm lnfrared
June 27, 1989 2111 UTC
with enhanced cold temps

GMS 11 µm lnfrared
June 28, 1989 2011 UTC
with enhanced cold temps

GMS 11 µm Infrared
June 29, 1989 2211 UTC
with enhanced cold temps

Rain estimate from
GMS 11 µm Infrared
June 27, 1989 2111 UTC

SSM/I 86 GHZ Microwave
June 26, 1989 2022 UTC

SSM/I 86 GHZ Microwave
June 27, 1989 2009 UTC

Rain estimate from
GMS 11 µm lnfrared
June 28, 1989 2011 UTC
SSM/I 86 GHZ Microwave
June 28, 1989 1957 UTC

Rain estimate from
GMS 11 µm Infrared
June 29, 1989 2211 UTC
SSM/I 86 GHZ Microwave
June 29, 1989 1944 UTC

Rain estimate from
SSM/I 86 GHZ Microwave
June 26. 1989 2022 UTC

Rain estimate from
SSM/I 86 GHZ Microwave
June 27, 1989 2009 UTC

Rain estimate from
SSM/186 GHZ Microwave
June 28, 1989 1957 UTC

Rain estimate from
SSM/I 86 GHZ Microwave
June 29 1989 1944 UTC

193

3.2
SSMI Microwaye and OMS IR Time Series With Rain
Estimation Products
Figure 7 shows how an image spreadsheet can be used
to quickly, yet accurately compare products obtained from images. Row 1 shows a four day time series in June 1989 of
OMS infrared data encompassing the main islands of Japan;
row 4 shows the same for S SM/I 86 Ghz microwave data
from the polar-orbiting DMSP satellite. Rainfall estimates are
one of the products obtainable from these images. Row 2 presents rain estimates from the Convective-Stratiform Technique
(Adler and Negri 1988) using the infrared images in row 1,
and row 4 presents another rain estimation technique using the
microwave images in row 3. With an image display such as
Fig. 7 it is possible to assess the skill of these techniques as
well as reasons for variation in skill.
4.

CONCLUSIONS AND FUTURE WORK

A general system design with prototype configurations
for a interactive image spreadsheet have been developed. Static
examples using real LANDSAT, SSMI, OMS and GOES data
have been developed OQ. the Goddard AOIPS/2 image processing and analysis system. Benchmarking of computation graphical rendering and I/O for large data sets has been completed on
high performance Silicon Graphics Inc. 4D/340 VGX Iris super workstations and the Stardent 1000 graphics super computer. The selection and purchase of one of these high performance systems is scheduled for late 1990 when the implementation of the true interactive spreadsheet will begin.

5.
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AIRBORNE ANALYSIS OF OBSERVATIONS FROM A NOAA P-3
IN SUPPORT OF OPERATIONAL HURRICANE FORECASTING
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1.

during the final testing before its
installation on the aircraft.

INTRODUCTION

The structure of the hurricane
eyewall and rainbands has become
increasingly clear during the last 15
years as a result of research with NOAA
P-3 aircraft observations.
During
hurricane flights, meteorologists onboard
the P-3's are able to synthesize the
information displayed by the data system
and develop an accurate depiction of the
storm structure.
Although limited
subsets of the aircraft data have been
transmitted to the National Hurricane
Center (NHC) for more than 10 years,
forecasters sometimes prepare their
advisories without being aware of
significant aspects of storm structure
observed by the aircraft.
Real-time
access to more comprehensive aircraft
data sets that depict the mesoscale
kinematic and precipitation structure of
tropical cyclones would enable
forecasters to issue more accurate
warnings and forecasts.

2.

DATA RECORDING AND WORKSTATION

The P-3's have four separate
computer systems dedicated to recording
data.
These computers record flightlevel and stepped-frequency microwave
radiometer (SFMR), radar, ODW, and cloud
physics observations, respectively.
The
first three of these computers were
connected to the workstation during the
1990 season.
Table 1 shows the data
transfer rates to the workstation.
Another computer, the aircraft-satellite
data link (ASDL), handles the GOES
satellite transmission to NHC (Pifer et
al. 1978).
The workstation currently consists of
a Hewlett-Packard 9000/825 CH system with
a 670 Mbyte disk drive, a 40 cm high
color monitor (with a resolution of 1280
by 1024 pixels), and a laser printer with
a combined weight of 85 kgm.
The
computer has 32 Mbytes of RAM and a CPU
capable of 8 MIPS.
A hardware
two-dimensional transform box, solely for
graphics, supports HP's Starbase graphics
package.
The workstation captures data
from the output busses that are being
written to tape by the flight-level and
radar data systems.
A data line from the
dropwindsonde computer system provides
the ODW observations.
Operator
interaction is via keyboard and
trackball.
Besides hardcopy output from
the laser printer, the workstation
communicates data to the ASDL computer
for transmission to NHC.

The standard operational
procedure for NOAA and USAF
reconnaissance aircraft is to transmit
once-per-minute flight-level observations
to the NHC via a GOES satellite (Pifer et
al. 1978).
Since 1986, the Hurricane
Research Division (HRD) has objectively
analyzed these data and plotted radial
profiles of wind speed and estimates of
the storm center for hurricane
forecasters (Willoughby et al. 1989).
In early October of the 1990
Atlantic hurricane season, HRD installed
a workstation on one of the P-3 aircraft
operated by NOAA's Aircraft Operations
Center and began real-time, interactive
processing of radar, Omega dropwindsonde
(ODW), and once-per-second flight-level
data in the core of tropical cyclones.
Dodge et al. (1990) discussed the
objectives of the processing and
presented typical analyses calculated
with archived data from Hurricane Gloria
of 1985.
This paper describes the
workstation and provides examples of
analyses from Hurricane Gustav of 1990
that were computed on the workstation

3.

ANALYSES OF REAL-TIME DATA

The 5 cm lower fuselage radar
provides an overall perspective of the
horizontal patterns of precipitation
within which flight-level observations
can be analyzed.
Interpretation of
reflectivity patterns from single
rotations is difficult, however, because
of aircraft motion, intervening
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Table 1.

Rate of data transfer to workstation.

Observation rate
Data
1 Hz
Flight-level observations
(time, position, meteorological
quantities)
2 rpm

Lower fuselage radar
Reflectivity (typically every
other sweep is recorded)

10 rpm

Tail radar
Reflectivity
Doppler velocity
Spectral width (not usually
recorded)
Omega dropwindsondes
(vertical profiles of pressure,
temperature, humidty, wind~)

0-30 per flight

Data transfer rate
4400 bytes at
10 s intervals
*3,100 bytes s

- 1

*25,600 bytes s=~
*25,600 bytes s

80 bytes at
10 s intervals

* Maximum possible data rates - Data compacting for a single radial
combines three or more successive bins with radar reflectivity below
the minimum detectable signal.

Interactive software on the
workstation allows for real-time
processing of ODW wind and thermodynamic
data, and for automatic dissemination of
mandatory and significant level data in
the standard WMO TEMP DROP code (Office
of the Federal Coordinator for
Meteorological Se rv1
and Supporting
Research, 1990).
ODW data are received
from the P-3's ODW computer as the ODW's
descend and are stored by the
workstation.
Meteorologists onboard can

attenuation, and inadequate filling of
the 4.1° vertical beamwidth with
precipitation particles.
Marks (1985)
showed that these problems can be
overcome by combining a number of radar
scans in a composite map centered on the
storm position.
The composite maps,
containing the maximum reflectivity
observed at each point, are constructed
for periods of 0.5-2.5 h.

c-es___

Real-time compositing combines single
radar sweeps stored at intervals of about
5 minutes.
The sampling rate is a
compromise between minimizing the burden
on the CPU and maximizing the data that
compensate for signal attenuation and
inadequate beamfilling.
The operator
marks the approximate center in the
inital sweep.
The image processing
software uses an objective procedure for
estimating the center of the rain-free,
quasicircular eye.
It attempts to refine
the operator's position and follow the
radar reflectivity center as a function
of time.
The operator may override the
software when the objective procedure
determines an inaccurate position.
Figure 1 contains a radar composite for
Gustav calculated with these procedures.
Poor center estimates tend to occur in
weak storms that have not developed an
eye or at low aircraft altitudes.
The
difficulty at low altitudes results from
the desirability of setting the antenna
elevation angle at 2°-3° to improve the
reflectivity patterns at ranges of 50-100
km.
At these settings, many rays bounce
off the aircraft producing nonmeteorological echoes that obscure the radar
eye.
If the objective procedure for
tracking the center is inadequate,
another algorithm is available to estimate the center based upon time series of
the horizontal wind along the flight
track (Willoughby and Chelmow 1982).

900830H1
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Fig. 1.
Composite of the lower fuselage
radar reflectivity for Hurricane Gustav
from 1934-2150 UTC 30 August 1990.
The
reflectivity scale is at the right, north
is at the top, and the domain is 360 X
0
0
360 km.
Latitude ( N) and longitude ( W
are negative) are shown for Gustav's
location at 2150 UTC.
The aircraft
altitude was 3800 m.
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then recall the data for any ODW for
interactive processing.
Objective
algorithms are available to scan the
sounding for suspicious observations; in
addition, the sounding can be displayed
on a skew-T log-p thermodynamic diagram
for subjective detection of erroneous
data (Fig. 2). After bad observations
have been flagged, algorithms to fill
data gaps, filter the sounding, and
calculate geopotential heights are run.
The software then identifies mandatory
and significant levels and encodes the
TEMP DROP message, which is sent
electronically to the P-3's ASDL computer
for transmission to NHC and the National
Meteorological Center (the capability to
send data directly from the workstation
to the ASDL won't be available until the
1991 hurricane season).
4.

and installation of a new ASDL computer
with expanded capacity for data
transmission. With the {mplementation of
these plans, NHC will receive
two-dimensional analyses of the mesoscale
wind structure of the storm core and
improved estimates of the location and
recent motion of tropical cyclones.
As
forecasters learn to interpret this
diagnostic information, we anticipate
improvements in the accuracy of their
track forecasts and warnings.
5.

Carbone, R. E.~ and F. D. Marks, Jr.,
1989: Velocity track display (VTD): A
real-time application for airborne
Doppler radar data in hurricanes.
Preprints, 18th Conference on
Hurricanes and Tropical Meteorology,
Amer. Meteor. Soc., San Diego, 11-12.

CONCLUSIONS

The real-time availability of
composite radar analyses and ODW
mandatory and significant-level data near
the end of the 1990 hurricane season
demonstrated the potential value of
workstations on the P-3's.
Plans for the
1991 hurricane season include the
purchase of a workstation for the second
P-3, development of additional software
(e.g., Carbone and Marks 1989), estimates
of the surface windspeed from the SFMR,
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INTRODUCTION

tions are verified.
The importance of the
aircraft platform and the role of the airborne
instrument will continue to grow in the 1990's in
support of Eos and Mission to Planet Earth observing objectives.

Surface and satellite based measurements
of geophysical parameters are critical to the
earth system scientist to understand the
processes which control the climate of the earth.
Satellite measurements of temperature, moisture,
winds, precipitation, and clouds are important
for monitoring short term atmospheric processes
and for making accurate weather predictions with
numerical models. Measurements of fluxes of heat
and moisture from the surface of the earth (both
land and oceans) help describe the interactions
of these surfaces with the atmosphere.
These
same measurements collected over a long period of
time are essential for global change studies. Advanced instrumentation flown on research aircraft
plays an equally vital role in the earth
sciences.
These instruments, often serving as
prototypes for future space-based sensors,
provide fine spatial and spectral resolution of
atmospheric,
land,
and ocean features.
The
aircraft platform allows for the opportunity to
collect unique measurements in regions where
monitoring by other means is not feasible.

An important group of aircraft instruments
for earth system science investigations is multispectral scanners.
These sensors capture a line
of data in the across-aircraft flight track
direction in different spectral channels.
Collecting multiple scanlines of data while the
aircraft is flying a particular flight line
produces a two-dimensional image of data for each
spectral channel. These channels typically cover
the visible spectrum with some specific channels
in the infrared and microwave regions.
One such
instrument used by NASA on the ER-2 high altitude
aircraft ' is a Daedalus (1268/1278) scanner. This
twelve channel instrument has been used for a
number of different earth system science investigations over the last 15 years.
The scanner
can be used with a number of different
spectrometers which then make a unique sensor for
various scientific observing objectives.
Currently, four spectrometers can be used with the
Daedalus scanner flown on the ER-2 aircraft,
namely the Multispectral Atmospheric Mapping Sensor (MAMS), Airborne Ocean Color Imager (AOC!),
Thematic Mapper Simulator (TMS) , and the Wildfire
spectrometer (currently under development).
All
of these sensors use the same scanner hardware
and electronics and produce the same data stream.
These sensors can be deployed with the aircraft
around the world to cover a full gamut of scientific research.

The importance of research aircraft in
earth system science arises from the inherent
speed,
versatility,
and three dimensional
maneuverability of airborne platforms in a way
complementary to the observing platforms (NASA,
1989).
A primary role of aircraft sensors in
earth system science is to make in situ measurements of atmospheric variables and to remotely
estimate atmospheric, land, and oceanographic
properties.
These observations provide both
unique measurement of geophysical parameters unavailable with other measurement techniques and/
or ground truth data by which satellite observa-

In addition to these aircraft sensors,
ground-based systems are required for flight
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evaluation of the scanner data.
Immediate post
flight checks are required to verify the collection of good data. While these aircraft scanners
are built to be fairly robust, most are not certified to operate under the extreme atmospheric
conditions at the ER-2 flight altitude (nominally
65, OOO feet).
Therefore, it is necessary to
verify the flight data from one flight to the
next.
This is no trivial task for sensors which
produce high data rates.
The purpose of this
paper is to present a description of a groundbased data evaluation workstation which has been
developed to support post-flight evaluation of
MAMS data (Jedlovec et al., 1989a). The common
data stream of the Daedalus scanning
spectrometers and the flexibility of the PC
workstation make this system applicable to those
sensors as well.
2.0

basic requirement which addresses one question:
Did the sensor collect good data of the feature
or phenomena of interest? To answer this question , the system must be 1) small and portable,
2) able to display image d~ta, 3) able to access
image and housekeeping data in digital form, and
4) abie to earth locate the image data.
These
are similar requirements placed on a
$200,000
image processing lab!
The ability to view image
data collected from the aircraft flight is a very
basic and essential requirement.
This will, for
the most part, determine if good data was collected.
For multispectral sensors, it is necessary to view all (most) of the channels since
quality can be channel dependent.
While this is
not extremely taxing for a few images or channels, the use of the MAMS often requires the continuous collection of data over several hours or
even an entire 6 hour flight.
At over 200
megabytes an hour this is quite a lot of data!
The requirement that the system be small and
portable so it can be taken to the deployment
site is a greater challenge. Digital analysis of
the image data is an important requirement because it allows for a quantitative evaluation of
the data in terms of radiances and temperatures.
The accuracy . of these values determines the
quality of the derived geophysical parameters.
This conversion of raw data into calibrated units
requires digital imagery and calibration data,
both of which must be free of errors.
The final
requirement of earth location of data allows for
the verification that data was collected over the
specific geographic region or phenomena of interest .
To do so requires the interaction with
aircraft inertial navigation system data and a
geographic information system (Jedlovec et al.,
1989a).

ORIGINAL MAMS QVS

In late 1989, a personal computer (PC) based data evaluation workstation was developed
to support post flight processing of MAMS data.
This MAMS Quick View System (QVS) (Jedlovec et
al., 1989b) was an image analysis and display
system designed to provide the capability of
evaluating Daedalus scanner data immediately
after an aircraft flight.
In its original form,
the QVS offered the portability of a personal
computer with the advanced analysis and display
features of a mainframe image analysis system.
It was recognized, however, that the original QVS
had its limitations,
both in speed and
capabilities for processing MAMS data.
Recent
efforts, documented here and discussed at the
conference, £ocus on overcoming earlier limitations and adapting the system to a new data tape
structure.
In doing so, the second generation
Quick View System (QVS2) will provide enhanced
capabilities to view and process multiple channels and accommodate data from any of the four
spectrometers used with the Daedalus scanner on
the NASA ER-2 platform.
3.0

POST FLIGHT PROCESSING OF SCANNER DATA

3.1

Analog capabilities

4.0

The strength of the QVS2 comes from the
combination of hardware and software which have
become essential parts of the MAMS QVS2.
Standard PC hardware provides the baseline configuration, with a unique interface card specially
designed for the AT (and AST) bus serving as the
communication bridge to the flight rec.o rder.
Digital data is ingested by the PC with this card
providing access to the data directly from the PC
where specialized software is used for analysis
and display. The portability, affordability, and
advanced computational capabilities of recent
personal computers also make this type of
workstation possible.

In support of the Daedalus scanner systems
for the ER-2, Ames ResearGh Center maintains a
superb ground station for access and evaluation
of flight data tapes.
When ER-2 flights are
based at Ames, this resource provides a quick and
efficient
means to evaluate the scanner data
after a flight.
During a deployment, a "quick
look system" is shipped to the deployment site to
be used for data evaluation. While thi~ system
is useful for qualitative evaluation, its lack of
quantitative interactive capabilities makes the
system marginal for data evaluation purposes.
Since no convenient way is available to access
the calibration information with this system, it
is difficult to make judgments on instrument performance important for future flight planning.
As a result, a more quantitative workstation was
developed to support this activity.

3.2

MAMS QUICK VIEW SYSTEM (QVS)

4.1

Hardware

The QVS2 is designed around the AST
486/33MHz CPU personal computer.
Table 1 lists
the hardware components of the MAMS QVS2.
The
486 AST-PC is quite fast and comes with 10 EISA
expansion slots, keyboard, and 4.0 Mbytes of RAM.
Additional hardware features for the QVS2 include
3- 1 / 2 and 5- 1 / 4 disk drives, expansion board with
4 Mbytes RAM (additional), a 1.2 Gbyte hard disk
and controller which is accessible through a SCSI
interface, a VGA color monitor and adapter card
with 512 kbytes mem.o ry, and a Kensington bus
mouse.
AST OS/2 (vl.2) and DOS (v4.0l) are also
required as basic software packages.

Digital Evaluation and Analysis

The need of a computer system to· evaluate
MAMS data after an aircraft flight is a very
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before being transferred to the PC hard disk
drive.
Data is recorded in frames of 750 bytes
with start-of-frame code,
housekeeping data,
scene data, and end-of-frame code comprising a
single frame or scanline.
Menu-driven software
drivers, developed for the PC, transfer the five
line blocks through a direct memory access (DMA)
transfer to a PC data file.

Table 1: MAMS QVS2 Hardware
1. AST Premium/486 EISA Tower Workstation
a)

b)
c)

d)
e)
f)
g)

2.

486-33MHz CPU
10 EISA slots
101 keyboard
5.25 l.2MB floppy drive
1 - 4MB RAM SIM
EISA SCSI 1.2 GB hard disk
EISA SCSI controller
3.5 floppy drive (1.44 MB capacity)
MP4000SIM-8000-70 4MB sons DRAM
Zenith 14inch Flat Screen Monitor
AST VGA+ Card with 256KB memory
Kensington Expert Mouse PC
Expandable Power Director/ABC Data Switch

Table 2: Computer Speed Comparison
Norton 5 Bench Marks (SYS INFO)
Comguter
AST 486/33/EISA/SCSI
AST 486/25
Compaq 386/33
IBM PS/2/70
AST 386/SX/16
IBM AT 286/8
IBM XT

Exabyte Data Recorder
Cybernetics Exabyte Smm Tape Backup
Subsystem - High Density-5.0 Gbyte

3.

Modem

CPU Disk Overall
71.8 50-60* N/A
54.1 5.1 37.7
34.7 8.4 25.9
26.6 5.9 19.7
11.0
13.1 4.1
4.4 2.1
3.7
1.0 1.0
1.0

* Manufacture' s test value

Telebit Trailblazer (internal), 19.2 kbps
capability
4.

RGB Monitor

A second hardware component important to
the QVS2 is a Matr~x frame grabber card which is
used to display image data on a separate RGB
monitor.
The Matrox card and supporting software
allows for windowing and scrolling of image data,
features which were unavailable with the previous
QVS card.
This allows for more useful displays
of scanner data in the preview mode.
The use of
an OS/2 supported frame grabber card allows the
immediate collection of digital data on the PC.
It also allows instantaneous switch to McIDAS to
calibrate and re-display the image data.

Standard RGB Display
5.

Frame Grabber Card
Matrox Illuminator Videographic Controller

Communication with a host mainframe McIDAS
system is possible from off-site with an internal
modem for real-time weather data.
The use of a
Telebit Trailblazer modem is necessary to support
communications to host McIDAS at MSFC.
MSFC
dial-in lines allow for 19.2 kbps communications
for rapid transfer of _data.
These capabilities
have been demonstrated for both the UW/SSEC and
MSFC/EADS/WetNet (Goodman et al., 1990; and Young
et al., 1990) systems and will allow access to
the entire real-time weather data bank available
on these systems. This real-time weather support
is useful during deployments to support aircraft
flights and for flight planning. Flight data can
also be transferred to the mainframe McIDAS for
further processing and evaluation or for distribution to other scientists.

The speed of this new QVS2 is important
for the timely processing of MAMS data. Table 2
presents a list of popular personal computers and
their CPU and disk access speeds relative to the
IBM XT.
The values are those obtained when the
Norton Utility bench mark program is run on each
system at MSFC.
The original QVS was designed
around the IBM AT.
In comparison to the AT, the
AST
CPU is about 15 times quicker (286 versus
486 processor), and the disk access time is 25
times faster.
The latter improvement is a result
of the 32 bit EISA bandwidth and the SCSI disk
interface.
In addition to the basic computer system,
other hardware components are a necessary part of
the QVS2.
The most important element is a specially designed "form factor interface" card
which is software driven and designed to ingest
data from the flight recorder.
The interface
card was developed at NASA / Marshall Space
Flight Center and performs the bit and frame
synchronization of the incoming serial Bi-phase-L
encoded data from the MAMS flight recorder
(Figure 1).
One channel of Bi-phase-L data is
selected at a time. Once the start-of-frame code
in the data stream is detected, five scanlines of
data for one channel are stored in a local buffer
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4.2

Form Factor Interface Card

Software

systems by the University ot Wisconsin/ Space
Science and Engineering Center.
The mainframe
package runs on an IBM host and provides many
enhanced hardware and software capabilities for
the analysis and display of all types of
geophysical data (Suomi, et al., 1983).
In 1985
SSEC produced a DOS version of McIDAS with much
of the functionality of the mainframe package
while running on IBM PC's.
Early in 1989,
UW/SSEC released a version for the PC which runs
under the OS/2 operating system. This change allowed for greater compatibility between mainframe
and PC software and for multiple task applications.
With a VGA video interface and the power
of the 80386 processor (IBM PS2/80 standard),
PC-McIDAS now has impressive functionality,
similar to those of a mainframe McIDAS workstation.

The MAMS QVS2 relies on both standard and
specialized software support. In addition to DOS
and OS/2, a file editor and FORTRAN compiler are
required. Microsoft FORTRAN is used and required
for PC-McIDAS programming.
Table 3 presents a
list of required software for the QVS2.
PC
software includes OS/2 (version 1. 2),
DOS
(version 4.01), and Microsoft FORTRAN (version
5.0).
PC-McIDAS software (version 5.0) provides
the main image analysis and display functions.
Additionally, about 10 scanner-specific and 5
MAMS-specific programs are used to interact with
the data.
Some of these programs operate from
McIDAS and others are non-McIDAS applications.

Table 3: QVS2 Software

Additional software is used to process
MAMS data under PC-McIDAS.
This code is used to
calibrate and display, navigate and interrogate
digital scene data and any housekeeping data
available in the Daedalus data stream.
Standard
PC-McIDAS commands are used to display and
manipulate the multispectral imagery.
Aircraft
inertial navigation system (INS) data is obtained
from the aircraft INS recorder via floppy disk
and transferred to a McIDAS file.
It is then
available to be used by the specialized navigation code to earth locate any point in a scene of
data.
McIDAS map and GIS data bases are used to
display political and geographic boundaries on
top of the image data.

OS/2 version 1.2
DOS version 4.01
Microsoft FORTRAN version 5.0
PC-McIDAS version 5.0
Scanner and MAMS specific routines

PC-McIDAS software provides the main image
analysis and display capability for the system.
PC-McIDAS is the personal computer version of an
imaging software package created for mainframe
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4. 3

Data Preview

5.0

The MAMS QVS2 system hardware and software
has the flexibility to evaluate MAMS scanner data
after each aircraft flight.
The QVS2 is operated
in two modes: preview mode, where a single channel of data is scrolled on a monitor to simulate
data as it is collected during a flight; and
analysis mode, where data is ingested and stored
to disk for further processing.

The MAMS QVS has been undergoing continuous development to improve its capabilities
in support of flight data collection.
The
original system (first used in fall 1989) was
based on a single channel of data using an IBM AT
(8mhz).
Processing was relatively slow and
switching between preview and data collection
mode was slow and tedious since the frame grabber
card driver only operated under DOS.
The second
stage of hardware development (described above)
includes a single channel system which operates
entirely under OS/2.
In the near future, the
Daedalus scanners on the ER-2 will record data
using a high density Exabyte tape system which
will substantially reduce the size and weight of
the flight system over the previous Sabre 80 or
Ampex systems.
Current modifications are underway to the QVS2 to accommodate this new recorder
to increase the capabilities and usefulness of
the MAMS QVS2.

The first step in the evaluation of MAMS
data is to preview the image data throughout the
flight. This will allow for gross data checks in
selected channels collected throughout the
flight.
The QVS2 currently allows for the
preview of a single channel in a moving window
mode as the data is read from the flight recorder.
Future capabilities (discussed below)
will allow for multiple channels to be viewed in
a side-by-side display in the preview mode.
The
QVS2 supports a preview-to-collection speed of
8-1 (at 30 ips).
Thus a single channel can be
previewed from a four hour flight in 30 minutes
(factor of 4 increase over the original QVS).
A
menu driven program is used to control data
selection by the interface card. The user inputs
various search and selection parameters including
the channel, beginning time (or scanline) of
data, and playback speed.
The software controls
the interface card and flight recorder bas,ed on
the input parameters and displays the requested
data on the RGB monitor.
This ima&ery is
scrolled on the RGB monitor as it comes off the
tape drive and through the interface and frame
grabber cards.
The displayed data looks as if
you are watching the data being collected during
flight.
The program also displays the time and
scanline number of the viewed data on the image.
The time and /or scanline is used in the analysis
mode to select a particular portion of a flight
for evaluation.
The preview mode is used to
verify the general performance of the scanner and
to select specific scenes for more detailed
evaluation.

4.4

Ingest and

Pr~cessing

FUTURE CAPABILITIES

5.1

Exabyte Flight Recorder

In FY91, the Ames Research Center will
convert their two Daedalus scanner systems to use
a high density Exabyte tape system.
This change
will significantly reduce the size and weight of
the flight hardware, allow for the recording of
up to 5.0 Gbytes of scanner data, and include the
aircraft navigation information in the data
stream.
This change necessitates upgrading to
the QVS2 and actually simplifies the ingest of
scanner data into the PC. The AST SCSI interface
used to access the hard disk of the QVS2 will _
also be used to interface with the Exabyte flight
recorder with an OS/2 software driver. This will
eliminate the need for the interface card and allow for the direct ingest of all 12 channels of
MAMS data and the aircraft INS data simultaneously. This turns the QVS2 into a 12 channel
system in either the preview or data collection
mode.
The evaluation of MAMS data is then
enhanced by having the ability to display multiple channels side-by-side in the preview mode.
In the analysis mode, all twelve channels are
written to a McIDAS image file at one time,
reducing the amount of time necessary to retrieve
this data (compared to one channel at a time).

of Digital Data

For detailed analysis of MAMS data, the
analysis mode of the QVS2 is used.
Data is ingested the same way as in the preview mode,
through the software driven interface card. Data
selection is controlled through the menu program
where the channef- and time range (or scanline
range) of the requested data are the only inputs
required.
Instead of going through the frame
grabber card for display, data in the analysis
mode is reformatted and written directly to disk
in the PC-McIDAS image data format.
The data is
then ready fo~ analysis and display using McIDAS
commands (Jedlovec et al., 1989a,b).
The menu
driven ingest program is a separate OS/2 program
which can run simultaneously with McIDAS application programs. Therefore toggling back and forth
between sessions allows for quick and easy interaction with the MAMS data. The 1.2 Gbyte of hard
disk space will allow for the storage of data
from one or more aircraft flights and any other
required data.

5.2

Real-time Data Ingest

While the need for real- time Daedalus
scanner data display from the ER-2 during a
flight may not be readily apparent,
the
capability does exist and is used in support of
forest fire reconnaissance work in the western U.
S. (Jeff Myers, personal communication).
Ames
has deployed a line-of-sight ground station to
receive a single channel of scanner data in real
time during a mission.
This capability provides
no additional analysis features than currently
supported by Ames during a deployment (analog
display of a single channel) but offers a realtime single channel display for those time dependent missions.
There have been some efforts
to improve the transmission of scanner data from
the ER- 2 aircraft to the ground through the
Tracking and Data Relay Satellite System (TDRSS)
(John Arveson, personal communications).
The
MAMS QVS2 can play a major role in the acquisition and analysis of real-time scanner data.
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Ames Research Center i s continuing the
development of Daedalus scanner relay to an inexpensive ground - based "earth station" through
TDRSS. Upon completion of this developmental activity, the QVS2 will be able to ingest and store
all scanner data and INS information in the
downlink data stream from the earth station .
Since the planned scanner data stream from TDRSS
is very similar to that from the new Exabyte recorder system, only a redesign of an interface
card for the QVS2 will I?e required to receive and
display the data in real - time . MSFC is planning
the development of this interface card .
5.3

Je d lovec , G. J., R . J . Atkinson , M. W. James, and
M. R . Smith, 1989b : The MAMS Quick View
System (QVS) : A PC based field evaluation
workstation.
Presentat ion and summar y
paper to the McIDAS Users Group Meeting,
November 1989, Madison, Wiscons i n, 9 pgs.
NASA , 1989: Airborne Geoscience : The Next Decade .
A report of the Special Interagency Task
Group on Airborne Geoscience . Available
from Aircraft Programs manager at NASA
Headquarters , 133pgs .
Suomi, V . E., R . Fox, S. S . Lemaye, and W. L .
Smith, 1983 : McIDAS III: A modern interactive data access and analysis system. J.
Climo . Appl. Meteor. , 22, 765-778 .
Young, J . T . , R . Dengel , and D. A. Santek, 1990:
WetNet System. Preprints Sixth International Conference on Interactive Informa tion and Processing Systems for Meteorology, Oceanography, and Hydrology, February
1990 , Anaheim, California, AMS, Boston,
57-60 .

Other Scanner Applications

The MAMS QVS2 has applications to any of
the other Daedalus scanner systems flown on the
ER-2 aircraft because of the commonality in the
data stream and in the generalized data structure
on PC-McIDAS.
Only minor modifications to the
calibration software would be required to analyze
and display data from the TMS for example.
This
includes data from the new Wildfire spectrometer
under development (Fred Osterwisc'l!,
personal
communication).

6.0

SUMMARY

MSFC has developed an inexpensive PC based
workstation which is easily transported to support the deployment of the MAMS on the NASA ER-2
aircraft.
The system provides advanced analysis
capabilities, similar to more expensive mainframe
systems, in order to verify the performance of
the aircraft scanner for scientific investigations.
The system is applicable to other airborne scanners in use throughout NASA for earth
system science investigations.
Currently only a
single channel of data can be evaluated at one
time however, planned modifications to the system
will allow for the simultaneous acquisition of
all channels along with the aircraft inertial
navigation system data.
Pending transmission of
the real-time broadcast of aircraft scanner data
through TDRSS, real-time Daedalus scanner data
may be available not only at the deployment site,
but also in the PI's office!
This capability
could be of significant benefit to both the
operational and research communities.
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3.22

THE VDUC INTERACTIVE COMPUTER SYSTEM AT
THE NATIONAL SEVERE STORMS FORECAST CENTER
Peter A. Browning
National Severe Storms Forecast Center
Kansas City MO

1.

model has a single processor with 16
MBytes of memory.
Peripheral data storage totals 7.5 giga-bytes on a string of
3 IBM model 3380 disk drives, interfaced
through a storage controller. Communications to various external sources (see
figure l} are handled through an IBM
model 3725 communications processor and
IBM model 3708 network converter. Other
peripherals include two IBM model 3422
6250 bpi tape drives, a system printer
and system display terminals used for
programming activities and systems
monitoring.

INTRODUCTION

Throughout the 1980's, development
efforts for the utilization of satellite
data have resulted in the use of interactive workstations in the forecast
environment. The introduction of atmospheric sounding capabilities using the
Visible Infr~red Spin Scan Radiometer
(VISSR} on the Geostationary Operational
Environmental Satellites (GOES) produced
a need for a system which can display,
manipulate and integrate the GOES data
with other meteorological data sets. To
fill this need, the Space Science and
Engineering Center (SSEC) at the University of Wisconsin-Madison developed the
Man-computer Interactive Data Access
System (McIDAS).

Real-time GOES visible and infrared
VISSR ~ata as well as VAS multispectral
imagery and so~nding data is received
from two antennas mounted on the roof of
the Federal Building in downtown Kansas
City. The GOES data is brought into the
IBM computer via a preprocessor ingestor
channel interface built by the SSEC. The
data is stor~d in designated areas on
disk for use at forecaster workstations.

Since February, 1982, the Centralized Storm Information System (CSIS} has
been used in the operational forecast
environment at the National Severe Storms
Forecast Center (NSSFC}. CSIS, a spin
off of an early 1980's version of McIDAS,
was a demonstration project designed to
show the utility of interactive meteorological systems. CSIS development was
allowed to evolve resulting in a system
tailored to the needs of the NSSFC
forecasters.
The system was widely
accepted, heavily used and has resulted
in improved forecasts and services
(Mosher, 1985). CSIS however, is based
on 1970's technology, is hard to maintain
and is nearly saturated in both storage
and computing capabilities.

~-------- -·-

IBM
4381
Processor

3 IBM
isk Drives

As a part of the efforts to make
VISSR Atmospheric Sounding (VAS) data
available for forecast operations, three
VAS Data Utilization Centers (VDUC) have
been established. These are at the World
Weather Building in Camp Springs, MD.,
the National Hurricane Center in Coral
Gables, FL., and at the NSSFC in Kansas
City, MO. This paper will discuss the
tailoring and implementation of VDUC at
the NSSFC.
2.

2 IBM
ape Drives

System
Printer

VDUC COMPUTER SYSTEM

DUC Programming
Terminals ·

The VDUC system is the latest version of McIDAS developed by SSEC. VDUC
has been used operationally at NSSFC
since February 1990. The system is based
on an IBM 4381 model P23 computer. This

2 PRONETS
(LANs)

6 Wide Word
Work Stations

3 Upgraded Tower
Work Stations

7 IBM PC
Work Stations

Figure 1. NSSFC VDUC system schematic
204

--

Communications
Remote Dial
CSIS
WWB/NHC VDUCS
NSSFC MV7800
FAA 604
RADAR
NCCF
AFOS

atellite Data
GOES-7
GOES-I

tailored user interfaces.

WORKSTATIONS

3.

3.3

The forecaster workstations are
connected to the central processor (4381)
through the use of two Pronet Local Area
Networks (LANs) . There are presently
three types of workstations in use at
NSSFC; Personal Computer (PC) stand-alone
workstations, upgraded Tower workstations
and Wide Word workstations.
3.1

The newest type of workstation
offered by SSEC is the Wide Word (WW)
workstation (Wide Word coming from the
fact that the terminal electronics use a
large word structure). Six WW workstations are in place at NSSFC. The WW
workstation used at the NSSFC is capable
of storing 218 TV-sized frames (the hardware design will accommodate up to 1600
frames depending on the amount of memory
installed). The memory in the workstation however can be allocated for
varying frame sizes, TV-size and larger.
The larger frames produce a roaming capability when displayed on the TV-sized
monitor. Moving the cursor to a new
location results in the new location
moving to the center of the monitor as
previously unseen portions of the frame
move into view.
Due to the national
forecast responsibility of the NSSFC,
imagery covering the lower 48 states is
displayed in one frame with the frame
size depending on the resolution of the
imagery. Table 2 shows the memory allocation/frame sizes for the different
resolutions routinely used at NSSFC. All
WW· workstations have identical frame allocations so that the loading of imagery
can be done simultaneously in real-time
during the data ingest. This optimizes
the computer time while providing imagery
as soon as possible.

PC Workstations

The SSEC has developed a PC version
of the McIDAS software which can function
as a display device to a host processor
(via LAN or remote dial in connection) or
in stand-alone fashion once data has been
downloaded to the PC. The NSSFC supports
six IBM PS/2 model 80 PCs and one IBM
PS/2 model 70 PC as stand-alone workstations (see Table 1 for PC configurations) . These workstations are used
primarily by the Techniques Development
Unit (TDU) of NSSFC. The PCs have user
tailored interfaces for accessing and
displaying imagery or graphics on up to
22 frames (340 lines by 640 pixels size).
Images are displayed using 16 grey shades
and can be color enhanced. Graphics can
be overlaid on imagery but no distinction
is made between image and graphic frames
(i.e., graphics overlaid on an image are
merged into the image and replaced by
subsequent images that are loaded into
. that frame).
Also, 10 alphanumeric display windows are available for displaying
textual information.

The WW hardware supports a zoom
feature which, using pixel replication,
will blow up the displayed frame using a
default (2) or specified zoom factor.
While in this zoom mode, the roaming
capability is functional (even if the
frame size is TV-size) .

PC Configuration for each workstation
Workstations
type
#

Proceeaor

Speed

Disk
Storage

Memory

Stand alone PC
4
2
1

model 80
model 80
model 70

80386
80386
80386

20 mhz 115 Mbytes
25 mhz 320 Mbytes
25 mhz 120 Mbytes

8 Mbytes
8 Mbytes
8 Mbytes

80386

25 mhz 120 Mbytes

8 Mbytes

80486

25 mhz 120 Mbytes

8 Mbytes

Upgraded Tower
3

model 70

Both imagery and graphics are stored
in the workstation as 8 bits per pixel.
Graphics can therefore be drawn in 8

Wide Word
6

model 70

Wide Word Workstations

Table 1. PC Configurations for each
workstation type.

Wide Word Workstation Memory Allocation
I
!

3.2

Upgraded Tower Workstations

Frames
1
8

Three older CSIS Tower workstations
(called Tower because the electronics
take up a full tall rack and look like a
tower) were updated to include IBM PS/2
model 70 microcomputers (PC) as front-end
processors. The work-station is capable
of storing 64 image and 32 graphic high
resolution TV-sized frames (480 lines by
640 pixels) .
Images are represented by a
six-bit grey scale. Graphics are displayed using 3 bits per pixel to draw
lines in 7 colors. Graphics are displayed in separate graphic frames and can be
overlaid with any image frame.
The PC
allows for independent processing capabilities at the workstation as well as

I

-

7
14

Data Type

Resolution

User defined
User defined

Size (line/elements)
480 I 640
480 I 640

15

19

Visible

~

i~ M

1200 I 3008

20
25

24
29

Visible
lnfrared

4 KM
4 KM

900 I 1792
900 I 1792

30
34
35
39
40 - 44

Visible
lnfrared
VAS H20

8 KM
8 KM
8 KM

528 I
528 I
528 I

1184
1184
1184

45
49
50
54
55 - 59
60 - 64
65
69

Radar
Radar
Radar
Radar
Radar

240
240
240
240
240

320
320
320
320
320

70

Family Graphics
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1
2
3
4
5

KM
KM
KM
KM
KM

I
I
I
I
I

480 I 640

Table 2 . Wide Word Workstations memory
allocation
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different colors (or bit-planes) which
can be toggled on and off or erased
independently of the other bit-planes.

ired. At NSSFC, the F-key Menu user interface was modified to keep track of the
earth coordinate of the cursor while
switching from one loop of data to another. When one loop is a different resolution than another of the same dat~
(i.e., visible imagery), switching between these loops effectively gives a true
zoom in/zoom out capability. This feature
is represented in the menu by specific
keys for zooming in and zooming out.
With data that does not cover the entire
U.S. (radar or Tower work stations loops)
the true zoom feature and earth coordinate is maintained by switching to the
loop whose center point is closest to the
cursor location. This rapid switching
capability, while maintaining the earth
coordinate, allows for easy comparison of
different types of data such as radar and
satellite.

The 8-bit imagery allows more flexibility for displaying enhancement curves
on the imagery. With 8-bit data, more
satellite information is available in the
WW workstation than with the Tower workstation. Switching enhancements from one
that highlights cold cloud tops to one
which can discern warm stratus cloud tops
from surf ace temperatures can now be done
rapidly. The Tower workstation requires
reloading the imagery, 'stretching' it so
that detailed resolution is available in
the warmer temperature range, and then
changing the enhancement. Rapid enhancement switching can also aid in monitoring
convection over wide regions by switching
curves that have color break points set
to varying equilibrium level
temperatures.
4.

Function keys have been designated
to toggle or erase individual bit-planes
or groups of bit-planes (i.e., 2 through
8, leaving the map displayed in bit-~lane
1) . For loops of graphics, the toggling
and erasing capability is available for
the entire loop as well. A rapid
enhancement curve switching capability
has been incorporated into the F-Key menu
by allowing the user to pre-define
enhancement curves which are rapidly
restored at the touch of a key.
Finally,
keys are also suitable for the execution
of application programs.

USER INTERFACES

since all three types of workstations described have PC processing capabilities, specific user interfaces were
developed geared to the needs of the user
and capabilities of the workstation . Four
kinds of user interfaces are available to
perform workstation functions; the command line, ASK, F-Key menu, and Data
Tablets.
The command line interface allows
the user to type in commands that execute
application programs or change the state
of the workstation. This allows complete
flexibility in program execution but requires the user to know the specifics
about the commands needed to perform the
function. Experience with CSIS has shown
that most users will remember and use only about a few dozen commands that serve
most of their needs most of the time.

One problem with menu systems is the
tree effect. Typically the design of
menus causes branching as one proceeds
from a main menu to sub-menus.
In order
to jump from one branch to another,
various keys can be assigned to jump to
the desired branch. But the pre-compiled
menu does not know which menu on the
other branch to jump to. To reduce this
problem, several stacks of menu numb7rs
are maintained and each stack is assigned
to a particular branch (usually a type of
data). When jumping branches, the menu
the user finally arrives at is the one on
the top of the stack for that category.
This allows the user to return to the
last menu used for that category. For
example, figure 2 shows the tree effect
of menus. The user arrives at menu 1.3.1
and now wants to use a function on menu
2.2. A key on 1.3.1 will allow a jump to
the category 2 stack. Whichever menu was
last used on this stack is where the user
jumps to. The user now moves to menu
2.2. To return to 1.3.1, the user only
needs to strike the key for category 1
since 1.3.1 was the last menu used in
this category. This reduces the number
of menus that .the user would otherwise
have to work ~hrough to get back to a
particular function menu.

The ASK interface provides a way to
ask the user questions and store the responses on disk as string names for later
use. This interface works well with the
F-Key menu interface when executing
commands that require variable options.
The F-Key menu interface makes a
multiplicity of commands available to the
user by using the 48 function keys available on the keyboard (Fl through F12 and
Shift/ALT/CTRL Fl through F12). The purpose of each function key is displayed on
one of the PC's text windows. Key definitions can change from menu to menu. The
F-Key menu is pre-compiled and resides in
memory as part of the keyboard handler
providing rapid execution of the specified function at the touch of the key.
The menu system also allows rapid

switching between defined loops.

Loop

The fourth interface is the data

states are set up and saved on the PC
disk to be recalled instantly when des-

tablet. This is a graphical interface
that allows the user to build commands
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els for different time periods in various
loops. The direct comparison of model
data and parameter interaction should
provide faster data assimilation in the
forecast process and new insights into
model performance.
Plans call for the development of
the tools needed for interactive forecast
product generation. This will enable the
forecaster to develop the forecast graphically overlaid on satellite or model
graphics. output from the graphical
forecast (such as points outlining a
severe threat area) are then fed into
text messages where the product can be
edited before transmission by VDUC.

Figure 2. Menu schematic illistrating the
tree effect.
interactively. Tablets are most useful
for executing applications software which
require numerous options. Using the
mouse, the user will click on a labeled
box. The box opens up a pull down window
with a list of choices which the user
selects by moving the cursor and clicking
the mouse button again. Once selected,
that option is saved in a variable name
for use when the user clicks Qn the box
that will execute the program. At NSSFC,
graphic loops of model data parameters,
model sounding loops and various fields
of parameters derived from surface and
upper air observations are generated
using the tablets.

Development efforts for the new
Radar Coded Message (RCM) editing unit
will require the design and implementation of interfaces and tools for the decoding, displaying and graphic manipulation of the RCM messages from the WSR-880
radars and the merging of Manually Digitized Radar data from the WSR-57 radars.
Profiler data will be ingested into
VDUC as data assessment activities begin
on this new meteorological data set. The
determination of what is the best way to
quickly discern the important features
from the three dimensional data set may
require new data analysis procedures and
displays.

The four interfaces work well together. The command line interface is
functional with the F-Key menu for executing simple commands which are faster
to type-in than change menus to execute.
Most operational commands are executed
via the F-Key menu, assisted by the ASK
interface, or through the use of Data
Tablets.
5.

Finally, the capability of printing
limited area 'check' charts for hand
analysis by the forecaster will be moved
to VDUC from NSSFC's Data General computer. Although the computer can quickly
perform objective analysis, hand analysis
allows for the analysis of small scale
features which typically are smoothed out
of by objective schemes.

CURRENT DEVELOPMENT ACTIVITIES

The development of VDUC continues
with plans to improve .the speed and
efficiency of the VDUC system. Currently, various surface based parameters
(temperature, lifted index, etc.) are
precomputed and gridded to speed up the
display of these parameters. Plans call
for the storage of these fields in virtual graphics so they can be displayed
instantly with the touch of a function
key. Some data fields will be moved to
the workstations and stored on and displayed by the PC. The distribution of the
overall processing needs should result in
a faster system overall.

6.

SUMMARY

The implementation of VDUC at the
NSSFC has produced a unique McIDAS based
system that serves the needs of operational forecasters. Much progress has
been made in developing the functionality
of the system for 'ease of use'. Since
the short time VDUC has been available
for forecaster use, it appears obvious
that it will play a role in improved
services from the NSSFC.
7. REFERENCES

The WW workstation has a second
video display channel which can be used
to display data on a second monitor independently of the other channel. Plans
call for developing the use of the second
channel for the display of graphics which
are not suitable for satellite overlay
(i.e., thermodynamic diagrams, etc.).

Mosher, F.R.,1985: Impacts of Interactive
Processing Systems on·the Forecasting Ability. of the NSSFC.
Presented at Interactive Information and Processing Systems
for Meteorology Conference, Los
Angles, CA.

A family of graphics concept will be

developed using loops of graphics. Model
data parameters specific to a forecast
problem are displayed from different mod-
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4.1

MEETING THE FUTURE WEATHER INFORMATION
NEEDS OF THE USERS

Dr. Joseph S. Matney
Dr. Agam N. Sinha
The MITRE Corporation
McLean, Virginia

1.

IN1RODUCTION

art and science of the interpretation and forecasting of
weather data; and the processing and dissemination of data to
the end user either by the National Weather Service (NWS)
or by commercial enterprises.

The meteorological community is unquestionably
going through one of the most exciting times today.
Historically, one of the stumbling blocks to the advancement
of the art and science of understanding weather phenomena
(especially mesoscale) and then extrapolating to reliable
nowcast/forecast has been the lack of detailed weather data.
On-going sensor development and implementation programs
include Next Generation Weather Radar (NEXRAD)/WSR88D, Automated Surface Observation System (ASOS),
Profilers, new satellites (GOES I-M, and polar NOAA-K, L,
M), Terminal Doppler Weather Radar (TDWR), and low
level windshear alert systems. These sensors will create a
data explosion for the meteorologist and the researchers and
provide the base for quantum leaps in nowcasting and
forecasting. The focus of this paper is to discuss the
challenges facing all the players of the meteorological
community in transmitting this sense of excitement and new
capabilities to the wide variety of users (current and
potential) who can benefit in many ways that may have not
been explored by the researchers or thought to be possible by
the end users.
2.

It is proposed that in the future environment (figure
2) the vast amount of data available from the meteorological
sensors and meteorological models can follow two potential
paths for conversion to information tailored to meet the needs
of the individual user: the first, as in today's system, will
be provided by the meteorologist-on-duty and will be
primarily dealing with the "art" of nowcasting/forecasting; the
second will be through automated generation of routine
products that can suitably represent the "science" of
nowcasting/forecasting that lends itself to algorithmic
modeling and automated processing.
4.

There are many forums such as the American
Meteorological Society meetings and conferences, that permit
researchers and meteorologists to discuss the scientific
progress in weather nowcasting and forecasting. The advent
of new sensors will undoubtedly provide for significant
progress over the next decade in developing four-dimensional
(space and time) data bases. However, the meteorological
community would still face some challenging problems in
meeting the needs of the end users in providing economically
viable products for use by the general public. Some of the
major challenges are:

A REPRESENTATION OF 1HE USER NEEDS

In today's environment, there is a large degree of
uncertainty around almost all weather products for all users
from the sophisticated (e.g., aviation, marine operations,
spacecraft launches, ... ) to the general public (e.g. school
systems, sports events, traffic management, ... ). What the
users need is timely, localized, short term/long term forecast
information with high temporal and spatial resolution. While
the major emphasis of the current system is on "hazardous"
and "severe" weather phenomena (as it should be), the new
sensors and forecasting techniques should provide the basis
for other products (non-hazardous) for the wide variety of ·
users such as, school system for decisions on school closings,
organizations planning large scale outdoor functions, police
departments for managing traffic, and conceivably even
private citizens or small organizations planning events that
could be impacted by weather.

• Create a forum where the needs of the end users
can be discussed and where the users can
participate in molding the direction of the
meteorological research and defining needed
weather products.
• Provide a common language for the researchers,
meteorologists, developers, and users, perhaps
through the use of rapid prototypes, to understand,
refine and enhance user requirements, as well as
to provide feedback on research needs.
• Create mechanisms for effecting changes in the
overall weather system where the requirements of
all the players are integrated such that:

The challenge is to design a cooperative system
(government and commercial, supplier and consumer,
researcher and applications manager) that is responsive to the
user need for meteorological information (not data) that is
timely, localized, tailored (i.e., easily understood and
interpreted by the typical user in clearly presented text and/or
graphics), and of appropriate temporal/spatial resolution.
3.

ISSUES AND CHALLENGES

- the suite of sensors provide the needed base
data
- the researchers have access to real-time and
archival data to conduct the needed product
generation research

A PROPOSED STRUCTURE FOR THE FUTURE

Currently, the weather system can be thought of as
consisting of four major parts (figure 1): the sensors that
sense the atmospheric conditions; meteorological models that
operate on the sensor output to help the meteorologist in
his/her task; the meteorologist who is the central core of the

- the output of the research and the sensors is
integrated in a manner that is useful to "online" meteorologists in understanding and
predicting weather phenomena
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While these issues and challenges seem formidable, the time
to start is now if we all want to succeed (and we do) in
providing the maximum societal pay-off for the investment in
the meteorological ·system we are now putting together. This
sort of work is never easy, but it can be done if we all work
in a complementary fashion toward the same goal.

the system developers/managers establish
services (either through the Government or the
commercial sector) that ensure timely
dissemination of the information to the users in
an economically .viable manner
the users identify their requirements and are
fully participative members of the evolution of
the meteorological systems
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Unidata Strawman for Storing Earth-Referencing Data
David W. Fulker

Unidata Program Center
University Corporation for Atmospheric Research
P.O. Box 3000
Boulder, CO 80307

Overall Purpose

Sharing Data in Heterogeneous Settings

The Unidata program was established to help university-based
atmospheric scientists utillle weather data on their own smallto medium-siz.ed computer systems. Unidata systems, which
have many components and can be configured in a variety of
ways, are employed nationwide by nearly 100 universities.
The software was designed to take full advantage of modem
computer networking and, as a result, Unidata systems on
differing kinds of hardware can share data with one another
and they can even share task responsibilities. In other words,
Unidata systems can engage in nue distributed computing, and
the protocols employed permit long-distance distribution
(across the country, for example) if desired.

The university community served by Unidata employs a very
large range of computing systems to conduct its scientific
activities. The National Center for Atmospheric Research
(NCAR) in Boulder, Colorado, maintains Cray and IBM
mainframe computers, as well as other kinds of computers,
that are used by universities, NCAR, and other researchers.
At their home institutions, university personnel use an almost
unlimited variety of personal computers and workstations.
Although standardization has increased in recent years, it
remains the case that these systems have vastly differing ways
of storing data in their memories and on their file systems.
For example, even a seemingly simple entity such as an
unsigned 32-bit integer is stored with its octets in various
orders among the computers mentioned above. Even among
the computers from a single manufacturer (IBM and DEC are
examples) there are such differences.

There are mariy interesting facets of distributed computing in
heterogeneous, long-haul networks, but we will focus here on
just one: data sharing. For scientific purposes, data sharing is
made complex by the following factors:

Therefore, sharing data in a heterogeneous setting, as required
in Unidata, can be approached in two ways: 1) data can be
tagged to indicate their computer of origin, and every computer
can be equipped with software to transform all such types to
the native mode; or 2) a common (external) data representation
can be used for all files, and every computer can be equipped
with software to transform data (both ways) between the
native mode and the common representation. Simple arithmetic indicates that much less software must be written and
supported with approach 2), and that is the approach taken for
Unidata.

a) scientific data often have multi-dimensional and other
complicated structures;
b) a given structure often contains several data types,
including characters, integers, floating-point numbers,
and octets or bytes;
c) different computers have differing ways of storing data
types and structures, so files of such data written on
one computer cannot, in general, be read on another;
d) data, as used in computer programs, are most conveniently accessed as named variables and indexed
arrays-in contrast, files usually must be accessed as
sequences of records or bytes that become internal
variables, arrays, and structures via format
interpretation;

However, Unidata decided to approach the problem not simply
as one of representing data types, but also one of representing
data snuctures. Because scientific data can have vastly differing snuctures (illustrated, for example, by the differences
among grids, images, and lists of point observations) we think
it unwise to view the problem as one of identifying some small
number of common formats, suitable for many kinds of data.
Instead, we characterize the problem as: standardizing the
software interfaces by which scientific data are stored and
retrieved. An interface suitable for such standardization is
now employed in Unidata, and it has been proven effective for
many kinds of data. We call this the Network Common Data
Form or netCDF.

e) scientific data are often meaningless unless accompanied by a substantial amount of ancillary data,
sometimes called attributes, that define such things as
parameters represented, units of measure, origins of
the data, and times/locations of observations;
f) similarly, scientific data may be organiz.ed on a variety

of map projections or other transformations that must
be well defined in a computational sense-this
rep~sents ru:iother kin~ of ancillary information that is
p~c~arly unportant if data organiz.ed on differing
projections are to be compared with one another.

The Network Common Data Form (netCDF)
Through its interface library for the netCDF, the Unidata
program has begun to standardize how scientific data are
represented, filed, and retrieved. As mentioned in the
preceding section, Unidata files employ a common data
representation, and we provide software for many kinds of
computers to transform data (both ways) between the (internal)
native mode of the computer and Unidata's common representation. Though we will not describe the representation here
(it is based on a standard known as XDR for External Data
Representation), it is known to be quite compact and extraordinarily flexible; it can be used for a wide variety of d~
structures, containing many arrays, for example. In Umdata,
this data representation is effectively hidden, because we have
focused upon a standardized software interface by which data
are stored in and retrieved from netCDF files.

Thus, in the Unidata context, sharing of data means more
than co~veying bits from one computer to another. We are
attemp~& sy~tematically to address all of the aforementioned
compl~xities ~ the software we provide, as articulated in the
followmg sections.

*The Unidata Program Center is sponsored by the National Science
Foundation and managed by the University Corporation for Atmospheric
Research. Mention of a commercial company or product does not
constitute an endorsement by the Unidata Program Center.
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1) To achieve, for scientific data stored in netCDF files, a
level of "self-description" that fully encompasses the
underlying coordinate l~ations to which the data .
correspond and to do so m ways that support a vanety
of commonly used reference coordinates, geometric
projections, and other kinds of coordinate
transformations.

All netCDF files are written and read through a library of
Unidata software that may be called from programs written in
FORTRAN or C. Data written in one language may be read in
the other. This library realizes a very flexible model for a
scientific data set (or file). A netCDF file can have any number of dimensions, and the dimensions are named. It may also
have any number of named variables, and each variable may
be a multi-dimensional array employing one or more of the
named dimensions. Variables are also typed, and can be
integers, floating-point numbers, characters, or bytes. A
netCDF file also contains named attributes, and each attribute
may be associated with a variable or it may be "global,"
applying to the entire file.

2) To create a software library which automatically
calculates standard coordinate locations for data in such
netCDF files and which supports mappings between
the various kinds of coordinate transformations and
projections encompassed in objective 1.
In this way, data that differ widely (for example, in their

The netCDF library provides a complete set of functions for
opening, defining, querying, writing, reading, and closing
netCDF files, so that no application program ever needs to
know anything about the underlying data representation.
The library supports direct access (by name and index) and
supports bulk reads and ~rites ~i.e., access to .who.le and
partial arrays) so the efficiency is generally quite high. The
effectiveness of the netCDF library has been demonstrated
for computers as diverse as Crays, Digital VAXstations and
DECstations, HP-Apollos, Macintoshes, NeXts, Suns, and
Stardents, as well as IBM PCs, PS/2s, RS/6000s and
mainframes.

structures and methods of observation) but that are stored in
netCDF files with suitable coordinate referencing information,
can be used together and compared with less development of
specializ.ed software.
For this discussion, we assume that netCDF files are to be
sufficiently self-describing that few if any external references,
such as station location tables, are required to determine the
space-time locations of the data they contain. An important
exception is the use of transforms and projections: the netCDF
data model provides no way to store functions or algorithms,
so transforms and projections of space-time (or other) coordinates will be referenced by name, possibly accompanied by
arguments or parameters~ Clearly, conventions for naming
and parameterizing these transforms, as well as the algorithms
for realizing them, must be defined and implemented exter- .
nally, with the present netCDF paradigm.

There are now a number of software applications, both inside
and outside Unidata, that employ the netCDF interface for data
access, and many successful experiences have been reported.
A significant number of organizations and programs-not all
related to atmospheric science--are considering the netCDF
for formal adoption as a data access standard.

Coordinates and netCDF Dimensions

Additional Needs for Standardization

Later in this paper we will suggest a way to use the netCDF
capabilities for storing "attributes" as a way to imbed
coordinate reference information in a netCDF file. Before
suggesting a method for this, we wish to discuss the
relationship between coordinates in a space-time sense; ~d
dimensions in the netCDF sense, where they refer to multidimensional arrays or vectors.

Unidata incorporates a number of "applications" software
packages into the systems that are offered to universities. As
mentioned previously, many of these (at least as an option)
employ the netCDF library as a means for storing and retrieving scientific data. Applications in this category include:
Purdue University's Weather Processor (WXP), NASA
Goddard's GEMPAK, a UNIX-based image analysis package
that will be available next year (but cannot be named because
the procurement effort is still under way as of this writing),
and several Unidata utilities. Also, translators have been
developed so that other software, including the University of
Wisconsin's McIDAS and New Mexico Tech's CANDIS, can
use certain data that have been stored as netCDF files.

As a general rule, a netCDF dimension is one of the _two types
·
described below:

mesh dimension: we consider a netCDF dimension to be a
mesh dimension if it corresponds in a direct way to a
particular space-time coordinate (or a projection or
transformation thereof) and it counts the nodes of a
mesh (or grid) along that coordinate direction.

Unidata now intends to integrate several such applications
into a truly coherent system, designated the Scientific Data
Management (SDM) system, that is more than a collection of
capabilities that use the same data access library. The several
components handle very different kinds of data: satellite
images, conventional surface and upper-air weather observations, and gridded data produced by numerical weather
prediction and data assimilation models. A very important
distinction among such applications is that they may employ
different coordinate systems. Such applications can be particularly challenging to integrate, especially when required to
produce properly registered graphical overlays.

list dimension: we consider a netCDF dimension to be a
list dimension if it is used to enumerate members of a
list, each of which carries its own space-time
coordinates.
The two cases are perhaps best described by examples.
This is easy to do because there is a simple, intuitive language,
called the Common Data Language (CDL), which allows
precise definition ofnetCDF files using text (A netCDF file
can be defined in several ways: by using the CDL, by calling
netCDF library functions in FORTRAN or C, or by combinations of these.) The following examples are intended to be
self-explanatory without a formal definition for CDL.

In all there are many integration issues to be faced, such as
choosing and setting standards for graphical output, creating
consistency among user interfaces, handling of information
about user context (i.e., default values for parameters and
methods for overriding them), and standardizing on the utilization of the netCDF method for data storage and retrieval.
The remainder of this paper focuses on the last of these,
specifically on using the netCDF to handle earth-referencing
information associated with the diverse kinds of data that are
kept in netCDF files. There are two general objectives in this
effort:

Example 1, a Two-Dimensional Grid on Lat-Lon Coordinates
The simplest kind of coordinate referencing occurs when data
are organized on a latitude-longitude mesh. A netCDF file
containing a grid of surface wind-speed estimates might have
two dimensions (named "lat" and "Ion'', each of length 3), one
two-dimensional variable (named "WindSpeed") and two onedimensional variables (named "lat", and "Ion") that are related
in the following way: at index pair (i,j), WindSpeed(i,j)
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Except for being three-dimensional, example 2 is very similar
to example 1 in its netCDF representation. However, processing and displaying them might be significantly different
because of their distinct coordinate projections. Later, we will
suggest a way to characteri2:e the projections using netCDF
attributes.

represents the estimated wind speed in meters per second at the
point whose latitude and longitude are lat(i) and lon(j)
respectively.
Note: in CDL, text following"//" is interpreted only as commentary.
netCDF example 1
illustration -

// lat-lon grid

These two examples illustrate how compactly coordinate
locations can be represented in netCDF files containing multidimensional grids. Instead of storing grid-point coordinates
for every node in the grid, it is only necessary to store a single
vector for each coordinate direction-the whole grid can be
thought of as a tensor product of these individual coordinate
vectors. The space savings can be immense: coordinate
storage is directly related to the sum of the dimensions rather
than the product, as it would be if every grid-point coordinate
were stored.

dimensions:
// two dimensions
lat - 3, lon - 3;
variables:

// variable names, shapes,
and types
float WindSpeed(lat,lon);
integer lat(lat), lon(lon);

II
WindSpeed:units

=

attribute values
"m/s";

All of the dimensions in the preceding two examples {lat, Ion,
x, y, and alt) are mesh dimensions as defined in the previous
section. Two notable characteristics of such mesh dimensions
may be observed:

data:
lat ... 40,
45,
lon - -95, -100,
WindSpeed

//grid coordinate values
50;
~105;

1) Associated with each mesh dimension is a variable
containing (monotonic) values that define (one edge ot)
a mesh or grid in the coordinate space; let us call this a
"mesh coordinate variable."

//data values
12., 13., · 14.,
13., 15., 17.,
13. , 14., 15. ;

-

2) The name of a mesh coordinate variable is identical to
the name of its corresponding mesh dimension.

In this example, "lat" and "Ion" are mesh dimensions. We
might have defined attributes to indicate the units for the "lat"
. and "Ion" variables, but this would get into topics that will be
covered later.

These characteristics represent conventions or practices that we
recommend only for true mesh dimensions. In particular, we
advise against usmg identical variable and dimension names if
they do not represent the edge of some well-defined coordinate
grid-there are many such cases and, typically, the dimension
serves to enumerate a list, with one or more coordinate variables indexed by this "list dimension." A list dimension is
illustrated in the following example.

Example 2, a Three-Dimensional Grid on a Polar Projection
Supporting a variety of map projections is essential to any
system that purports to be of broad scientific value. A netCDF
file containing a grid of upper-air temperatures over a polar
region might have three dimensions (named "x", "y", and
"alt", of lengths 4, 3, and 2), one three-dimensional variable
(named ''Temperature") and three one-dimensional variables
(named ''x'', "y", and "alt") that are related in the following
way: at index triple (ij,k), Temperature(ij,k) represents the
temperature in Kelvins at height alt(i) meters above the point
(at mean sea level) defined by the vector y(j),x(k) on a suitably
chosen polar stereographic projection.
netCDF example_2 {

II

dimensions:
alt = 2, y

// three dimensions

Example 3, a Collection of Surface Observations at a Single
Time
A netCDF file containing surface temperature observations
might be organized as a series of records or list elements. It
. could have one dimension (named "list", having unlimited
size) and three, one-dimensional variables (named "Temp",
"lat", and "Ion") that are related in the following way: at index
i (representing list element i or record i), Temp(i) represents
the observed surface temperature in degrees Celsius at the
point whose latitude and longitude are indicated by lat(i) and
lon(i) respectively.

polar grid illustration

= 3, x = 4;

variables:

// variable names, shapes,
and types
float Temperature(alt,y,x);
float alt(alt), y(y), x(x);

II

attribute values

Temperature:units • "K";

netCDF example_3

// surface temperature
observations

dimensions:
list = unlimited;

// one dimension

II variable names, shapes,
and types
float Temp(list);
float lat(list), lon(list)

variables:

data:
//grid coordinate values
alt

1.0, 10.0;

y

x

Temperature

.4,
.3,

.5,
.4,

.6;
. 5,

II attribute values
Temp:units = "degrees C";

. 6;

//data values
271., 273., 273., 271.,
272., 273., 274., 273.,
272., 272., 273., 272.,

data:

II

coordinate values (for
each list element)

!at = 40.46, 25.40, 41.52,
33.56,
47.27,
39.54;
!on= -73.54, -80.17, -87.37, -118.24, -122.18, -105.07:

274., 276., 276., 274.,
275., 276., 279., 276.,
275., 275., 276., 275.;

II
Temp
}

212

1 7.,

24 . ,

18.,

data values (for each
list element)
22., 16 . , 20.;

This example is quite different from the first two,

because the

Interp(x,table) - The argument x is an n-vector, each
component of which falls in the interval [0,1]; the argument
table is an n-dimensional array, representing (scalar or vector)
lookup values on an equally spaced mesh which exactly covers
the domain of x; and the resultant (scalar or vector) function
value is calculated from table by linear interpolation (in each
of the n dimensions) to the point represented by x.

list dimension enumerates points whose locations are un-

. ordered. Furthermore, the dimension does not correspond to a
single coordinate, the coordinate names cannot both be identical to the dimension name, and the coordinate values are not
monotonic. The storage consumed by coordinate values is
significant, there being a position stored for every datum, but
this cannot be avoided for arbitrarily located points.

Project(x,type, params) -The argument x is an arbitrary
two-vector; the argument type is one of several projection
types, such as "polar'' or "orthographic"; the argument
params is a vector of values, such as central latitude and
longitude, to completely specify the projection; and the
resultant function value is a two-vector representing, as
latitude and longitude, the projection of the point x onto the
(earth's) sphere according to the specified map projection.

In common with the preceding examples, the coordinate values

are stored as variables; let us call them "coordinate variables."
(Thus, we have defined coordinate variables and mesh coordinate variables.) The presence of coordinate variables represents a convention or practice that we encourage strongly. It
would be possible, for example, to use a set of station identifiers, instead of coordinate locations, and to store the station
locations in some other file or in the applications software.
We discourage this because the space savings are modest and
because it is difficult to keep such external files both current
and consistent with old data sets.

Time(dateTime)-The argument dateTime is a string
representing a specific date and coordinated universal time
(UT) in the form "yyyy mmm dd hh:mm:ss", where ss may
include a decimal fraction; the resultant function value is the
difference, measured in seconds, between the specified
date/time and 00:00 on 1January1970.

Later we shall discuss formal ways to distinguish list dimensions from mesh dimensions as well as means to define their
relationships to their corresponding coordinate variables and
mesh coordinate variables.

It should be pointed out that these definitions are proposed as
conventions, not as changes to the netCDF per se. Later, we
will discuss encapsulating the definitions in a separate library
to be used in conjunction with the netCDF library. In other
words, we suggest implementing the coordinate reference
system as a software layer imposed on top of the basic,
netCDF layer for data access.

Standard Coordinates and Useful Projections
Meshes and lists encompass the most common ways that
scientific data are arranged for storage. Hence, distinguishing
list dimensions from coordinate dimensions partially achieves
our first objective, which was to achieve a level of "selfdescription" that fully encompasses the underlying coordinate
locations to which the data correspond. However, our
obj~ctive continued: ... and to do so in ways that support a
v~ety .of commonly u~ reference ~oordinates, geometric
projections, and other kinds of coordmate transformations.

A Strawman, Using netCDF Attributes
Using the (preliminary) definitions articulated in the previous
section, we suggest using the netCDF capabilities for storing
"attributes" as a way to imbed coordinate reference information
in a netCDF file. In particular, we suggest the addition of a
global attribute, named Coord, to which can be assigned a
character string that describes the relationship among
netCDF dimensions, netCDF coordinate variables, standard
projections/transforms, and standardired reference coordinate
systems.

Although the goal refers to coordinate references in general,
the needs of the Unidata program are limited primarily to
coordinate systems for the surface of the earth and the atmosphere. Even in this realm we will consider only a few such
systems, though we will attempt not to preclude extensions to
other coordinate systems in the future. The reader should
understand that these ideas are in the exploratory and formative
stages, and have not yet been adopted or implemented, as of
this writing.

The string assigned to the coord attribute would be built up
from a language defined specifically for coordinate
referencing, and the language would employ certain reserved
names for standard coordinates and for standard transforms,
projections, and other useful functions that cannot be stored as
data in a netCDF file. We do not, in this paper, propose to
formally define such a language, but we will use a loosely
defined "coordinate reference" language to illustrate the concept. For the illustration, we will use as reserved names the
preliminary coordinate and operation names listed in the
preceding section.

With these limitations and caveats, let us choose a small
(preliminary) list of "standard" coordinates by which geophysical data can be located in time and space. For each of
th~~ we ~ill reserye a specifi~ name,. and each name uniquely
"'.ill i~entify a p~cular coordinate with an origin, a (positive)
direction, and a umt of measure.
Lat -

Latitu~

in degrees north of the equator.

We suggest an expression for the netCDF coordinate attribute
that has four sections, each characterizing a different aspect of
the relationships among dimensions, coordinate variables
projections/transformations, and reference coordinates. fu
CDL, the form of the attribute specification would be:

Lon - Longitude in degrees east of Greenwich.
Alt - Height in meters above mean sea level.
Pressure - Atmospheric pressure in hectopascals,
commonly used as a height coordinate in the atmosphere,
· where decreased pressure implies increased height.

:Coord =
"MeshEdges{edgel,edge2, ... }
Coordinates{coordvar1,coordvar2, ... }
Transforms{operator1,operator2, ... }
References{standcoordl,standcoord2, ... }";

Time - Time measured in seconds of coordinated universal
time (UT) since 00:00 on 1January1970.

where the expressions in braces, which may be empty, obey
rules that are specific to the section context. We illustrate with
the rules for the MeshEdges section:

DateTime - Date and coordinated universal time (UT)
indicated as a character string of the form "yyyy mmm dd
hh:mm:ss" where ss may include a decimal fraction.

MeshEdges - Each component of the bracketed expression
must be the name of a mesh dimension or of its corresponding
mesh coordinate variable, and a particular ordering is advised.
Using the most closely related space-time coordinate to each
edg~, the order of the mesh edges should be: Time, Altitude,
Latitude, and Longitude. By agreeing on an order (which is

Let us also reserve. a ~ew n~es for operations that are likely to
be needed for specifying projections and other coordinate
transformations. The following (preliminary) list defines the
(vector-valued) functions and establishes argument bindings
for each.
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independent of the dimension ordering for the various netCDF
variables) display programs can provide a natural view of the
data without human intervention.

EXllmple 2 with a Coordinate Attribute

List dimensions are not to be included in the expression, and if
the netCDF file contains no mesh dimensions, the expression
is empty.

dimensions:
// three dimensions
alt = 2, y = 3, x = 4;

netCDF example_2a {

//variable names, shapes,
and types
float Temperature(alt,y,x);
float alt(alt), y(y), x(x); ·

II attribute values
Temperature: units = "K";

To illustrate the use of this language for characterizing
coordinate reference relationships, we repeat example l,
adding a coordinate attribute.

II global attribute
:Coord =
MeshEdges{alt(alt), y(y), x(z)
Coordinates {al t () , y () , z ()
}
Transforms{\l,
Project({\2,\3},
stereo,{90,0,l})
}
References{Alt•\l, Lat•\2, Lon•\3

EXllmple 1 with a Coordinate Attribute

dimensions:
lat = 3, lon = 3;

II

lat-lon grid
illustration w/ coord
attribute

We interpret the coordinate attribute expression in the
following way. The MeshEdges section indicates that variables which are dimensioned by alt, y, and/or x may be
interpreted as grids whose meshes are based on (the tensor
product of) the alt, y and x variables. The Coordinates section
establishes that standard coordinate referencing is based on
values stored in the alt, y, and x variables. The Transforms
section describes how coordinate variables from the previous
section (y and x, indicated as \2 and \3) are employed in a
projection operator; the alt coordinate variable (indicated as \1)
is not used in the projection and is simply passed along for
future reference. The References section describes how components of the previous section may be mapped directly onto
standard altitude, latitude, and longitude coordinates; note that
the projection operator in the Transforms section produces a
two-vector whose components are referenced as \2, and \3 in
the References section.

// variable names, shapes,
and types
float WindSpeed(lat,lon);
integer lat(lat), lon(lon);

II

variable-specific
attribute
= "m/s" ;

II global attribute
:Coord =
MeshEdges{lat(lat),
lon(lon)
Coordinates { lat () , lon ()
}
Transforms{}
References {Lat• \1, Lon• \2}
"·,
data:
//grid coordinate values
lat = 40,
45,
50;
lon = -95, -100, -105;
WindSpeed =

"i

// two dimensions

variables:

WindSpeed:units

polar grid illustration

variables:

Corresponding rules need to be devised for the other sections,
but the principles can be understood without articulating the
rules here.

netCDF example_la {

II

From this expression it can be deduced how (i,j,k) points can
be mapped to standard altitude-latitude-longitude coordinates,
but the latitude-longitude components depend on both the
second and third dimensions, even though y and x are mesh
dimensions. In other words, the underlying mesh is a tensor
product only in the projected coordinate system, not in lat-lon
space. Note also that the x and y values cannot be chosen
arbitrarily-they must reflect projection coordinates precisely
as defined for the "Project" operator.

//data values
12 • I 13 • I 14 • I
13 • I 15 • I 17 • I
13 • I 14, f 15, j

We interpret the coordinate attribute expression in the
following way. The MeshEdges section merely indicates
that variables which are dimensioned by lat and/or lon may be
interpreted as grids whose coordinates are defined by the lat
and/or lon variables. The Coordinates section establishes that
all standard coordinate referencing is based on values stored
in the lat and lon variables; the notations lat() and lon() serve
to distinguish variables from dimensions. The empty
Transforms section indicates that no transforms or projections
are involved. The References section describes how the two
components of the last non-empty section, indicated as \1 and
\2, may be mapped directly onto the standard latitudinal and
longitudinal earth coordinates.

One might observe that the projection operator is not absolutely necessary: if we were to define a standard pair of
coordinates, say YP and XP, that are always used to represent points in a specific polar stereographic projection (and
those matched the projection used for this example) then the
Transforms section could be empty, and \2,\3 would map
directly to YP,XP. However, the large number of commonly
used projections (made worse by the several parameters that
can be adjusted for each projection) makes this impractical as a
general approach.
Now we tum to a list dimension case, redoing example 3:

From this expression we may deduce that every datum having
a lat index of i, such as WindSpeed(i,2), falls on the latitude
line identified by lat(i). Similarly, WindSpeed(j,k) corresponds to the point on the earth identified by the latitudelongitude pair lat(j),lon(k).

EXllmple 3 with a Coordinate Attribute
netCDF example_3a

// surface temperature
observations

dimensions:
// one dimension
list = unlimited;

Redoing example 2 provides a more interesting case because
of the polar projection. For brevity, we omit the data
declarations.

variables :

//variable names, shapes,
and types

float Temp(list);
float lat(list), lon(list)
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variables:

variable-specific
attribute
= "degrees C";

Temp : units
:Coord •

"

II global attribute
MeshEdges {}
Coordinates{lat(), lon()
Transforms{)
Reterences{Lat•\1, Lon•\2)

data :
lat
lon

II

= 40.46,

=

-73.54,

25.40,
-80.17,

Temp= 17.,

24.,

";

II global attribute
:Coord •
MeshZdges{time(time), lin,
pix)
Coordinates{time(), lin, pix )
Transforms{\1, Project({\2,\3),
satellite, par(,,*) )
References{Time=\1, Lat•\2, Lon=\3)

coordinate values (for
each list element)

41.52,
33.56,
47.27,
39.54;
-87.37, -118.24, -122.18, -105.07:

II
18.,

II

variable names, shapes,
and types
byte IRimage(time,lin,pix);
II a 3-D byte
array for
images
float time(time) ;
II a vector of
observation times
float par(time,lin,parms);
II a matrix of
navigation
vectors

II

data values (for each
list element)
22., 16., 20.;

".,

}

The MeshEdges section indicates the presence of two mesh
dimensions, lin and pix, that do not have associated coordinate
variables. As indicated in the Coordinates section, the values
of the indices themselves are to serve as coordinate values, and
these are passed (as a two-vector) to the Project operator as
indicated in the Transforms section. We assume that the
Project operator has been properly coded to handle satellite
navigation, and that the behavior of the operator is governed
by the five-vector designated par(,,*). Note that the navigation parameters vary both with time and line number. As
before, the Project operator generates a two-vector representing latitude and longitude as shown in the References
section.

Note that the coordinate attribute in the above is very similar to
that of example la-the differences merely reflect that this
example has no mesh dimensions, hence the MeshEdges
expression is empty. The distinction is an important one,
because software for handling gridded data is typically quite
different from software for handling (irregularly located)
elements of a list. However, the similarity between these
examples is not artificial-it reflects that standard latitude and
longitude references can be calculated directly from the
available variables, and that no transfonnations are employed.
Now we turn to a new example. Satellite images represent
some of the most challenging data to store in self-describing
files, because the earth-registration of such images is quite
complicated. In many ways, images are like grids: the scan
lines and pixels are stored in an ordered fashion, and the
relationship between these image elements and their eanh
locations can be thought of as a satellite "projection" although
its geometry usually changes with time and is more complex
than that of a typical map projection.

Two Difficult Cases
To avoid the complexities and computational ovemead
associated with external navigation functions, other ways of
representing earth-reference information for a satellite image
have been examined. One obvious way is to store the latitude
and longitude coordinates for every element of every image.
As a rule, the storage required for this scheme makes it
impractical.

One way to represent earth-referencing information for a
satellite image is to employ external "satellite projection" or
"navigation" functions that have a small set of governing
parameters. These parameters can be stored as netCDF variables and allowed to vary with scan-line index and other
dimensions, as necessary. This approach requires the addition
of suitable navigation functions and their parameter (or argument) descriptions to our list of reserved operator names, but
otherwise the coordinate attribute expressions are somewhat
similar to those of example 2a

A substantially more compact approach is to store latitudelongitude tables from which line/pixel locations can be
calculated by interpolation. This takes advantage of the gridlike nature of an image and assumes that line/pixel locations
vary with reasonable smoothness-if they do vary smoothly,
the size of the tables can be kept reasonably small. This is a
highly general way to store earth-referencing data for an
image, and it has been found to be both satisfactory and
' computationally efficient. In the following, we illustrate how
the netCDF and the coordinate attribute might be used with this
approach.

Example 4, Satellite Images with External Navigation
A netCDF file containing hourly infrared satellite images might
have three dimensions for the images (say "time," "lin," and
"pix") and a fourth dimension ("panns") to reflect the number
of parameters that are passed to the navigation function. One
mesh coordinate variable (named "time") would be used to
store date/time values in a natural way. Unlike previous
examples with mesh indices, there would be no coordinate
variables associated with the lin and pix dimensions. Instead,
the lin and pix indices would be used directly as arguments to
the navigation functions.
netCDF example_4
dimensions:
time = 24, lin

II

Example 4 with "Lookup Table" Navigation
This example is identical to example 4 except for the use of latlon tables in place of external navigation functions. As before,
there are no coordinate variables associated with the lin and pix
dimensions. Instead, the 1in and pix indices themselves would
be treated as pointers into the lat-lon tables. To determine the
eanh location of pixel (i,j) we would interpolate to a corresponding point in the lat-lon tables, calculated under the
assumption that the table edges correspond to the image edges.

satellite image wl
"external" navigation

netCDF example_4a {

II four dimensions
1001, pix = 1001, parms • 5;

II

satellite image wl
"lookup-table"
navigation

dimensions:
II five dimensions
time=24, lin=lOOl, pix=lOOl; II three for the
images
lint-10, pixt=lO; II two for lat-lon tables
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variables:

II

variable names, shapes,
and types
byte IRimage(time,lin,pix);
II a 3-D byte
array for images
float time(time); II a vector of observation
times
float lat(time,lint,pixt),
lon(time,lint,pixt); II lat-lon tables

II global attribute
:Coord •
MeahZdqea{time(time), lin, piz}
Coordinatea{time(), lin, piz }
Tranatorma{\1,
Interp({\2,\3},
{lat(,*,*),lon(,*,*)} ) }
Reterences{Time=\1, Lat•\2, Lon=\3}

II global attribute
:Coord •
MeshBdqes{time(time)
}
Coordinates{time(), press(), lat(),
lon () }
Transforms{\1 + Time(:Launch), \2, \3,
\4}
References{Time=\1, Pressure=\2,
Lat•\3, Lon•\4
";
The time variable (on the time dimension) represents the only
mesh edge in this example. This makes sense because, if we
hold the platform index fixed (and ignore the values of the lat
and Ion variables), we can view Temp as a (one-dimensional)
gridded variable on a time mesh. Actually, we could do the
same with variables press, lat, and Ion, considering them to be
time-dependent variables (rather than independent variables).
If we know that the pressures are monotone along the time
dimension (i.e., because the balloons are all ascending), then
we could consider the variable press, for a fixed platform, to
represent mesh coordinates. The coordinate attribute does not
change very much:

"·,

In this illustration we have, in essence, stored a lat-lon pair for
. every lOOth pixel on every lOOth scan line, and intermediate
locations are calculated by interpolation. We chose the sizes
so that table elements coincide exactly with particular lines and
pixels, but this is not necessary-the interpolation algorithms
would work with any image/table ratios.
There are several things to notice about the coordinate attribute. The MeshEdges section employs two mesh dimensions,
1in and pix, that do not have corresponding mesh coordinate
variables. As indicated in the Coordinates section, the values
of the indexes themselves are to se_rve as coordinate values.
Use of the lat-lon tables is described in the Transforms
section. The vector-valued Interp operator takes two indices
and two tables as arguments; actually, the two tables are first
combined into a vector-valued table and the result is passed to
the interp operator as a single argument. Note the use of"*"
to indicate which dimensions of lat and Ion define the shape of
the table; remember that the lat-lon tables vary with time, so
the interpolation must be performed on the tables with the time
index properly fixed.

:Coord •
MeshBdqes{time(time),
press(,time)
Coordinates{time(), press(), lat(),
l.on () }
Tranatorma{\1 + Time(:Launch), \2, \3,
\4}
References{Time•\1, Pressure•\2,
Lat•\3, Lon•\4
";

This is the first example in which a mesh coordinate variable
does not carry the same name as its dimension. Indeed, Press
has more than one dimension, but it can serve to define a mesh
edge only in conjunction with its time dimension, i.e., the
platform index must be fixed. Observe the notation carefully
in the MeshEdges section.

As a final example, we observe that a single file easily can
include data that are neither entirely gridded nor entirely
characterized as elements of a list:

It is a matter of choice whether to name the dimension "press"
instead of "time" in the last example. The choice probably
depends on how one thinks of the data being collected. However, we do not think same-named variables and dimensions
should be used spuriously. To help avoid confusion, we
propose the following convention for using netCDF variable
and dimension names:

Example 5, a Collection of Balloon-Borne Measurements at
Several Times
If a data set contains temperature measurements from a set of

The name of a variable and the name of a dimension in a
netCDF file should coincide only if:

eight balloons that float freely, then its netCDF representation
might contain two dimensions (named "platform" and ''time")
and five variables (named "Temp", "press", "lat'', "Ion", and
"time") that are related in the following way: at index pair
(ij), Temp(i,j) represents the temperature recorded on balloon
i at time(j), the height of balloon i is represented by press(ij),
and the (horizontal) position of balloon i at that time is
represented by lat(i,j) and lon(i,j).
netCDF example_S

II

the shape of the variable includes the same-named
dimension (most typically, as its only dimension);
when all other indices (if any exist) are held fixed, the
values of the variable are monotonic (increasing or
decreasing) along the same-named dimension and
represent ordered points along (the edge of) some
coordinate mesh.

multiple balloon
measurements

dimensions:
II two dimensions
platform = 8, time = unlimited;
variables:

Such a variable is considered to be a "mesh coordinate
variable," the same-named dimension is a "mesh dimension,"
and together they may be used as a "mesh edge" in the
expression for the coordinate attribute.

II

variable names, types,
and shapes
float Temp(platform,time);
int press(platform,tirne);
float lat(platform,tirne), lon(platform,time),
time(time);
II global attributes
:Launch
"1990 Aug 10 16:01:07"

II
Temp: units

Another interesting point in example 5 is that the Transforms
section uses another value from the netCDF file, namely, the
global attribute :Launch, which defines the time of launch. In
this way, values stored in the time coordinate sample can
represent elapsed time since launch and yet these values C3!1
also be related with ease to the standard (reserved name) Tune
coordinate, as indicated in the References section.

variable-specific
attributes

"K";
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If the approach of this paper were to be followed, the

coordinate reference library would probably compile the
coordinate attribute expression to establish the mappings
discussed in the pre:vious paragraph. For netCDF files
containing only mesh dimensions, such mappings can
represent inverses of one another, except for discretization
errors. In contrast, the mappings can occur only in one
direction (from netCDF dimension space to reference space)
for netCDF files containing only list dimensions.

Conclusion

Though considerable refinement would be req~ired, we
believe it is possible to create a formal, unamb1guo"!s, and
useful coordinate reference language that can be assigned to
netCDF coordinate attributes in the fashion illustrated above.
The purpose for doing so would be to support a "coordinate
reference library" to assist in the calculation of earth-reference
and other coordinate information for a very broad class of
geophysical data, whether observed or modeled.

Clearly, the problem is very complex, and we are not sure that
this approach is the best one. Unidata is in the process of
shifting to the use of object-oriented programming for internal
development, and this may lead to approaches that are less
complicated, through the use of classes and inheritance. In
any case, we hope that this paper lays out some of the issues
that must be addressed if a comprehensive solution is to be
found-in particular, we believe that none of our examples are
artificial and, taken together, they hint at the wide range
encompassed by earth-referencing techniques for scientific
data

Such a library probably should provide many services. Th7
most important ones, however, would be to perform mappings
back and forth between "netCDF dimension space" and some
"reference space," typically representing a space-time coordinate system. Points in "netCDF dimension space" would be
identified by vectors of indices for the various mesh and list
dimensions of the netCDF file. Points in the "reference space"
would be represented as vectors of "standard" coordinates.
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4.3

THE DESIGN STRUCTURE OF A GEOPHYSICAL DATABASE
Dr. Joel N. Myers
President
Accu-Weather, Inc.
619 West College Avenue ·
State College, PA 16801

Accu-Weather's database of Geophysical
Information, Accu-Data~, has been designed to be
a complete and efficient interactive system for
data access.
Data comes into the system from a wide
variety of sources, and is processed and sorted
continuously so that it is available to users
within a second of receipt into the system.
Information is not only available in raw
formats as received, but is processed to be
available in several different formats,
including decoded, plain language, graphics, and
as character and high resolution maps.
Accu-Data has been designed to make
complex meteorological parameters available in
graphic representations which allow information
to be readily assimilated by both experienced
and unsophisticated users.
There are also several special features
incorporated into the system designed to allow
for easy access of information quickly and
efficiently. Menu Systems guide the
inexperienced user to desired information. OnLine Help Systems can be accessed at any point,
with files targeted to answer specific user
questions based upon the point of entry into the
system.
The Menu and Help Systems are transparent,
and all products can be accessed through the use
of product codes.
In addition, Accu-Data~ is
structured to facilitate the use of "command
files" which combine multiple locations and/or
product codes to enable pre-definition of a user
selected group of products. Once specified,
these products can be accessed with one command.
This feature is especially valuable to
users who typically access the same parameters
and fields on multiple occasions, and to users
who require preformatted data fields for
numerical models without user intervention.

218

4.4
Earth Science Data Processing, Archiving, and Access at
NASA/MSFC in the EOS era.
H. Michael Goodman
ES44, NASA/Marshall Space Flight Center, Huntsville, AL 35812

Matthew R. Smith, c. Vada LaFontaine, Frank J. LaFontaine,
Universities Space Research Association, Huntsville, AL 35806
Don D. Moss
University of Alabama in Huntsville, Huntsville, AL

1.

in the study of the water and energy cycles of
the earth.
The Satellite Precipitation and
Cloud Experiment/Cooperative Huntsville
Meteorological Experiment (SPACE/COHMEX) in 1986
and the Global Backscatter Experiment (GLOBE) in
1989-1990 are two examples of research field
experiments conducted by MSFC which have
utilized both space- and ground-based systems.

INTRODUCTION

The Marshall Space Flight Center (MSFC)
has a major role in the National Aeronautics and
Space Administration's (NASA) Earth Observing
System (EOS) program.
MSFC is involved in
developing,
designing,
and building the
instruments, conducting the sponsored research
programs, and collecting and processing the
data.

The SPACE experiment's primary objective
was to gain a greater understanding of
precipitation processes associated with
mesoscale convective systems and use this
understanding to help define space sensor
requirements for remote sensing applications
(Arnold et al., 1986). Although this experiment
was mesoscale and not planetary in scope, it
nevertheless generatea a large archive of both
space- and ground-based data. This archive is
currently maintained at MSFC by the Earth
Science and Applications Division.

The EOS is a comprehensive Earth observing
program scheduled for initial space flight in
the late 1990's.
NASA plans to launch a series
of polar-orbiting platforms furnished with a
full complement of instruments which will
remotely sense the earth's surface, atmosphere,
oceans, and cryosphere. The primary goal of EOS
is to "create an integrated space-based
observing system that will enable
multidisciplinary study of the earth's critical,
life-enabling, interrelated processes involving
the atmosphere, the oceans, the land, and the
solid Earth" (EOS, 1990). To accomplish this
goal, an extensive data and information system,
including a data processing and retrieval
system, must be developed. A global data base
must be collected over at least a decade to
support the research in the Global Change
Research Program. The EOS program is composed
of three primary components: 1) the EOS Space
Measurement System (i.e.
the polar-orbiting
space platforms and component instruments), 2)
the EOS Scientific Research Program, and 3) the
EOS Data and Information System (EOSDIS).
As
mentioned above, MSFC is involved in all three
aspects of the EOS program.
This paper,
however, will only address MSFC's involvement in
the EOSDIS.

2.

35899

GLOBE is serving as a vehicle for the
development of the EOS's Laser Atmospheric Wind
Sounder (LAWS) instrument.
The LAWS instrument
is currently envisioned as a low-earth-orbit
pulsed Doppler lidar for direct measurement of
global-scale tropospheric and lower
stratospheric wind prof ilea ( Wil 1 iams and
Bowdle, 1990).
GLOBE consists of a series of
survey flights around the Pacific rim with a
DC-8 aircraft equipped with a prototype LAWS
instrument.
The flights provide a spatial
distribution of aerosol backscatter and
comparisons with other on-board lidar
instruments and climatology data.
MSFC scientists are also active in
lightning research and its relationship to
precipitation, the global electric circuit, and
NOx production. Several Space Shuttle flights
used video cameras and still cameras
to
visually detect lightning during night
overpasses of thunderstorms.
Quantitative
measurements of lightning have also been
collected by instrumented high-altitude aircraft
overflights of thunderstorms. The NASA U-2/ER-2
airplanes flew numerous missions with MSFC
sensors capable of detecting the optical and
electrical characteristics of lightning
discharges.
These data served to define the
instrument criteria for detecting lightning from
geostationary and polar orbit. This led to a
proposed Lightning Imaging Sensor (LIS) for use
in the Tropical Rain Measuring Mission (TRMM),
Space Station Freedom, and EOS (Christian et
al., 1990).

EARTH SCIENCE BACKGROUND AT MSFC

The MSFC Earth Science and Applications
Division has acquired an expertise in several
atmospheric science research areas.
In recent
years the Earth Science and Applications
Division has focused much of its research and
research support on topics related to the global
cycles of water and energy of the earth's
atmosphere. A brief description of some of the
research topics and/or experiments conducted by
MSFC is given below.
MSFC has utilized remotely sensed (e.g.
space-based satellite data) and ground-based
in-situ (e.g. rain gauge network) measurements
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3.3

Scientists at MSFC made a significant
contribution in the field of passive microwave
remote sensing of the atmosphere. A recent MSFC
study of the passive microwave data from the
Microwave Sounding Unit (MSU) determined that
there is no trend towards global warming in the
mid-troposphere for the period 1979 to 1988
(Spencer and Christy, 1989).
Other passive
microwave studies at MSFC resulted in improved
microwave precipitation algorithms.
One recent
study produced an algorithm using the microwave
scattering and polarization characteristics of
the 85 - GHz frequency on the Special Sensor
Microwave / Imager ( SSM/ I) (Spencer et al. ,
1989) to delineate areas of precipitation.

The EOSDIS overall system is based upon an
open and distributed architecture.
There are
seven major data centers and several affiliated
data centers. The lead EOS data center is the
Goddard Space Flight Center (GSFC).
The EOSDIS
data centers are called Distributed Active
Archive Centers (DAAC).
Each of the seven
DAAC' s specialize in some aspect of Earth
science data processing (Fig. 1).
The seven
DAAC's and their Earth science emphases are:
1.

2.

Based upon the research described above
and other ongoing atmospheric science research
at the Earth Science and Applications Division,
MSFC was selected by NASA Headquarters as the
EOS center for studies of climate hydrodynamics.

3.
4.

3.

EOSDIS SYSTEM

s.

3.1

EOSDIS Strategy

6.

7.

The strategy for building the EOSDIS is
based upon the following concepts:

*

Evolve with the expected advances in
computing and the expansion and/or
modification of requirements as the
program progresses;

*

The overall system architecture will be
open and distributed;

*

All data must be easily accessible for all
researchers;

*

Build upon the existing infrastructure and
use lessons learned from current efforts.

Alaska Synthetic Aperture Radar (SAR)
Facility Cryosphere studies using SAR
imagery
Earth Resources Observation Systems (EROS)
Data Center/U. s. Geological Survey - Land
Processes
NASA/Goddard Space Flight Center - Upper
Atmosphere, Ocean Biology, and Meteorology
NASA/Jet Propulsion Laboratory
Oceanography and Air-Sea Interaction
NASA/Langley Research Center - Radiation
Budget and Upper Atmosphere
National Snow and Ice Data Center - Snow
and Ice Studies
NASA/Marshall Space Flight Center - Climate
Hydrodynamics

A DAAC is composed of three subsystems
which perform separate but integrated tasks.
A
DAAC consists of· a Product Generation System
(PGS), a Data Archive and Distribution System
(DADS), and an Information Management System
(IMS).
Each DAAC will receive the Level 0
unprocessed instrument data and ancillary
engineering data through high speed
communication links from the Customer Data and
Operations System (COOS) located at White Sands
Ground Terminal.
The PGS will process the data
into higher level products.
It will utilize
processing algorithms that have been verified
and validated by the appropriate EOS instrument
team.

A discussion of each of these concepts and their
pertinence to MSFC follows.
3.2

Open and Distributed Architecture

The DADS is the archive and distribution
component of the DAAC.
The data will be
permanently archived at the site and made
available for distribution to the instrument
science teams and the user public.

Evolving System

The first concept is addressed by assuring
that the development and subsequent operations
of the EOSDIS will be a continually improving
process.
Throughout the lifetime of the EOS
program there will be several major EOSDIS
versions (software and hardware improvements).
These major versions will coincide with
milestones in the EOS program as a whole. The
initial EOSDIS version is called Version 0 (VO).
This version is currently under development and
will be based upon existing data processing,
archive, and distribution facilities at each of
the proposed EOSDIS centers.
The next major
version change (i.e. Version 1) will be the
first full functioning system employing all the
EOSDIS functionality called for in the project
plan.
Version 2 of EOSDIS is the data system
for the first EOS platform in space. Subsequent
major versions will coincide with milestones of
the additional EOS platforms.
Minor version
increments within major versions will occur as
smaller changes are required. MSFC will work
with the EOSDIS project office and the other EOS
data centers in the development of all EOSDIS
version updates.

The IMS provides catalog/ inventory and
other metadata to the Master Directory located
at GSFC. The IMS provides the user interface to
the DAAC's. Through the IMS the user can browse
through data sets, place orders, and determine
what data is available (Fig. 2).
Each DAAC,
therefore,
is a complete data processing,
archive, and distribution center.
3.4

Data Accessibility

The fundamental objective of the EOSDIS is
to provide full and open sharing of the complete
EOS data set to all qualified users.
A
qualified user is any group or individual who is
directly ass~ciated with Earth science research
and is associated with an approved agency or
company that provides a service for the good of
the public.
Those users who request data for
scientific, operational, applications, or
commercial uses must agree to the data
stipulations as set forth by the EOS program.
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day's worth of reduced resolution data.
More
importantly, the users can communicate with each
other through a host computer (an IBM 3090 at
the MSFC) allowing the electronic sharing of
imagery for algorithm development, verification,
intercomparison, and modification.
The WetNet
communications software is being modified to use
Transmission Control Protocol/Internet Protocol
(TCP/IP) over existing NASA networks. This will
allow higher speed communication and data
transfer.

The charge for providing this data will be
limited to the cost of reproduction and
distribution (Hunolt, 1990). The data will be
processed to the point where a detailed
understanding of the instrument is not
necessary. The data will be available as soon
as they are cataloged and archived · by the
DAAC's.
3.5

MSFC's Existing Infrastructure (WetNet)

Each of the DAAC's was selected as a data
center because of its commitment, history, and
expertise with a particular Earth science
subject(s).
Each DAAC has an existing data
processing system associated with its Earth
science expertise.
At the MSFC the data
processing system which will serve as the base
for the VO DAAC is WetNet.

3.6

Evolution of WetNet to EOSDIS standards

The EOSDIS project at MSFC will
incorporate some of WetNet's features into the
the MSFC DAAC.
In 1991 and following years
WetNet will expand its data base, user base, and
functionality.
A second SSM/I instrument is
currently scheduled for launch aboard a
Department of Defense satellite in November,
1991.
MSFC plans to process this data and
distribute it on magneto-optical disk.
CD-ROM
optical disk media will be added to the archive
in 1991 as a complement to the rewritable
magneto-optical disks.
The WetNet archive is
considered to be the optical disk itself since
all the data is stored on it. Conversely, the
VO archive will be a mainframe mass storage
device.

WetNet is an interdisciplinary,
interactive data analysis and research project
devoted to the study of the global hydrologic
cycle.
This project is designed to enhance
scientific analysis and promote a cooperative
apptoach to research problems.
The project is
primarily composed of science investigators from
NASA, NOAA, and the university community. The
scientists are loosely divided into three groups
or teams: ( 1) atmosphere, ( 2) land, and ( 3)
ocean studies.
The interdisciplinary nature of
the project encourages joint research by
individuals from two or three different teams.

The WetNet image data base is built upon
the McIDAS-OS2 image format. There is a need to
convert this format to a more universally
accepted standard.
Presently WetNet, at the
request of several users,
is developing a
conversion routine to transform any McIDAS-OS2
image into the NASA Common Data Format (CDF).
The CDF provides to the applications programmer
a data-independent, multidimensional storage
structure (Treinish and Gough, 1987) for use in
generic display software. A complete library of
CDF software is available through the National
Space Science Data Center located at the NASA
Goddard Space Flight Center.
The CDF, however,
is not the EOSDIS standard.
Currently the
EOSDIS standard has not been defined. MSFC is
working with the EOSDIS project in defining this
standard.

The primary data source for the WetNet
project is the SSM/I on board a polar orbiting
Defense Meteorological Satellite Program
satellite. Supporting data currently includes
geostationary satellites (GOES and Meteosat) and
radar.
U.S.
surface and upper-air data,
Japanese Geostationary Meteorological Satellite
data, as well as global-scale data from the
Advanced Very High Resolution Radiometer will be
added when available.
There are currently 27 principal
investigators throughout the United States and
one in England
(Goodman et al., 1990).
Each
investigator is provided with a WetNet
workstation (hardware and software) and archived
data, as well as access to the MSFC WetNet data
base.

The WetNet catalog use~ another McIDAS-OS2
format for storing metadata (i.e. data about
data).
This catalog stores geographic,
temporal, data quality, navigation, and other
ancillary data about the individual images. The
catalog is updated as the data is processed. In
the VO EOSDIS this metadata must be sent
electronically to the Information Management
System located at GSFC.
The catalog is the
fundamental data file for locating and browsing
the archive for desired images.
An interactive
catalog access program permits a user to search
and display any image in the data base with the
"point and click" of a mouse.
This type of
functionality should be incorporated into the
EOSD IS system.
However, under EOSD IS a more
generalized means of providing access to the
metadata and ordering the data also needs to be
developed.

The WetNet workstation consists of an IBM
PS/2 Model 70,
a high-speed modem,
and a
rewritable magneto-optical disk drive.
The
foundation of the software is McIDAS-OS2 (a
PC-based image processing and data analysis
package from the Space Science and Engineering
Center of the University of Wisconsin-Madison).
Additionally, supplementary analysis software
and a menu-driven user interface were developed
in the MSFC Earth Science and Applications
Division.
The Wetnet scientists have access to both
archived and on-line data.
Pre-processed SSM/I
data is received at MSFC, then reformatted,
cataloged, and archived with supporting data on
a magneto-optical disk. When fully operational,
these disks will be sent to all investigators
every two weeks. Thus, each scientist will have
a complete WetNet archive. They may also choose
to receive nightly broadcasts (via modem) of a
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Earth Observing System, 1990: EOS Reference
Handbook,
NASA Goddard Space Flight
Center, U.S. Government Printing Office

As part of the evolution to a VO DAAC,
WetNet will gradually provide its services to a
greater number of users.
This user base will
grow each year throughout the duration of the
project.
4.

#256-697/20032

Hunolt,
Greg,
1990: Early-EOSDIS Program
Plan-Draft, NASA Headquarters, Code SE!,
August 1990.

CONCLUSION

The complete EOSDIS DAAC Vl functionality
is still under design and review.
WetNet and
the existing data systems at the other DAAC's
will contribute to the overall system
functionality by providing valuable input based
upon experience with their respective systems
and lessons still to be learned in the VO DAAC.
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4.5

INFORMATION MANAGEMENT FOR THE ENVIRONMENTAL MONITORING AND ASSESSMENT PROGRAM

Eugene P. Meier, Ph.D. 1 , Rodney L. Slagle 2 , Jon B. Clark3 , Jan Golding2 , and Rick A. Linthurst, Ph.D. 4
1

U.S. EPA, Environmental Monitoring Systems Laboratory, Las Vegas, Nevada
2Lockheed Engineering and Sciences Company, Las Vegas, Nevada
3 Computer Sciences Corporation, Las Vegas, Nevada
4
U.S. EPA, Office of Modeling, Monitoring Systems and Quality Assurance, Washington, DC
Environmental
monitoring programs are
inherently data intensive,
generating large amounts of
data which must then be
integrated and analyzed at
manageable levels in order
to convey usable
information to scientists,
environmental decision
makers, and the public. The
problems of effectively
using and delivering large
amounts of data and
information to the right
people in a timely manner
are significant. These
problems can be exacerbated
by the large volume of data
that is generated by new
technology such as remote
sensing and continuous
monitoring systems. In
addition, the growing
realization that
environmental issues need
to be dealt with using
regional, national, and
global spatial scales and
long-term time frames
suggests a broader
requirement for use of
environmental monitoring
data and information.
Thus, the collection,
management, integration,
analysis, communication and
presentation of
environmental information
presents a significant
challenge to the
environmental community for
the 1990s.

Program (EMAP), to assess
the status and trends of
ecological resources in the
United States. EMAP will
take years to become fully
implemented; however, an
effort to design and
implement an EMAP
information management (IM)
program has been initiated.
This IM program will
facilitate the following
activities:
(1) integration,
analysis and presentation
of large volumes of
environmental data and
information across media
and ecosystems;
(2) integration of
environmental data and
information from multiple
agencies and programs,
including those at the
international level; and,
(3) easy access by
the federal, state, and
private sector tQ EMAP data
sets.
This program will
be exploring new and
existing approaches in
information management to
provide a distributed data
system that will
effectively support the
above activities. Through
the accomplishment of these
activities, EMAP will
supply federal, regional
and state environmental
managers with the types of
information necessary to
evaluate ecological status
and trends and make timely
decisions concerning the
management of environmental
resources.

Within the U.S.
Environmental Protection
Agency, the Office of
Research and Development
has initiated a new
program, the Environmental
Monitoring and Assessment
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4.6
THE MASTER DIRECTORY FEATURING THE NASA CLIMAT~ DATA SYSTEM:
A SCIENTIFIC DATA INFORMATION SERVICE
Joy A. Beier
John N. Scialdone
Frank E. Corprew
Science Applications Research
Lanham, MD 20706
James R. Thieman
NASA/Goddard Space Flight Center
Greenbelt, MD 20771

1.

INTRODUCTION

The Master Directory (MD) is a
project to enable researchers to
efficiently identify, locate and obtain
access to space and Earth Science data.
rhis effort was originally recognized
and designed by NASA as a way to
facilitate its data from space missions
to meet the needs of the NASA science
community. The MD is a
nulti-disciplinary, information system
containing Earth and space science data
sets that are of potential interest to
the research community. The MD
currently holds over 500 descriptions
of Earth science data sets from NASA,
NOAA, USGS, DOE, and many other agencies
and institutions. Descriptions of data
sets include a brief summary, keywords,
archive information, data center
personnel, and bibliographic references.
In addition, the MD provides automatic
connections to over 20 on-line systems
including NASA's Climate Data System,
which supports researchers in the
atmospheric, ocean and land sciences
and will be stressed in this paper.
rhe MD resides on a VAX 8650 using the
i/MS operating system and a relational
Data Base Management System.
2.

ASPECTS OF THE MASTER DIRECTORY

The MD contains high-level
descriptions of data sets and provides
nechanisms for searching for data sets
by important criteria such as parameters
neasured, temporal -and spatial coverage,
spacecraft and sensor, etc. The MD also
provides information on where to go to
order the data. (A data set consists of
numerical measurements of physical and/or
chemical properties such as sea surf ace
temperature, the concentration of carbon
dioxide in the atmosphere, ocean
currents, magnetic fields, albedo and
thermal inertia, etc ... These
properties may be measured directly via
in situ methods or indirectly via remote
sensing.)
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The MD is more than just a
directory, however. In many cases, it
offers automatic network connections to
online information systems where more
detailed information about data of
interest may be obtained, accessed or
ordered. These systems include NASA's
:limate Data System, the Planetary Data
System, NASA's Ocean Data System, the
Pilot Land Data System, etc. The MD
also provides general information about
nany data systems, data centers, and
coordinated data analysis projects.
Features of the MD include:
a)

Capability of searching for data
sets by any combination of keywords
(discipline, location, parameter
measured), start and stop dates,
spacecraft or data source, sensor,
geographic coverage, scientific
project, and investigator;

b)

Easy-to-use menu, command, and
screen-form interface that can be
used with most terminal types
(including "smart" and "dumb"
terminals);

c)

Displays of data set information
including title, summary, keywords,
temporal and spatial coverage,
archive information, data set
personnel, and bibliographic
references;

d)

Displays of data center information
including data center services,
contacts, access procedures,
available distribution media, and
costs;

e)

Displays of science project
information such as scientific
objectives, data characteristics,
and contacts;

f)

Displays of source/spacecraft/platform
and sensor/instrument information.

g)

Automatic connections to selected
data systems or catalogs through a
simple LINK command;

h)

HELP from every MD screen.

The MD currently holds over 750
descriptions of earth and space science
data sets from NASA, the National
Jceanic and Atmospheric Administration
(NOAA), the U. S. Geological Survey
(USGS), the Carbon Dioxide Information
~nalysis Center (CDIAC), and many other
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agencies and institutions. There is a
scientific coordinator affiliated with
each discipline area who is responsible
for gathering and identifying data sets
for entry to the MD, as well as
naintaining and updating the database
regularly.
The MD may be accessed free of
charge via SPAN, Telnet, and OMNET, as
well as through direct dial-in lines.
~ccess procedures are as follows:
3.)

Via SPAN:
From SPAN nodes, enter "SET HOST
NSSDCA" from the $ prompt and enter
"NSSDC" at the USERNAME: prompt
(there is no password) .

b)

Via Direct Dial:
Set your terminal to full.duplex,
eight bits, no parity, one stop bit
and 300, 1200, or 2400 baud. Dial
301-286-9000 or FTS 888-9000. At
the ENTER NUMBER: prompt, enter MD
and a carriage return. When the
system responds CALL COMPLETE, enter
a few more carriage returns and the
USERNAME: prompt will appear.
Enter "NSSDC".

c)

Via Telnet:
From a Telnet node, enter "TELNET
NSSDCA.GSFC.NASA.GOV", or "TELNET
128.183.10.4" at the system prompt.
Enter "NSSDC" at the USERNAME: ·
prompt.

d)

Via OMNET:
If you have an OMNET subscription
you may use the "GOTO NSSDC" command
which will do the login procedure
for you, bypassing the Username:
prompt.

The MD is intended to be usable
without prior training, but if you would
·like to have an MD reference guide, or
if you have any questions about or
problems with the MD please contact Dr.
James Thieman at (301) 286-9790 or Dr.
Joy Beier at (301) 794-5289.
2.1

INTERCONNECTED DATA SYSTEMS: NCDS

The NASA Climate Data System
(NCDS) is an interactive scientific
information management system composed
of an integrated set of tools for
locating, accessing, manipulating and
displaying data from NASA research and
development data sets and several
correlative data sets. It provides
comprehensive information about
available data and flexible, easy access
to a number of valuable climate data
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sets from both satellite and
conventional sources. To use NCDS, you
nust be able to access the National
Space Science Data Center (NSSDC)
:omputer Facility (NCF) and obtain an
NCF VAX user account. NCDS can be
accessed via directly connected
terminals, through dial-in phone lines,
over the Space Physics Analysis Network
(SPAN) using DECnet, TCP/IP Internet,
or GTE Telenet.
The NCDS consists of five major
subsystems: Catalog, Inventory, Data
~ccess, Data Manipulation and Graphics.
rhe Catalog subsystem provides summary
and detailed descriptions of
climate-related data sets. The
Inventory subsystem provides temporal
and volume information on data sets
available through the NCDS. The Data
~ccess subsystem provides the user with
the capability of accessing and
extracting off-line data sets for
analysis in the Data Manipulation and
3raphics subsystem of NCDS or in the
user's personal system. The Data
~anipulation subsystem of the NCDS
provides users with utilities for
listing, subsetting, copying, creating
parameters and stratifying both on-line
data sets and those data sets extracted
from off-line sources and stored in a
special data independent format called
:ommon Data Format (CDF) . The NCDS
3raphics Subsystem provides the user
with many graphical display capabilities
ranging from histograms to colored
napped surf ace plots and a means for
storage of these graphical displays.
rhe data offered through NCDS is
available from several sources,
including magnetic tape, optical disk,
:D-ROM and on-line magnetic disk
storage.
NCDS has over 50 data sets
available to NASA-funded users and
university researchers. NCDS data sets
are categorized in the following climate
subdisciplines, Atmospheric Composition,
2louds and Radiation, Global
:limatologies and Oceanographic Data
sets, and Solar Activity and Irradiance.
NCDS supported data sets include many
from the NIMBUS satellite, the World
~onthly Surface Station Climatology
(WMSSC), the International Satellite
:loud Climatology Project (ISCCP), the
~irst ISCCP Regional Experiment (FIRE),
and the Earth Radiation Budget
Experiment (ERBE) . Data are
continuously being added to the NCDS
~rchive in response to NASA research
requirements. Further information about
NCDS can be obtained by contacting the
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NCDS User Support Office at (301)
286-3209, SPAN- NCF::NCDSUSO or writing
to:
NCDS User Support Office
:ode 934
NASA/Goddard Space Flight Center
~reenbelt, Maryland 20771 U.S.A.
3.

CONCLUDING REMARKS

The MD is an index to all space
and Earth science data holdings archived
within NASA, as well as data stored in
the non-NASA institutions. It serves as
an ideal tool for researching and
advertising data sets because each one
is represented by a thorough text
description consisting of a number of
fields describing its attributes,
including how to access the data. The
user can not only get information on
where to go next to obtain further
details about the data but, in many
cases, the MD will automatically link
the user to other data information
systems which contain more detailed
information online. And with the recent
implementation of MD's in Japan and
Italy, the MD will enhance its
world-wide exposure, thereby increasing
the visibility of useful data sets, thus
helping to spur international coordination
among researchers.
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4.7

PROGRESS IN DATA MANAGEMENT THROUGH
NASA'S CLIMATE DATA SYSTEM

Lola M. Olsen
NASA/Goddard Space Flight Center
Greenbelt, MD. 20771
1.

INTRODUCTION
NCDS. Unfortunately, the lists of query parameters were
slightly different because the database column widths were
different. Consistency has been established, and users are
now able to locate their data without having to respecify what
they seek.

NASA's Climate Data System (NCDS) is an interactive,
scientific data management system composed of an
integrated set of software tools for locating, accessing,
manipulating, and displaying data from NASA and other
correlative research missions. NCDS is presently available
to users through the National Space Science Data Center's
(NSSDC) Computer Facility (NCF) on a VAX 6410. Many data
sets in the subdisciplines of Clouds and Radiation, Global
Climatologies and Oceanography, Atmosphere Composition,
and Solar Activity I Irradiance are available either directly
online (no operator intervention) in the Common Data Format
(CDF) or through the Data Access subsystem where native
format data are transformed into CDF. The Common Data
Format i's a ~£-describing, data-independent format that
permits the application of analysis tools developed for
handling data in CDF format and is the foundation of NCDS.
This paper will address progress both on technological issues
of the current NCDS system and in general data management
for system integrity.
2.

Another issue recently resolved was one of dealing with
multiple media. The original system was designed for
handling only magnetic tape. Providing new methods for
metadata ingest from other media was essential, and
populating the database with information about online data
became the top priority as more data moved online in CDF. To
ingest metadata from a CDF directly, programs were written
in-house to extra·ct information stored in the CDF header and
automatically load the database with the information. Several
attributes were added to the new CDF structure to populate all
the database tables. The NCDS staff continues to address the
quality, completeness, and consistency of its databases as
database capabilities improve and new media are supported.

NCDS SYSTEM TECHNOLOGY
ISSUES AND PROGRESS

2.3

The data holdings of NCDS are increasing in all the
subdisciplines as new data sets are produced. For a current
listing of data, see "Data Availability Through NASA's
Climate Data System" (Olsen 1990). Although many of these
data sets are available for online access in the Common Data
Format (CDF) , many are too large to be held totally online at
the present time and therefore reside on tape in their original
format. These offiine data are converted transparently onto
magnetic disk in CDF through the Data Access subsystem.

2.1 User Interface

The Transportable Applications Executive (TAE) served
to link and provide a consistent interface for the five major
subsystems of NCDS in the past. These subsystems were
Catalog, Inventory, Data Access, Data Manipulation and
Graphics. Although TAE remains as that link at the top level,
new interfaces have been designed for the Catalog and
Inventory, which are now combined, and for the Data
Manipulation subsystem. Much work remains to be done to
improve User Interfaces, and it is in this area that the
Intelligent Data Management concepts of Campbell (1990) will
first be explored.
2.2

The Data and Data Access

The CDF concept was envisioned many years ago at the
National Space Science Data Center. It is based on providing
abstract support for a class of scientific data that can be
described by a multidimensional structure. Values for
different variables are correlated by specifying identical
record numbers and basic grid indices. CDF is data set
independent, . achievable through an internal format
containing its own data dictionary. (Treinish, 1989). A new
version of CDF written in "C" uses eXternal Data
Representation (XDR) to store files and offers hyperplane
random, aggregate access to subdimensional blocks within a
multidimensional variable. The predominant advantage for
NCDS is that new versions of CDF are compatible with earlier
versions, allowing the uninterrupted access to previously
created data sets.

Metadata

Since the inception of NCDS nearly a decade ago, the
Oracle commercial database package has been used to handle
NCDS metadata. NCDS has progressed from Oracle version
1.0 through version 6.0. The package has maintained its
compatibility over time and has proven flexible and powerful
for the purpose it serves.
Streamlining the access to data is the most essential
aspect of the database function. Previously, a user might
typically begin a query in Catalog for jnformation about data
that might or might not be held by NCDS. The user might then
move to the Inventory where it was necessary to respecify his
criteria in searching for data sets actually available in

2.4

Statistical and Visualization AppJications

Within NCDS, data in CDF can be manipulated through
many in-house software applications that provide subsetting
230

3.2

and listing capabilities.
CDF language bindings are
available for direct use of the Interactive Data Language (IDL)
package. IDL is a commercial data analysis software
package developed by Research Systems, Inc. and is
available through the Data Manipulation subsystem. In the
Graphics subsystem, the commercial software package,
Template, provides the plotting capabilities for CDF -histograms, x-y plots, contour plots and pseudoimages.
Globally gridded data can be mapped onto any of 22 map
projections. Twenty-nine device drivers are available, each
of which usually supports more than one device; ie., the TKl
driver supports an entire range of Tektronix terminals.
2.5

Data can be held by NCDS at various levels of support,
ranging from maintaining data offsite to maintaining entire
data sets online in CDF. Many factors determine the priority
for the level of support of any particular data set. Among the
factors are user demand and volume considerations. High
volume data sets primarily used by data set producers are not
good candidates for CDF support. Maintaining software to
read the data may be all that is required. Other popular,
reduced-volume data sets are excellent candidates for holding
data online on magnetic or optical disk, such as the recently
released International Satellite Cloud Climatology Project's
C-2 (monthly) data set.

System Confif,Nration Control

Properly defining a data set is critical to appropriate
implementation within a data management system. Data sets
should be defined at some level of equivalence. For example,
a relatively short field experiment can generate a
proliferation of small principal investigator-based data sets,
which could inundate the system. These should not be
retained in parallel with global long-term data sets but should
instead be identified with a specific project and then be further
subdivided based on their dimensionality and other factors.
For example, the First ISCCP Regional Experiment (FIRE)
data sets are held as either FIRE-Cl or FIRE-MS for the FIRE
Cirrus or FIRE Marine Stratocumulus portions of the
experiment. Further subdivisions are created for each
datatype. Several of these include:

The key to the maintenance and integrity of a complex
data system where additions and changes are continually
made lies in "Configuration Control." This task requires a
concentrated effort and strict adherence to procedures. The
inclusion of new peripheral devices, new versions of the
operating system, of the database software, of the user
interface, of the format on which the system is based (CDF),
and of other in-house or commercial applications packages
demands integration and subsequent testing. Installing new
data sets or reinstalling those for which original formats have
changed also requires recompiling, relinking, and
subsequent testing.
2.6

System Hardware and Peripherals

CEIWM
SABRE LIN
PSUWINDS

NCDS has recently moved its operations to a VAX 6410
after many years of working from an overloaded,
underpowered (1 MIP) VAX 11/780. Plans are to run the
database kernel on a dedicated back-end machine, freeing the
more powerful machine for other high CPU-intensive
functions. At every opportunity, code is being rewritten in "C"
for future portability to support its growing user base on a
variety of machines and workstationS: And, as new mass
store facilities and peripheral devices for supporting new
media become available, the staff plans to explore and assess
their utility for NCDS. CD~Roms and 8 mm tapes are being
used at the present time with varying levels of success.
3.

Leyel of Support and Definjtion of a Data Set

BAL_FSSP

for ceilometer data
for data from the Sabreliner aircraft
for winds from Penn State University's
profiler
for data from the Forward Scattering
Spectrometer Probe on a tethered balloon

Subdividing data sets into datatypes based on their
dimensionality is advantageous in that CDF requires fixed
dimensionality. Therefore, online CDF's are defined at the
datasetidatatype level, and the Data Access subsystem can
create CDF's from the secondary datatypes of fixed
dimensionality.

NCDS DATA MANAGEMENT
ISSUES AND PROGRESS

3.3

Global and Namjng Conyentjons

Agreeing on conventions within a data system is
essential -- from deciding which half of the world is positive or
negative in grid specification (or if the entire world is
positive) to deciding how to name data sets, datatypes,
variables, etc. Making decisions that are "right" for system
users requires a knowledge and understanding of the scope of
the system.

3.1 The Issues
A number of data management systems have succeeded
in fully supporting one data set. They are finely-tuned for a
specific data structure and handle that structure very
efficiently. Other management systems have proven to be
quite successful in comprehensive metadata management but
don't actually offer data other than offiine ordering capability
through their systems. Few systems exist that offer a broad
spectrum of data on a variety of media, along with statisti_cal
and visualization tools to manipulate those data within the
system. NASA's Climate Data System (NCDS) offers a full
range of capability; however, the system is often criticized for
its circuitous paths in locating and accessing data and for its
user interface. The system does lack several valuable
capabilities and has occasionally been plagued with painfully
slow access. These technological issues are being addressed
in the NCDS development version where testing and
experimentation take place and through planned hardware
upgrades. New versions of the system are released as
"operational" when testing is completed. Other issues must be
addressed at the data management level, including, for
example the types of data and the level at which they should be
supported.

Naming conventions can significantly influence the
ability of a user to locate data, and several rules should apply.
Several examples of these are given for NCDS. First, general
parameters to locate data in the database must never be
redundant. If more than one humidity parameter exists, a
user might query on relative humidity, find nothing, and
forego the search when a valuable data set exists that can be
located by choosing vapor pressure. An example of one
general parameter with multiple variables associated with it
is displayed. The variables are standard mnemonics
limited to eight characters by system configuration.
HUMIDITY (General Query Parameter)
Variable Mnemonic
HUMID_AB
HUMID_SP
HUMID_MR
HUMID_RH
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Description
Absolute Humidity
Specific Humidity
Mixing Ratio
Relative Humidity

HUMID_VP
RH_ICE
TMP_DP

Many users choose to acquire data from NCDS and then
move to their own systems for data analysis. Electronic
transfers of data are becoming more common and are
accomplished very conveniently through several networking
channels to a broad spectrum of machines. However, the 8
mm tape, holding up to two gigabytes of data, has outpaced
electronic transfer for high volume data transfer.

Vapor Pressure
Rel. Hurn. with respect to Ice
Dewpoint Temperature

A second example demonstrates another rule. Variable
mnemonics should begin with the key part of the variable with
qualifiers being appended. Pressure serves as a good
example:

3.5

PRESSURE (General Query Parameter)
Variable Mnemonic

Identifying data sets appropriate for inclusion in the
system is an exciting aspect of data management for the
scientists involved.
The cooperative efforts between
programmers and scientists to streamline the data set
implementation process have done much to improve the utility
of NCDS for users. After a data set is identified for CDF (or
Data Access) support, the scientist initiates the actual
implementation by defining the structure of the data set and
assuring conformance to naming conventions. With the
appropriate format documents, the programmer then assumes
the task of actual coding. The time required is dependent on
the complexity of the data set, the number of data types, the
number of variables, etc. In the words of one NCDS
programmer, data can often be converted to CDF as "one day
service". The programmer usually produces requested plots
of the data for review by the scientist. The scientist performs
additional testing and then presents the producer with NCDS
products and data listings for further verification.

Description

PRESCLDT
Cloud Top Pressure
PRES_LVL
Pressure Level
PRES_SFC
Surface Pressure
PRES_SLP
Sea Level Pressure
PRES_TRP
Tropospheric Pressure
A third example deals with naming data sets and data
types for use within the system. A twelve-character limit
applies to both names. Data set names associated with a
specific satellite and sensor should be used whenever possible.
(Eg. N7-SMMR for the Nimbus 7 satellite and the Scanning
Multichannel Microwave Radiometer sensor.) For data sets
analyzed from multiple satellites or sensors, the names
should reflect the organization or person associated with a
data set. (Eg. CAC-SST for Climate Analysis Center's Sea
Surface Temperature data set). Datatype names should
generally represent information concerning spatial or
temporal resolution, such as _monthly or _pentad.

The recent implementation of the ERBS-SAGE II data set
illustrates the standardization of the implementation process
and quality control cycle. The data were archived upon
receiving them at the National Space Science Data Center.
They were then ingested into the NCDS Inventory through an
automatic metadata loading program. After the initial input
from the scientist, Data Access coding was completed for the
water vapor and nitrogen dioxide profile datatypes. In-house
testing was completed, followed by producer verification,
whereupon the system was reconfigured to include two new
datatypes for this data set. These data can now be located,
accessed, and plotted through NCDS.

These are simply examples of rules initiated through
experience. Feedback from system users continues to prompt
the NCDS staff to standardize. As more data and additional
services are added, the need to simplify and clarify becomes
even more critical.
3.4

Data Set Implement,ation

Data Formats and Data Transfer

It has been recognized for some time that there will never ·
be convergence toward the use of one type of computer. The
scientific community is now coming to the realization that
there will never be one "standard format." The NCDS staff
possesses a great deal of experience in dealing with data
formats through the implementation of data sets in almost
every conceivable format, produced on a great variety of
machines. Many "standard" formats have been evaluated by
NCDS staff members. Several of these formats have their
strength in data compression, such as BUFR and GRIB
(ECMWF, 1989), while the strength of others lies in their easy
adaptation to applications. Recently, several new formats
have been offered to the scientific community that
functionally provide advantages similar to the Common Data
Format. Two of these are netCDF (Rew, 1990) and the
Hierarchical Data Format (HDF) (Krauskopf 1989). Along
with the new version of CDF, these formats permit an
improved level of communications within heterogenous
scientific environments and therefore are desirable
especially for distributed data rnanagment systems.

3.6

Creation ofYalue-added Data Sets

NCDS has begun to produce · value-added climatologies
and plans to increase the production of these value-added
climatologies from existing data sets of higher temporal and
spatial resolution. Many of these climatologies have been
requested by system users, while others are being created in
anticipation of their value to users.
4.0 DISCUSSION
The ultimate goal of data system management must be
that of providing the optimum evironrnent for researchers to
acquire data expediently and proceed with the research that
will help us understand the impact of our changing
environment. Evidence that researchers are acquiring the
data they need, benefitting from the concepts used within a
system (such as CDF), and making use of the software tools
provided should be the basis upon which data system utility is
assessed. Pinker (1990) provides evidence that NCDS was
instrumental in providing data, that the CDF concept was not
only used but extended, and that the graphics capabilities were
used directly to illustrate results. The real advantage of
maintaining an operational system is receiving the feedback
from the users. Learning under what circumstances the
system will be used and discovering the capabilities really
needed can only occur in an operational environment.
Certainly, other issues remain -- issues immediately relevant
and issues which must be addressed within the coming years
before much larger volumes of data are received.

The NCDS staff hopes to capitalize on the powerful
capabilities developed within other systems by providing
flexibility in converting from one format to another. Beyond
format conversions, plans are to explore "interoperability"
among systems. Two proven systems at Goddard -- GEMPAK
(desJardins, 1990) and SEAPAK (Firestone, et. al., 1990) are
excellent candidates to test the interoperability concept.
SEAPAK and GEMPAK offer excellent application packages
for satellite image display and for the display and analysis of
meterological data, respectively. The Ocean Color group at
Goddard already has experience using CDF. Through a
cooperative agreement, the NCDS staff prepares and transfers
data in CDF for researchers within the group.
232

5.

REFERENCES

McClain, C., J. Chen, M. Darzi, J. Firestone, D. Endres,
March 1989: SEAPAK User's Guide, NASA Technical
Memorandum 100728.

Campbell, W.J., N.M. Short, L.A Treinish, May/June 1989:
Adding Intelligence To Scientific Data Management,
Computers in Physics 3: 26-32.

NOAA, March 1988: U.S. Clicom System, National Climatic
Data Center, Global Climate Laboratory, Asheville, NC.

desJardins, M.L., K. Brill, R.A Peterson, 1990: NWP
Analysis with GEMPAK 5, Proc. Sixth Internat. Con{.
Interactive and Inform. Processing Systems for Meteor.
Oceanogr. and Hydro[., Amer. Meteor. Soc., Boston MA.

Olsen, L.M., October 1990: Data Availability Through NCDS,
NASA, Goddard Space Flight Center, Greenbelt, MD.
'

European Center for Medium Range Weather Forecasts, May
1988: Binary Data Representation, Shinfield Park, Reading,
Berkshire, England.

Pinker, R.T., 1990: Satellites and our understanding of the
surface
energy balance, Pal a e o geography,
Palaeoclimatology, Palaeooceanology (Global and Planetary
Change Section) 8: 321-342.

European Center for Medium Range Weather Forecasts,
February 1988:
Binary Universal Form for Data
Representation, Shinfield Park, Reading, Berkshire,
England.

Rew, R.K, January 1990: netCDF User's Guide - An Interface
for Data Access, Unidata Program Center, Boulder, CO.
Research Systems, Inc. November 1986: The Interactive Data
Language (IDL) User's Guide, Research Systems, Inc.

Firestone, J.K., G. Fu, M. Darzi and C.R. McClain, 1990:
NASA's SEAPAK software for oceangraphic data analysis:
An update, Proc. Sixth Internat. Con{. Interactive and
Inform. Processing Systems for Meteor. Oceanogr. and
Hydrol., p 260-266. Amer. Meteor. Soc., Boston MA

Treinish, Lloyd A, February 1990: The Role of Data
Management in Discipline-Independent Data Visualization,
Proceedings of the SPIE I SPSE Symposium on Electronic
Imaging Science & Tech.

Gough, M.L., Goucher, G.W., Treinish, L.A., August 1988:
NSSDC CDF Implementer's Guide (DEC VAXNMS), Goddard
Space Flight Center, Greenbelt, MD.

World Climate Programme, January 1990: Report of the
Expert Group on Global Baseline Datasets, Asheville, North
Carolina.

Krauskopf, T., November 1989:
NCSA HDF Calling
Interfaces and Utilities, University of Illinois Super
Computing Center, Champaign, IL.

World Climate Programme, April 1989: Clicom Project,
National Climatic Data Center, Global Climate Laboratory,
Asheville, NC.

233

4.10

STRATEGIES FOR
AUTOMATIC CONTENT-BASED CATALOGING OF SATELLITE IMAGES
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1.

numbers. The highest level description is a
complete characterization of the image in terms
of a particular viewer's context.
In satellite
image archive applications, the need to support
multi-discipline users rules out high-level
description. At the same time, current
difficulties in data access mandate some level
of image information sununarization. Automatic
content-based cataloging describes images at an
intermediate level, using generic attributes.

INTRODUCTION

Automatic content-based cataloging is a
data management approach designed for multidisciplinary access of archived satellite
images. Generic spectral and spatial attributes
are automatically extracted from images and then
cataloged alongside standard ancillary
attributes. Users define discipline-specific
parameters in terms of the generic attributes
and then construct database queries to uncover
important and previously unnoticed images. This
approach is applicable to both "raw" and
"product" images, whether newly captured or
previously archived.

Only one other known image data management
strategy follows this approach.
It is called
Intermediate Symbolic Representation (ISR) and
is described in Brolio et al (1989) . ISR has
been implemented and applied in the field of
computer vision.
Some features of its design
may be useful for an advanced automatic contentbased cataloging system.

A top-level design and operational concept for a
prototype automatic content-based cataloging
system was presented in Goldberg (1990) . This
paper extends that work to discuss strategies
for implementing an advanced automatic contentbased cataloging system. Specifically, it makes
reconunendations regarding information
sununarization, multi-context queries, and
visualization and browsing. Note that automatic
content-based cataloging is an approach to image
data management with potential application to
areas beyond satellite remote sensing, such as
library science and medical imaging.
2.

ISR uses homogeneous regions, edges, lines,
three-dimensional surface patches, and motion
information as generic attributes. Automatic
content-based cataloging will use a different
mix of attributes, selected from below. These
will be better suited to improving researchers'
access to remotely-sensed images in archives.
It is not known whether an optimal set of
generic attributes exists for human image
understanding.

IMAGE INFORMATION SUMMARIZATION
2.2

Generic image attributes are spectral
and spatial descriptors which sununarize image
information content but are not assigned a
discipline-specific context. The prototype
automatic content-based cataloging approach used
one generic spectral attribute and two generic
spatial attributes to sununarize image
information content.
The spectral attribute was
the spectral histogram. The spatial attributes
were the sizes and locations of connected
regions of pixels. These attributes were
selected for their applicability to satellite
image-based research and their practicality for
a proof-of-concept system. Many other generic
image attributes may have equal or greater
usefullness to automatic content-based
cataloging. This section provides background on
intermediate image description, identifies
archive data access requirements, and reconunends
candidate generic image attributes for an
advanced automatic content-based cataloging
system.
2.1

Data Access Requirements

Investigators that use archived digital
remotely-sensed images generally have at least
one of three basic goals: environmental and
natural resource monitoring, physical process
anaiysis and modeling, or sensor evaluation. An
automatic content-based cataloging system will
handle the following categories of data access
requests to support these investigations.
Type I: Requests for images based
on independent knowledge that an
interesting phenomenon occurred at a
particular location and time.
Type II: Requests for images likely
to contain, or lack, specific
remotely-sensed features or
phenomena.
Type III: Requests for "unusual"
images. These requests would be
based on the supposition that a
significant deviation from "normal"
conditions is interesting. The
deviation may mean that a known type
of phenomenon had been overlooked or

Intermediate Image Description

The lowest level description of a
digital image is a two-dimensional array of
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that a previously unknown phenomenon had been
discovered.

topology of individual regions, there are
descriptors of region spatial context and of
overall image spatial distribution.

Type IV: Requests for environmental
parameters contained in product
images.

The following attributes of individual regions
are recommended for advanced automatic contentbased cataloging. Note that in the prototype
approach, the "identical" pixels that comprise
regions were defined as pixels in the same
interval in the spectral histogram.
In an
advanced system, the notion of identical pixels
may be generalized.
In particular, pixels in
the same texture category may be considered to
be identical.

Type I requests can be satisfied by
existing satellite image catalog systems and do
not require the use of generic image attributes.
Type II requests require extraction of generic
attributes that can be highly correlated with
discipline-specific knowledge. Type III
requests are experimental in nature. They
require the extraction of generic attributes,
but high correlation between these parameters
and discipline-specific knowledge is not a
necessity. Successful Type IV requests depend
upon extraction of physical measurements from
images. With product images, measurements
useful to a large segment of the user community
are assured. With raw images, success depends
upon the same criteria as for Type II requests.
2.3

o

Region Size (by pixel count)

o Region Centroid (in latitude,
longitude)
o

Region Diameter

o Euler Number (a measure of the
extent to which a region has holes)

Recommended Generic Image Attributes
o

This section recommends candidate
generic image attributes based on their
suitability for supporting the four types of
data access requests identified above. The
success of generic image attributes in
supporting these requests is dependent upon the
extent to which they support accurate
classification of pixels and characterization of
the spatial properties of regions.

Descriptors of region spatial context
are also candidates for advanced automatic
content-based cataloging. They may be used to
help refine the classification of a feature or
to characterize the structure of features within
an image. Characterization of feature structure
is useful in two ways. First, it allows support
of spatial queries such as "Find all images
which have a region of type X within a specified
distance of a region of type Y." Second, it can
be used to encode the patterns within an image.
If these patterns are properly encoded, it is
possible that syntactical pattern recognition
techniques can be developed to find images whose
patterns are accepted by grammars corresponding
to "interesting" features.
The recommended
generic attributes of region spatial context
are:

2.3.1 Attributes Which Support Pixel
Classification
Pixel classification accuracy is assumed
in the use of product images. With raw images,
however, neither "ground truth" data nor the
images themselves are available to the user.
In
this case, as discussed in Swain (1986), the
user is restricted to performing unsupervised
clustering. This may be done by eye or
algorithmically. A clustering algorithm, such
as ISODATA, may also be run as part of the
content-based catalog generation process, with
cluster parameters stored as generic attributes.
Regardless of the way clusters are determined,
the user must ultimately make an educated guess
about the classification using disciplinespecific knowledge. The attributes recommended
to support this approach are:

o Identifiers of Neighboring
Regions (within a specified
distance, for each region)
o Distance to Neighboring Region
Centroids
o

o Number of Occurrences of a Given
Type of Neighboring Region

o Multi-dimensional Spectral
Histogram, or "Scattergram" (for
multi-band images)
Spectral Mean(s)

o

Spectral Standard Deviation(s)

o

Texture Categories

o

Cluster Centroids

o

Cluster Diameters

Number of Neighboring Regions

o Number of Different Types of
Neighboring Region

o One-dimensional Spectral
Histogram (for single-band images)

o

Region Fractal Dimension

The distribution of spatial frequencies
within an image summarizes the relative
occurrence of potentially interesting patterns
such as lines, edges, and large homogeneous
regions.
The following attributes are
recommended.

3.
2.3.2 Attributes Which Support Region
Characterization

o

Spatial Fourier Distribution

o

Spatial Power Spectrum

MULTI-CONTEXT QUERIES

Figure 1 illustrates multi-context
querying in an automatic content-based
cataloging system. Each user will be
responsible for associating generic attributes
with specific physical parameters or phenomena.

There are several approaches to
characterizing regions in an image.
In addition
to measures of the location, size, shape, and
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returned attributes will be immediately usable.
For raw images, the user will be responsible for
interpreting the returned attributes.
The second kind of query may be
represented as follows:
FIND (IMAGE ID) FOR (SATELLITE,
SENSOR, £(attributes))
where:
IMAGE ID contains sufficient
information to direct the user to
the volume and file number of the
data set, and
£(attributes) is the user's
description, in terms of generic
attributes, of a desired feature,
phenomenon, or condition

Figure 1
For example, a user might choose to associate
the physical phenomenon "large clouds" with the
description "connected regions larger than 5,000
square kilometers, where the pixel values are in
the interval 200 to 255". Note that users of an
automatic content-based cataloging system must
be knowledgable about the satellite mission and
data. They should read data catalog
documentation and consult data services
specialists when needed.

This type of query is used for Type II
and Type III requests. The expression
£(attributes) may be quite complex. The front
end utility will be developed to help the user
to construct £(attributes) and to translate the
resultant query into a DBMS query.
3.1.1 Construction of £(attributes)
The function £(attributes) is a transformation
from generic attributes to the user's
application domain.
It can be constructed using
a Boolean expression composed of "properties".
A property has the basic form shown below. A
property may also be defined recursively as a
Boolean expression of properties.

Queries are intended to be expressed in
a Data Base Management System (DBMS) query
language. However, two enhancements to the
prototype design are recommended. The first is
a front end utility to assist users in building
descriptions of features or phenomena using
generic attributes. The second is a fuzzy logic
capability to assist the system in adapting to
types of queries that are insufficiently
designed into the system.
3.1

PROPERTY

User Front End

ATTR or DIST(a,b)

RELATION

VALUE

where

The system will support two basic types
of query;
"Given an image, what are its
attributes?" and "Given a combination of
attributes, which images have them?".

ATTR is the name of a single-valued
generic attribute.
In the case of
multi-valued attributes, such as the
spectral histogram or the spatial
Fourier distribution, ATTR must be
subscripted to specify one element
in the array.

The first kind of query may be
represented as follows:

DIST(a,b) is the distance in
kilometers between points a and b.
Point locations are expressed in
latitude and longitude.

FIND (attribute list) FOR
(SATELLITE, SENSOR, IMAGE( ), BAND)
where:

RELATION is either EQ, LE, LT, GT,
GE, or NE

(attribute list) is a subset of the
generic attributes that were
cataloged for the specified type of
image,

VALUE is a single value
An example of property definition
follows:

IMAGE(
is an array of attributes
that identifies the capture date,
time, and location of the desired
image(s), and

Suppose the user wishes to find images
with cloud-free study sites. The study site is
in central North America, centered at (lOOW,
40N) with a radius of 1000 kilometers. The user
wishes to find images captured at 22:00 GMT
which were cloud-free for that area. The
satellite sensor is the Geostationary
Operational Environmental Satellite (GOES)
Visible and Infrared Spin Scan Radiometer
(VISSR) Atmospheric Sounder (VAS) . Band 1 is
the visible band.
The user's definition of

BAND selects a single band if the
image was multi-band
This type of query is used for Type IV
requests.
It is relatively easy to construct
because it requires only simple enumeration of
desired attributes. For product images, the
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the data.

"non-cloudy" is visible radiance less than 100.
The user's strategy is to search for images with
a large non-cloudy region whose center is within
100 kilometers of lOOW, 40N. The query may be
constructed as follows:

In practice, a capability to track the success
of user classification schemes would probably be
part of the · user front end utility. A program
could add a record to a history file each time a
user associated a discipline-specific
classification with a generic description. The
record would have one field for each of the
intervals in the one-dimensional spectral
histogram or for each of the clusters in the
multi-dimensional histogram. The field would
contain the user's interpretation of the
associated interval or cluster. Success in
classification could be assessed through
feedback from users and through comparison with
ground truth and other sources of data. Note
that collection of this data would have the
important incidental effect of surmnarizing the
utility of satellite data to the user cormnunity.

TIMEOK = IMAGE CREATION TIME EQ 2200
NOCLOUDS
BAND EQ 1 .AND. INTERVAL
LT 100
SITESIZE
REGION RADIUS GT 1000
CENTERED
DIST(REGION CENTROID,
(lOOW, 40N)) LT 100
GOODSITE = TIMEOK .AND. NOCLOUDS.
AND. SIZE1000 .AND. CENTERED
FIND (IMAGE ID) FOR (GOES, VAS,
GOODSITE) -

4.0

Note that property definitions can be stored for
later use.

In response to the two basic types of
query, the user of the prototype content-based
cataloging system will get answers in two basic
forms:
either a printout of selected generic
attributes or a list of identification numbers
corresponding to potentially useful images.
It
is recormnended that an advanced automatic
content-based cataloging system improve on the
presentation of these two types of information
through the integration of visualization and
browsing capabilities, respectively.

3.1.2 Query Translation
Translation of the user's query into
DBMS query language will also be performed by
the user front end utility. Using a simple
parser, the description contained in
£(attributes) can be decomposed into its
component properties. Property definitions will
use DBMS language constructs wherever possible
and should be directly usable in DBMS queries.
The major exception may be the DIST function,
which is not normally available in DBMS's.
If a
DBMS with an efficient spatial search capability
cannot be identified, a Spatial Data Base must
be developed and the DBMS will call special
purpose subprograms to search it.
3.2

VISUALIZATION AND BROWSING

4.1

Visualization

A function for the visualization of
generic attributes should include the following
capabilities:
o Graphic display of one, two, and
three dimensional histograms

Fuzzy Logic Capability

It is the nature of geographic data
bases to have locational inexactness and
uncertain classification. In other words, they
have "fuzzy data". The data base in an
automatic content-based cataloging system is an
extreme example.
It has large locational errors
due to the difficulties inherent in registration
of satellite imagery and it has, by design,
completely undetermined classification. This
situation fits the fuzzy schema/fuzzy data model
of a geographic data base described in Robinson
and Strahler (1984) . The paper argues that
rather than rejecting fuzzy geographic data or
attempting to transform them into more exact
data, they should be kept fuzzy.
By using
concepts of "fuzzy logic", false assumptions
about locational accuracy and biases from ~
priori data classification are avoided.

o Display of region attributes on
geopolitical basemaps in all
standard projections
o Animation of time-series data,
including physical parameter fields
and region growth, shrinkage, and
motion
4.2

Browsing

In response to a request for potentially
useful information, an automated content-based
cataloging system might identify tens to
hundreds of candidate images.
It is recormnended
that a low resolution visual browse capability
be implemented to help users narrow the search
further. Write Once Read Many (WORM) optical
disc technology, either digital or video, can be
used to record copies of all new images as they
are being captured and to selectively record old
images. Copies of master discs can be made at
relatively low cost and distributed to all
interested users.
Images can be indexed by
image identifiers specifying satellite, sensor,
date, time, and location.

The basic way to apply fuzzy logic to
geographic data management is to incorporate a
measure of reliability called the "membership
value" (u) into the data base. The membership
value is a weighting factor which is used to
indicate the grade of membership of a pixel in a
given set.
It is recormnended to incorporate u's into the
data base of an automatic content-based
cataloging system. This can be done by
implementing a capability to track the relative
success of users' classification schemes over
time. The u's can then be determined
empirically and added to the data base to help
users to optimize discipline-specific queries
without comprising the generality of the rest of

5.0

CONCLUSION

This paper has proposed improvements to
the range, adaptability, and user-friendliness
of the prototype automatic content-based
cataloging approach. The recommended features
are intended to be tested and evaluated by users
before being integrated into a prototype system.
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1.

INTRODUCTION
products provide information of a non-local nature
which is then used as part of a classification which
operates on local regions (i.e. pixels). Low level vision
algorithms for image data and an extrapolation method
for point sensor data are described.

Neural networks are appropriate for meteorological
classification tasks for a number of reasons. First, their
associative properties allow graceful degradation of
performance under conditions of ambiguity and noise,
thus avoiding the brittle behavior uf many standard
approaches. Second, they learn to perform tasks which
cannot easily be specified analytically. This allows
improved performance in perception tasks and easy
retargeting of systems to additional domains. Finally,
they can be executed in real-time on appropriate
hardware. To exploit these properties, we are developing
a general approach to meteorological classification based
on neural network data fusion. The system is initially
being applied to cloud type identification from satellite
iil!.agery and correlated ground sensors. However, the
system can easily be retrained to perform a range of
other meteorological identification tasks such as the
identification of hurricanes, thunderstorm outflow
boundaries, etc. A number of promising preliminary
results are presented, 1.ncluding a demonstration of
graceful degradation of classification performance over
large shifts of sun angle and terrain. These results point
to the applicability of neural networks for automated
generation of meteorological products in real-time.

2.1 Region Segmentation
The Boundary Contour System (BCS) and Feature
Contour System (FCS) models [2,3] are based primarily
on psychophysical data on perceptual illusions under the
rationale that a model that not only reproduces the functionality but also the failure modes of a system reflects
a deeper commonality of architecture. The BCS/FCS
combination explains a large body of psychophysical
data, and the elements of the model correspond closely
to neurophysiological data about the visual cortex.
Efficient versions of the BCS and FCS have been
implemented for the purpose of reliably determining
coherent regions in images corresponding to
meteorological phenomena. The BCS determines
boundaries and the FCS constructs regions from them.
The regions then provide morphology information to the
classifier. In the near future, the representation will be

The research vehicle is a system called the DAT A
FUNNEL (DATA Eusion !Ising Neural NEtwork
Leaming). The system architecture is shown in Figure 1.
Heterogeneous sensor streams including point sensor
data and/or image data are fed into the system. A lowlevel vision system based on a number of biologically
plausible theories operating across all image input
channels produces a range of non-local products which
augment the local training data for the neural network
classifier stage. Point sensor data is extrapolated in two
dimensions to match the image data. Supervised learning
is used to train the classifiers. To allow the inclusion of
meteorological heuristics, a knowledge based system
controls the performance elements of the classification
system. Cross-channel classification performance is
measured by comparisons with human classifications of
untrained data sets.
2.

Cross-Channel
Classification
Stream

~

Cross-channel
Classification

Point Sensor
Streams

PREPROCESSING STEPS

Other Image
Streams

Visual Image
Streams

Figure 1: DATA FUNNEL Architecture

Feature vectors for classification are constructed by
appending actual data with derived products generated
via a number of preprocessing steps. The derived
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extended to provide shape information.
2.2 BCS Implementation
On-center Off-surround Processing: The first stage of
processing in the visual pathway is the on-center offsurround receptive field response of the ganglion cells of
the retina. Marr [5] shows that such a filter closely
approximates the spatial second derivative operation.
This was simulated using a convolving filter constructed
of a difference of two Gaussian filters. The product of
this filtering serves as the input to both the BCS and PCS
systems.
Oriented Edge Detection: In our simulations we
constructed convolving filters from the difference of two
Gaussians of equal dimensions but with offset centers.
We used six oriented filters: separation of the imagery
into distinct orientation channels allows orientationspecific processing to be performed on each channel
separately before the information is then recombined
into a multi-orientation representation. This is an
essential aspect of the algorithm which allows for certain
powerful operations which could not be performed on
the image as a whole.

Figure 2: Cloud image.

First Competitive Stage: An edge enhancement
operation is performed on each orientation plane.
Second Competitive Stage: The next step in the model is
a second competitive stage wherein competition among
all orientation channels occurs at each spatial location.
Oriented Cooperation: A cooperative operation is
performed in each orientation channel to complete
broken or incomplete edges. An oriented two-armed
filter is convolved with each orientation plane, and a
conjunction operation between the two arms produces a
response in the filter only while it is straddled between
aligned points. The family of cooperative filters is
described by the following equation:
F

(r)

=
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Figure 3: BCS-processed cloud image

p

cos(latan( x)I - r)
(1)

where p(r)x,y is the filter value at x,y for orientation r, p
=0.5, andP=9.
Feedback Loop: The images generated via the oriented
filtering are recombined to close a large feedback loop.
This feedback allows the results of the oriented
cooperation to contribute to the oriented competition of
the second competitive stage to perhaps shift the
emphasis between oriented responses where appropriate.

A BCS processed image and the resulting blobsegmentation are illustrated in figures 2-4.
'2.3

FCS Implementation

Figure 4: Blob-segmented cloud image

The region filling-in function of the Feature Contour
System begins with the same on-center off-surround
ganglion cell image used by the BCS. The PCS allows
color to diffuse freely in all directions within a region
until it reaches strong boundaries developed by the BCS
and exhibits properties observed in psychophysical data.
In our system, the PCS is run at a number of spatial

scales, providing morphology infomation to the
classification system. The multi-spatial scale results for
the image of Figure 8 appear in Figure 5.
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Figure 6: Envelope of responses of 2D Gabor
transforms for region A data of figure 8.

Figure 5: FCS-Derived Multi-scale Images for region A
data of figure 8.
2.4

of the 2D Gabor family in terms of the space-domain
impulse response function G(x,y):

2D Gabor Transform

The two dimensional Gabor transform introduced by
Daugman [1] is an efficient conjoint Spatial/Spectral 2D
information encoding. The 2D Gabor forms a nonorthogonal basis 1 which can be used for image coding.
In addition, it has been shown to be useful for texture
segmentation of imagery. Its characteristics model
observed behavior of simple cells in mammalian optical
cortex. Equation 2 specifies the general functional form

G(x,y)=e-1t((x-xo)2a.2 + (y-yo)2J32)

x e-27ti(u0(x-xo) + v0(y-yo))
(2)

where (x,y) are position parameters and (u,v) are
modulation parameters. A family of self-similar 2D
Gabor wavelets were used for spatial frequency analyses
which are combined by the feed-forward classifier
network to form texture detectors. Six spatial
frequencies spaced by half octaves were detected via 2D
Gabor wavelets. Each spatial frequency was represented
by a quadrature phase pair in six orientations. The

1Gabors can form a quasi-orthogonal basis with appropriate spacing.
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locality preserving nature of the 2D Gabor has been
particularly useful for increased accuracy in texture
detection. Figure 6 shows the envelope of the combined
responses of six orientations of the 2D Gabor transforms
at three spatial frequencies for Figure 8. Spatial
frequency increases from bottom to top.

3.

The preliminary experiments reported here do not
include Mesonet data, but they illustrate the type of
results obtained in our ongoing work which uses the
Mesonet data. These experiments demonstrate that
neural network classifier performance gracefully
degrades as conditions vary from those present in the
training set.

2.5 Point Sensor Inter_polation
The PROFS Mesonet ground sensor network consists of
22 stations reporting temperature, barometric pressure,
wind azimuth, wind speed, solar radiation (horizontal
and 40 degree), dew point and precipitation. A program
was written to extrapolate the sensor data to any point
corresponding to a pixel in the satellite image of the
region. The resulting set of 8 pseudo-images is used to
augment the feature vector provided to the neural
network classifier. A distance weighting function was
defined as

The three outputs of the feedforward classifier networks
corresponded to the classifications high Cirrus, any other
cloud type and no cloud2, which subsumes all ground
terrains. These classes correspond, respectively, to the
colors White, Black and Grey in figures 8 - 11. All were
trained using an enhanced backpropagation algorithm.
Training vectors consisted of feature vectors comprising
the original multi-spectral data, multi-spectral
preprocessing products and domain classifications. The
region data discussed here was obtained by sampling
128 x 128 image segments from a single 512 x 512
image taken at 1630 GMT on June 8, 1986. We collected
and identified 3800 data samples from region A
(Northern Florida, see Figure 8) which includes both
ocean, coastal and inland regions. We also collected and
identified 3600 data samples from region B
(Illinois/Wisconsin, not shown). which included portions
of the Great Lakes and the Midwest.

(3)

where d

2

2

= L1x + L1y

2

is the squared distance between

two image points (in pixel coordinates), and d 0 is a
normalizing value. The interpolation formula for the
point (x,y) was chosen as
~ v .f.(x,y)
~I I

A neural network classifier was trained using the
combined 7400 data samples collected from regions A
and B, thus combining data from regions with disparate
sun angle, temperatures and terrain. The resulting
"generalized" classifier was still able to classify well,
pointing to the ability to use single classifiers under
conditions of highly variable data. Figure 9 shows the
response of the combined classifier over the complete
data for region A. Its response over the complete data
for region B had similar characteristics. Finally, Figure
11 shows its response over data for a completely new
region centered over Kansas (see Figure 10). Despite
the fact that Kansas is quite different in both terrain and
sun angle, the generalized classifier performs reasonably
well.

i
v(x,y)= - - - - I,t.(x,y)
i

I

INITIAL CLASSIFICATION EXPERIMENTS

(4)

where v represents a particular data channel (e.g.
temperature), and Vi is the value reported by the i-th
station. The weights fi{x,y) must be defined in terms of
the $(x - xi,y- yi) so as to reduce to 1 when (x,y)
coincides with the location (xi,Yi) of the i-th station, and
0 for the locations of each of the other stations, so that
v(x,y) at these points will equal the value reported by that
station. The pseudo-image created for 40 degree solar
radiation at 00:30 on June 3, 1989 is shown in figure 7.
The superimposed white marks indicate the mesonet
station locations. We intend to improve this model via
the incorporation of a terrain database in the future.

4.

DISCUSSION

The experiments described showed reasonably good
classification performance. There was no attempt to
determine optimal performance by adding hidden units,
altering learning parameters, etc., because of the
preliminary nature of these experiments. Good
generalization was demonstrated across a wide range of
terrain and sun angles. The range of conditions over
which a classifier can work accurately is yet to be
determined. What is known, is that performance falls off
when the system experiences changes more radical than
those for which it was trained.
An additional
classification experiment using the third land-based
classifier mentioned above for Region C (Atlantic
2This particular classification scheme was chosen because the authors (who are
not meteorologists) could only reliably discriminate high Cirrus. Experiments
using a trained meteorologist's classifications will commence with the arrival of a
more complete data set.

Figure 7: Mesonet Pseudo-image.
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Figure 10: Region D image

Figure 8: Region A image

Figure 11: Region D classification

Figure 9: Region A classification

[2] Grossberg, S. & E. Mingolla (1985).
Neural
Dynamics of Perceptual Grouping: Textures,
Boundaries, and Emergent Segmentations. Perception
& Psychophysics 38 (2), 141-171.

Ocean, off the coast of Georgia) did not work well,
because the ocean background significantly lowered the
infra-red temperatures of lower clouds making them
appear to be at a higher altitude than they were. This
points to the need for a family of classifiers specialized
for various surface types and regions at various times of
the day and year. Furthermore, because nature is as
complex as it is, there will probably be a need for
exception case classifiers for particular regions and
conditions. Thus it is clear that a scheme to manage the
family of classifiers is necessary. In the DAT A
FUNNEL, the Knowledge-based Control Module is the
repository for such control and is implemented using
Gating Networks [4]. In addition, we plan to incorporate
domain heuristics into the control as shown in
NEUROGAMMON [6]. These heuristics will be used to
encode meteorologists' methods for classification under
ambiguous conditions.
5.

[3] Grossberg, S. & D. Todorovic (1988). Neural
Dynamics of 2-D and 1-D Brightness Perception.
Perception and Psychophysics 43, 241-277. Reprinted in
Stephen Grossberg (Ed.) (1988), Neural Networks and
Natural Intelligence, Chapter 3. Cambridge, MA: MIT
Press
[4] Jacobs, R. A. (1988). Initial Experiments on
Constructing Domains of Expertise and Hierarchies in
Connectionist Systems. Proceedings of the 1988
Connectionist Models Summer School, pp. 144-153. San
Mateo, CA: Morgan Kaufmann.
[5] Marr, D. (1982). Vision, Freeman & Co.
[6] Tesauro, G. & Sejnowski, T. J. (1989). A Parallel
Network that Learns to Play Backgammon. Artificial
Intelligence 39, pp. 357-390.
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4.13
CLOUD INFORMATION REFERENCE LIBRARY AND ARCHIVE (CIRLA)
Warren Spaeth, Steven Painter, Paul Try, and Will Maunz
Science and Technology Corporation
Hampton, Virginia
1. INTRODUCTION

personal computer (PC) or work station system
through the OMNET system. The data in CIRLA are
handled within a commercial relational data base,
Paradox. Paradox allows the CIRLA database
manager to easily process and update records for
the OMNET data boards. The OMNET database system
provides
a
straightforward
and
easy
user
interface to CIRLA.

The increased sophistication of military
systems, sensors, and tactics continues to stress
the ability of the environmental community to
respond with accurate, useful, and economical
input. The needs of the systems development and
tactical communities require environmental data,
models, simulations, and analyses which support
the enhanced operation of these systems and
assure realism for ' tactical and strategic
planning.
The need for environmental data and
information also comes with a
concomitant
requirement for quick turnaround of the request
for data.
These two requirements can only be
satisfied by tailored environmental data and
information previously obtained.
The Cloud
Information Reference Library and Archive (CIRLA)
responds to the latter requirement for rapid
access to environmental data and information by
the user communities within the Department of
Defense (DOD).
CIRLA provides a reference
archive containing information on cloud and
cloud-related environmental data of the type
required by scientists, engineers and planners of
the
DOD
systems
development
and
tactical
communities. Further, the initiation of CIRLA at
this time responds to the recent emphasis on
increasing the
transfer of environmental data
and information from DOD to the civilian
scientific/engineering communities.

3.

The data and information resident in CIRLA
consists of files describing cloud databases,
models/simulations, algorithms, summaries, and
selected references. Each library file contains
a
complete description of the information
availability, its location, format, accessibility
and, where possible, a sample data set. The user
can contact the holder directly to obtain the
desired data. Figure 1 is an example of a CIRLA
file record. From a user perspective, CIRLA is
a reference archive for data about clouds
applicable to system and sensor development,
tactical wargaming and strategic planning, and
the broad set of civilian applications; i.e.,
shuttle reentry, climate change, etc.
Thus, a
user can tap the broad and extensive knowledge
base of the scientific community for specific
science,
engineering,
or
system
analysis
applications.
Title:

The development of the CIRLA consists of six
phases:
location,
organization,
evaluation,
archival, distribution, and update of the cloud
data and information. The first phase was
initiated in 1989 and the initial data set was
placed on-line in late 1990. Using the OMNET
SCIENCEnet System with a menu-driven databoard
and a public mailbox, CIRLA is available now for
free access by any interested scientist or
engineer. This development is being sponsored by
the Geophysics Laboratory of the Air Force
Systems Command primarily to provide the cloud
data needed by system analysts and developers for
analyses, simulations and models for integration
into system and sensor design to enhance overall
system performance and operability.

Description:

Format:
Access:
Application:
Status:

CIRLA Updated:
POC Name:
Address

CIRLA does not hold data explicitly, but
connects
those
who
require
cloud
and
cloud-related data with those who hold the data,
in effect becoming a facilitator for information
transfer.
The importance of the ability to
transfer information through electronic media is
a key to meeting the rapid response requirements.
CIRLA should benefit both civilian and military
communities by restricting duplicate or redundant
research through the information archive targeted
for DOD applications, but with wide applicability
to many civilian interests, including global
climate change.
2.

INFORMATION CONTENT

Analysis Data Base: 3DNEPH (3- Dimensional Nephanalysis).
Consists of cloud information compiled
from conventional surf ace and upper-air
reports and satellite data. There are
15 fixed layers, the first 6 are from
0 - 3,500 ft AGL.
6250 bpi 9-track labeled 8-bit bytes,
EBCDIC/Binary format.
Contact USA:P/ETAC/OL-A.
Cloud studies and modelling. Sensor
. system development. Wargaming and
algorithm development.
Record no longer being updated. Record
goes from 1973 to 1983 for the Northern
Hemisphere, 1977 to 1983 for Southern
Hemisphere.
7/09/90
Phone Number: (704) 259-0216
Mr. Patrick W. Giese
U.S. Air Force Environmental Technical
Applications Center, OL-A/DBT, Federal
Building, Asheville NC 28801-2723

Co-Contributor:
Sample Data Set :
Remarks:

Fig. 1.

Sample File Record

CIRLA is intended to be broadly based in the
sense that any useful data or information
pertaining to an activity within the troposphere
and stratospqere will be cited.
This includes
quantitative
data
on
clouds
and
related
meteorological parameters as well as derived
environmental models that could be used within
a systems analysis methodology or other research.
Further, specific data and information about how
the atmosphere affects electro-magnetic and
electro-optic transmission will be sought to
include in CIRLA.
Finally, combinations of
scientific and system models that apply to

DESIGN OF CIRLA

CIRLA incorporates state-of-the-art and
commercial software to implement the compilation
and on-line aspects of the computer-based
reference library for cloud and cloud-related
data and information. CIRLA is available to any

1
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particular DOD mission areas or systems are also
included within CIRLA. It is estimated that over
1,000 entries could become a part of the
information base of CIRLA, given the wide
description of the type of data needed from a
user perspective and the extensive information
available from the atmospheric community.
4.

Cloud Information Reference Library
-------and Archive
------A service of the U.S. Air Force Geophysics Laboratory
(GL[AFSC]}
Managed by Science and Technology Corporation

OPERATION AND ACCESS

Introduction ••••••••••••••••••••••• 1
Models /Simulations ••••••••••••••••• 2
Data Bases ••••••••••••••••••••••••• 3
Algorithms ••••••••••••••••••••••••• 4
Summaries •••••••••••••••••••••••••• 5
Selected Referencea •••••••••••••••• 6
Announcements & Meetinga ••••••••••• 7
Recent Additions ••••••••••••••••••• 8
Send a Message/Co111111ent to CIRLA •••• 9
Quit •••••••••.••••••••••••••••••••• Q

The operation of CIRLA is through a standard
electronic media network system, OMNET, where the
user can access CIRLA by modem using the name
CLOUD.INFO.
CIRLA resides on a series of data
boards within OMNET to cover the various types of
data.
Individuals not on the OMNET system are
able to have free access to CIRLA .through a
public OMNET mailbox using their computer
communications
systems.
Procedures
for
contacting CIRLA will be forthcoming. Classified
information may be referenced by using an
unclassified entry, allowing the data to be
forwarded separately by appropriate means. CIRLA
is
being maintained
and
operated by
the
government for all authorized users, and does not
have a time-use or subscription fee. A key part
of CIRLA is a bulletin board to link the cloud
community together and provide a forum for
discussion and the announcement of meetings and
events of interest.

Your choice - 2
Models/Simulations
Clouds •••••••••••.••••.•••••• 1
Meteorological ••••••••••••••• 2
Other •••••••••••••••••••••••• 3
Return to main menu ••••.••••• M
Your choice - l

The user is directed to each of the data
boards by a menu system that leads the user to
the records, which are sorted by specific areas.
For example, if the user is interested in data
bases, the next menu will allow the user to
designate the specific area, i.e., clouds,
meteorological, other. If the user is interested
in clouds, then the subsequent menu will narrow
down the specific area for which he wants to
review the available records. Additionally, the
user can provide feedback on the overall
operation of the system via the OMNET CIRLA
bulletin board.
Figure 2 is an example of the
menu sequence.
5.

•••••••••

Cloud Models/Simulation

--------

Law •••••••••••••.••••••••••••••••••• 1
Middle ••••••••••••••••••••••••••••• 2
High ••••••••••••••••••••••••••••••• 3
Stratospheric/Noctilucent •••••••••• 4
Structure •••••••••••••••••••••••••• 5
Cloud Free Line of Sight ••••••••.•• 6
Other •••••••••••••••••••••••••••..•• 7
Return to main menu •...•••••••••.•. R

Your choice - 6
[this leads to a scan table of files/records of
CFLOS models]

INFORMATION ACQUISITIONS AND UPDATES

Initial acquisition of information for CIRLA
has
been
accomplished
by
the
use
of
questionnaires sent to organizations that may
have data or information meeting the purpose of
CIRLA.
Responses have been screened and
follow-up conversations and some site visits have
been conducted.

Fig. 2.
6.

Example of Menu Sequence.

CONCLUSION

CIRLA matches the advantages of computer
based information technology with the growing
needs of a
large science and engineering
community of researchers and system developers to
provide rapid and efficient access to cloud and
cloud-related data and information. CIRLA is an
effective means for the DOD atmospheric community
to support user and sponsor communities in a way
that builds user confidence in the ability of the
environmental community to efficiently satisfy
user driven requirements.
In addition, this
capability is being extended to enable the
civilian community to benefit from access to DOD
cloud
research
data,
models,
and
related
information.

Updates and improvements to CIRLA are
ongoing with the assistance of user feedback
through the electronic message board, and user
comments can be recorded onto the individual file
archives.
A continuing search for useful data
and information is being conducted by the CIRLA
team.
Presentations are being made at both
scientific and DOD conferences to distribute
information about CIRLA and to solicit input.
Ultimately, CIRLA should become a community-wide
reference source and communication network for
those individuals responsible for or interested
in cloud and cloud-related issues relevant to
military and civilian research and development
activities.
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4.16

QUERY SCENARIOS FCR INTERDISCIPLINARY SCIENTISTS INTERFACING
WITH EOSDIS - A PROTOTYPING EXERCISE
G.D. Errmitt, S.A. Wood and E. Calvin
Sirrpson Weather Associates, Inc.
Charlottesville, Virginia
and
K. McDonald
NASA/Goddard Space Flight Center
Greenbelt, Maryland

1.

oceanographic, geologic, etc.) but also to the
biogeochemical, ecological and interdisciplinary
corrrrunities. These scientific products are to
be sufficiently well documented that they can be
used by investigators in any discipline without
requiring detailed knowledge of the sensor or of
electromagnetic interactions at the surface or in
the atrrosphere.

INTRODUCTict.J

EOSDIS (Earth Observing System's Data
Information System) promises the scientific
corrrrunity, at large, to reduce the time and
effort expended in finding, browsing, and
obtaining data needed to conduct their research.
One measure of success for EOSDIS will be how
well it works the first time a user logs on i.e., how many users try the system rrore than
once. A key to this success will be how well the
system guides the user to the rrost appropriate
data for his expressed needs. That, in turn,
depends upon the system's ability to interact
with a broad spectrum of users, their peculiar
jargons, thought patterns and decision criteria.

Given that the basic architecture and
functions of EOSDIS are currently being defined,
it follows from the above, that the
interdisciplinary investigator may irrpart certain
unique requirements on EOSDIS that need to be
clearly recognized and documented in order to
have an irrpact on the design of EOSDIS.

NASA is funding a prototyping effort
involving environmental research scientists at
the University of Virginia. The results of that
study are presented in terms of several data
acquisition scenarios that represent challenges
to object-oriented coding and other aspects of
the user-service interface for EOSDIS.
2.

3.

RATict.JALE

Crucial to the success of the Earth Observing
System is its Data and Information System
(EOSDIS). The goals of EOS depend not only on
its instruments and science investigations, but
also on its ability to help scientists integrate
reliable, large-scale data sets of geophysical
and biological measurements made from its
satellite data, and on its successful interactions
with other investigations in Earth System Science.
Current progress in the use of rerrote sensing for
science is harrpered by requirements that the
scientist understand in detail the instrument and
the electromagnetic properties of the surface, and
by the irrmaturity of some of the techniques for
estimating geophysical and biological variables
from rerrote sensing data. These shortcomings rrust
be transcended if rerrote sensing data are to be
used by a rruch wider population of scientists who
study environmental change at regional and global
scales.
What distinguishes EOSDIS from current
rerrote sensing data systems is the ccmnitment to
provide usable scientific information not only to
the geophysical disciplines (e.g., atrrosoheric,
246

DESCRIPTict.J OF PROTOTYPING ACTIVITY

Interdiciplinary researchers (Table 1) were
asked to construct research scenarios and then
invited to attend a workshop at the National
Space Science Data Center (NSSDC). At the
workshop, they were introduced to the NASA
Climate Data System (NCDS) and nine other data
systems that provide access to Earth science
data. The researchers were then asked to use
their scenarios to exercise the data systems in
ways that approximate that expected for EOSDIS.
These individual efforts were seen as primarily
incremental to research already underway.
However, in some instances, original research was
initiated during this prototyping.
Since the primary purpose of this activity
was to expose and characterize weaknesses in the
baseline EOSDIS architecture/functionality as
they related to the interdisciplinary user, the
following issues were identified for special
attention:
- browse and case study definitions
- integration of new data (new sensors)
with old or current data
- intergration of in situ data into
rerrote sensed data sets (or vice
versa)
- reconciliation of conflicting
geophysical observations
- data set error estimators.
- hardware corrpatibility, on-line help,
and ease of data acquisition.

experience of each researcher was then rronitored
and recorded by the study team.

To accarplish the objectives, the researchers
were asked to define one or rrore scenarios that
would be broad enough to adequately exercise a
data system and its interfaces with the original
data generators and its user coom..Jnity and yet
focussed enough to yield specific products and
recannendations to the EOSDIS project.

STEP 6 - EOSDIS Requirerrent Recarmendations
The study team is now taking the results of
the scenario construction and execution and is
surrmarizing the experiences of the participants
in a manner that can provide meaningful input to
the EOSDIS design.

The study was conducted as a series
of six activities, the last of which is a set of
recarmended changes or addendums to the EOSDIS
requirerrents. The six tasks were defined with
consultation between the University of Virginia
(UVa), Sirrpson Weather Associates (SWA), Langley
Research Center (LaRC), Goddard Space Flight
Center (GSFC) and EOSDIS project office.

TABLE 1

STEP 1 - Research Scenario Construction
(untutored)
Each participating scientist provided
detailed answers to questions generated by the
study managerrent. The questions were designed to
characterize the way each researcher currently
plans for his data needs and obtains those data.
No prarpting fran the study managerrent was offered
during the execution of Step 1.
STEP 2 - Data System Scenarios
Each of the first drafts of the research
scenarios were translated into data system
interface and use scenarios by the study team
members at SWA and GSFC. Special attention was
paid to the manner and jargon used by the
scientists in describing their data needs. The
system scenarios included identification of key
issues not addressed or recognized by the
researchers.

Research Topic

Researcher(s)

Coastal rrorphology

Dolan/Trossbach

Volcanic eruptions

Furman/Goodell/
Ingersoll/
Davenport

Satellite estimated rainfall

Garstang/Greco

Tracking oil spills

Goodell/Wei

Shrirrp population dynamics

Hayden/Wood

Desert dust transport

Howard/Groves

Sutnerged coastal vegetation

Kelly/Durden

Pacific sea surface temperatures Michaels/
and east coast cl i mate
StengerI
Knappenberger

STEP 3 - Revise Research Scenarios (tutored)
The study team then sat down with each
researcher and review his draft research scenarios
for data acquisition and helped him/her to
construct an "executable" scenario. Those
scenarios were then used to organize a two day
workshop for the researchers at GSFC (NSSDC).

Delmarva fox squirrel habitats

Porter

Leaf area index

Shugart/Carlson

Tropical rainforest rrodels

Shugart/
Weishampel

East African wildlife habitats

Shugart/Wallin

Carbon rronoxide transport

Garstang/Dowty

Cirrus climatologies

Enmitt/
Davenport

Environmental hazard data base

Enmitt/Calvin

Ground-based lidar/ERBE data
base overlays

Barkstran/
Enmitt

STEP 4 - Workshop for Prototyping Participants
As part of a cooperative study with Sirrpson
Weather Associates, the University of Virginia,
and Langley Research Center, the NSSDC hosted a
Pathfinder EOSDIS Data System Workshop on July 910th. The purpose of the workshop was to
introduce the team of investigators to existing
data systems that support Earth science data that
they might use in their ongoing research programs.
Ten data systems were derronstrated to the twentyei ght participants, including GSFC's Master
Directory, NASA Climate Data System (NCDS), and
Pi lot Land Data System (PLDS). Terminals were set
up for individual, hands-on sessions and the NSSDC
Data Systems Support Staff were available to
provide assistance as needed.

4.

RESULTS

Early results of the scenario responses
are shown in Table 2 for eight subjects related
to data acquisition. The activities are defined
as follows:

STEP 5 - Scenario Execution

HRDIJR
CMPTY

Hardware carpatibility. This
includes coom..Jnications, terminal
errKJlation and graphics support.

a.JUNE

Carputer help menus and user
assistance software.

HELP
Each researcher returned to his hare facility
to carry out the research data scenarios. ThE=!
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DATA
EXTNG

The existence of the user's desired
data described by corrputer system.
This includes the use of METADATA.

DATA
FOOND

Finding the user's desired data in
the carputer system.

DATA
AVLB

Accessing the user's desired data
fran the corrputer system.

DATA
BRWZ

The capability to browse a data set.
This includes data manipulation and
graphical capabilities.

DATA

Ordering of the data.

TABLE 2
EOSDIS PROTOTYPING ACTIVITIES

~

ffiDER

DATA
CRRT

The data ordered is what the user
wanted.

The responses of each researcher have been
ranked fran O for total failure to a value of 3
for no difficulty. We can conclude fran the
averages under each activity colurrn that current
browse capabilities and hardware carpatibilities
were the greatest irrpediments to finding and
selecting data for research.
Since the prototyping exercise is still ongoing, and not all participating scientists have
carpleted their research scenarios, any
conclusions at this time are preliminary.
5.

RSCH

1

RSCH

2

RSCH

3

RSCH

4

RSCH

5

RSCH

6

RSCH

7

RSCH

8

RSCH

9

RSCH

10

RSCH

11

RSCH

12

RSCH

13

RSCH

14

RSCH

15

AVG RSP

ACKNOn'LEl:X3EMENTS

C>PTY

CNLINE
HELP

DATA
EXTNG

FClHJ

1.67

2.54

2 . 46

2.82

0 = TOTAL FAILURE
1 = HIQ; DEffiEE a=· DIFFICULTY
2 = K:OERATE Al-OJNT CF DIFFICULTY
3 = i'O DIFFia.JLTY

This work has been funded under NASA
contract #NAS5-31180 fran Goddard Space Flight
Center.
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DATA

DATA
AVLB

2.09

RE~T

DATA
BRWZ

1 .00

Dl.TA
CRlEfl

rnRCT

DATA

3.00

0.00

AN OVERVIEW OF THE APPLICATION OF ARTIFICIAL INTELLIGENCE
APPROACHES FOR GEOGRAPHIC INFORMATION SYSTEMS
Donna J. Peuquet
The Pennsylvania State University
University Park, Pennsylvania

l.

OVERVIEW OF AI
they fail in real-world situations where there is typically an
extremely large volume of various types of information to
be examined. This approach is obviously not how the
human memory functions, and has proven impractical for
computerized databases even in situations where hardware
capacity can be assumed to be unlimited. An understanding
of non-exhaustive search techniques can help us to avoid
the 'combinatorial explosion' that swamps brute-force
attempts in many current applications of computing to
geographic problem-solving tasks. An understanding of
parallel approaches often used in AI can also aid in.·
situations where a very large number of data elements must
be examined.
In reasoning and learning, particularly with incomplete
and inexact information, inference is also a key issue.
Inference is the process of creating explicit representations
of information from implicit ones. It can be viewed as the
creation of knowledge itself. Deductive inference proceeds
from a set of assumptions called axioms to new statements
that are logically implied by the axioms. Inductive
inference typically starts with a set of facts, features or
observations, and it produces generalizations, descriptions
and rules which account for the given information and
which may have the power to predict new facts, features or
observations.
A number of new of programming techniques
developed within AI allow knowledge to be represented in
many forms: collections of logical assertions, heuristic
rules, procedures, statistical correlations, etc. The activity
of developing 'intelligent' computer systems employs
proven mathematical principles, empirical results of realworld observation, experience from previous
implementations and heuristic, pragmatic programming
techniques.

Artificial Intelligence is a broadly-defined field of study
.that encompasses computational techniques for performing
tasks that exhibit the characteristics we associate with
intelligence in human behavior - understanding language,
learning, reasoning, and solving problems. This includes a
wide range of applications that in some cases have become
sub-disciplines in their own right. Two of these that are
beginning to have significant impact in improving the data
handling capabilities and analytical power of computers for
handling earth-related data, particularly in a Geographic
Information Systems (GIS) context are Expert Systems and
Intelligent Database Systems.
An Expert System incorporates expertise drawn from
one or more human experts. This is coded as an organized
set of rules and is applied to stored information about a
given situation. By deriving decisions specified by the
rules, the computer can simulate the reasoning of human
experts given the same problem. Such systems have been
applied to monitoring, process control, interpretation,
prediction, fault or error detection, diagnosis and tutorial
functions.
Another area of application sometimes confused with
Expert Systems is what may be called Intelligent Database
System.S. These latter systems do not stress analytical
power. They instead emphasize the handling of large,
complex collections of data by utilizing information about
how the data are distributed as well as information about
the phenomena that are represented for performing
knowledge-guided (and therefore more efficient) search and
retrieval. Expert systems are also used for performing
integrity checks on the data.
It must be noted that these two types of systems are not
mutually exclusive. Both Expert Systems and Intelligent
Database Systems, of necessity imitate human processing to
some degree. Th!s is because human processing is
extremely efficient for many tasks and is also our most
convenient analog example. Both types of computerized
systems therefore rely on qualitative reasoning and
heuristics or 'rules-of-thumb' as basic strategies, as do
humans in everyday reasoning.
Overall, Artificial Intelligence is a technology of
information processing concerned with inexact and
incomplete knowledge, reasoning, learning and perception,
and with the development of programming tools for
implementing these capabilities in a computer context.
Much of AI is concerned with the design and understanding
of knowledge representation schemes.
How can knowledge be represented so that it (a) can be
easily used in reasoning, (b) can be easily examined and
updated, and (c) can be easily judged as relevant or
irrelevant to particular problems?
Search is a key issue. It is usually easy to invent
brute-force or exhaustive algorithms to solve problems, but

2.

THE APPLICATION OF AI TECHNIQUES IN GIS

AI can be used as both a practical and theoretical tool
with respect to tasks and processes that are specifically
earth-related. On the practical side, it offers strategies and
techniques for greatly increasing the types, size and
complexity of earth-science applications that can be
. economically handled in a GIS context. These strategies
and techniques offer a fresh approach for potentially
overcoming many limitations currently being experienced
with 'traditional' algorithmic and data representational
approaches. This is particularly pressing in the construction
and use of multiple-resolution geographic databases that
. incorporate many different types of data and are
simultaneously national or global in scope. Such database~
are currently under construction by many federal agencies,
worldwide, and are essential for examining current!)
recognized global environmental concerns, such as global
climate change. .
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In order to provide both the database management and
analytical C3;pabilities now required for these applications,
GIS technology must be able to provide all of the following
capabilities within a single environment:

allowing varying definitions for specific applications
contexts. Such knowledge can also be used as a selfchecking mechanism· to detect and potentially correct data
errors.
Non-exhaustive search procedures involve the use of
heuristics to greatly increase data retrieval speed by
eliminating large portions of the database from
consideration at an early stage of the search process. Such
procedures would also use higher-level knowledge to
effectively narrow down the problem's search space with
respect to: (1) data retrieved from the large geographic
database, and (2) activation of GIS operations on the data
retrieved.
The increasing complexity of data bases and the
broadening of analytical capabilities also imply that ease of
use must also become an increasingly important concern.
If a large, complex GIS is to be a useful analytical or
decision-making tool, it must represent and utilize
information in some manner that coincides with human
representations of space and human approaches to problemsolving. Development of a query language that incorporates
an algebra of spatial relationships would allow the system
to answer user queries concerning the relationships of
complex objects in a large landscape where the specific
query or application cannot be anticipated by (i.e., built
into) the system. This flexibility would not only greatly
extend the types of data and range of application a single
system could handle, it would extend the useful life of a
system for a given application as needs grow and change
over time.
The capacity to learn is the most powerful means of
dealing with imprecision and uncertainty. This allows a
system to provide answers in terms of 'confidence margins'
and to adapt to new kinds of queries and applications.
Nevertheless, very large, general-purpose GIS will certainly
require significant advances in all of the above areas.
In addition to these currently unmet needs in available
GIS technology, AI provides a powerful methodology for
extending current, mathematical models of earth-related
phenomena in a GIS context and for combining multiple
models that describe various scale-specific or data-typespecific components of a complex phenomenon. This
includes, for example, extending and establishing linkages
between various hydrologic models in the study of the
global water cycle. Another potential benefit is also the
infusion of techniques for developing models of processes
with natural/cultural interactions that cannot be expressed
in purely mathematical terms or that require an adaptive
solution.

1.) contain many layers of data of different types and

scales, where each layer itself may be very large,
2.) be capable of solving a large array of different
problems, some of which may not have been
anticipated by the systems designers as the system
grows and changes over time, and (of course),
3.) provide quick interactive response.
Currently available GIS technology falls far short of
these requirements, however.
Existing GIS require
operation on a predefined data ~et with 'built-in' objects
and relationships. This is a particular problem when
different people or applications have differing conceptual
'views' of the same phenomenon.
Continuing shortcomings of current GIS in the above
areas are related to three special characteristics of
geographic data. First, natural earth-related entities (e.g.,
lakes, ore bodies) tend to have convoluted and irregular
. boundaries. They thus do not lend themselves to compact
definition and quickly become extremely large. Second,
spatial relationships between entities tend to be imprecise
and application-specific, and the number of possible spatial
interrelationships is very large. Third, the definitions of
these objects tend to be inexact and context-dependant (e.g.,
State College, PA may be a city to some to live there, but
not to most others). This also means that definitions of
objects can change over time with changing applications.
In order to most effectively deal with these
characteristics, the following facilities seem essential in any
large, multi-purpose GIS:
1.) a highly flexible, robust and efficient method for

data representation that can deal with inexactness,
2.) non-exhaustive database search procedures,
3.) automatic error-checking and evaluation of data
quality,
4.) a robust set of spatial operators that can handle
inexactness and an algebra for combining them in
complex ways to provide flexible and efficient
retrieval for ad-hoe queries, and

3.
5.) the capacity to automatically acquire and store
additional information derived through responding
to user queries (i.e., to learn).

EXAMPLES OF AI TECHNIQUES
GEOGRAPHIC APPLICATIONS

FOR

3.1 Expert Systems

In order to deal with inexact and varying entity
definitions and relationships, higher-level knowledge
concerning the entities being represented and the
relationships between them needs to be built into the
database. Such knowledge would be used to make
'judgement calls' for specific cases. This would obviate the
current need to insert artificial precision into the data. It
would allow a more natural data representation while

There have been many recent applications within the
computerized spatial data handling context Most of these ,
are Expert Systems which were intended for aiding specific
aspects of decision support in planning or natural resource
management/utilization or for specific aspects of
cartographic design. All of these applications seem to have
characteristics that Expert Systems technology is
specifically geared to handle in that most of the information
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is incomplete and uncertain, the available information is
qualitative in nature, the processes involved cannot be
easily expressed in a completely deterministic or
quantitative manner, and new information needs to be easily
updated as understanding grows.
Expert Systems for geographic applications historically
were most often modifications or extensions of pre-existing
systems that were initially designed and implemented for a
More recently, Expert
different type of application.
Systems for geographic applications have been built
utilizing general-purpose Expert System 'shells'. These
'shells' are commercially available packages that offer the
same approach to a much wider community. They often
represent successful Expert Systems with the original data
and rule base removed but with the query language, data
and rule input mechanisms and the reasoning mechanisms
intact.
The first Expert System of geographic relevance was
PROSPECTOR. This early Expert System was designed to
evaluate different locations in terms of their potential for
mineral exploitation (Reboh, 1981). PROSPECTOR did
demonstrate modest success in predicting the location of ore
deposits, although the method employed for storing and
reasoning with the knowledge, base was not very
sophisticated.
This initial success has led to the
qevelopment of much more sophisticated systems for
similar applications, such as the Dipmeter Advisor (Smith
& ·Young, 1984). It is unfortunate from an academic point
of view that the most advanced and successful of systems
for this type of application are for obvious reasons viewed
as highly proprietary by the oil and minerals exploration
companies that built them.
GEM was the first known fully implemented Expert
System for assisting with natural resource problems, such
as the prediction of the behavior and effects of wildfires in
wilderness areas, the estimation of the risk and spread of
insect infestations, and the control of nuisance vegetation
species (Davis, et al, 1988). GEM was originally based on
the architecture of the EMYCIN shell (van Melle, 1980)
which was intended for classification problems. The
primary extension of this original architecture for the GEM
system is the capability to reason with temporal, as well as
spatial, knowledge.
Two of the better known examples of Expert Systems
for cartographic display design are AUTOMAP for
automatic map name placement (Freeman & Ahn, 1984),
and MAPEX for automatic cartographic line generalization
(Nickerson & Freeman, 1986). These have met with very
limited success in the quality of the results as compared to
what a trained cartographer could produce, and have been
criticized for having no reported effort in consulting any
cartographic experts to help derive the rule base. There are
nevertheless a number of other systems developed within
the past few years, such as one developed at the U.S.
Census Geography Division (Ebinger & Goulette, 1989)
where cartographers were closely involved with the entire
development effort, but these efforts have had no greater
level of success.
One primary reason for the limitations of cartographic
Expert Systems is that there is a very complex ·
interdependency among map elements and the rules as
applied to a specific map display often cannot all be
satisfied. Decisions of which rules to violate or

compromise must be based on aesthetics and visual appeal
of the overall map. Aesthetic judgements, particularly
when dealing with any complex spatial arrangement is
intuitive for humans, but extremely difficult to codify in a
computer context. This has notable implications for
computer analysis of any spatial data for any application,
whether it is for the purpose of cartographic display, or
scientific investigation of earth-related phenomena. It is the
substantial ease that the human visual system can perform
sophisticated and rapid pattern detection and analysis of
spatial images relative to the computer that has in large part
fostered the current interest in visualization systems.
3.2 Intelligent Geographic Database Systems
A number of Intelligent Spatial Database systems for
geographic data have been developed primarily as research
prototypes.
One such system was developed by
Stonebreaker (Stonebreaker et al, 1986) that emphasizes
knowledge-based spatial search techniques and incorporates
concepts derived from the Extended Relational Database
Model. Another was built by McKeown (McKeown & Chi
Tau Lai, 1987) as an investigation of geographic knowledge
representation from the perspective of AI researchers. This
system, called MAPS, was specifically designed to handle
earth-related data from diverse sources, including aerial
imagery, map and terrain models.
There have also been efforts within Civil Engineering
for Land Information Systems. These deal with the storage
and manipulation specifically of land survey data. One
such effort originated as a network database management
system project and expanded into the use of AI
programming techniques (Frank & Kuhn, 1986). This is
reflected in the succession of components that have been
' melded together. These include PANDA, a network
database implementation, LOBSTER, a system that
integrates a Prolog-like language onto this for logic
programming, and MOOSE, the knowledge expert.
Another Intelligent Spatial Database development effort
within geography was specifically designed to handle a very
large, heterogeneous, yet incomplete and inexact geographic
database. The initial system was known as KBGIS and
designed under the direction of Smith and Peuquet (Smith,
et al, 1987). A major function of KBGIS was to answer
queries concerning the nature and location of geographic
objects of many different types. A new form of data model
involving a dual structure and extremely flexible variety of
methods for storing high-level information, implicitly as
well as explicitly, was implemented (Peuquet, 1984). A
later version of this initial design, known as GeoKnowledge
is being implemented at Penn State. Besides the continuing
development of a practical tool for geographic data
handling and analysis, this effort is being used to gain
insights on the theoretical level in the development of
unified conceptual theories of space (Peuquet, 1988).
These prototype systems proved the feasibility of
integrating a number of various concepts from other fields,
including Computer Vision, Database Management Systems,
Computational Geometry and Image Processing with more
traditional methods of geographic data handling within the
fundamental design of the system for AI-related techniques
for knowledge-structuring, search, reasoning and learning.
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4.

Reboh, R., .1981: Knowledge engineering techniques and
tools in the PROSPECTOR environment. Rep. No. 243, AI
Center, SRI International, Inc., Menlo Park, California.

CONCLUSION

AI approaches certainly can be used to address a
number of' needed GIS capabilities. Nevertheless, past
applications of AI principles and techniques, such as the
example systems mentioned in this paper, reveal great
promise as well as problems. How AI techniques can be
productively utilized must therefore be evaluated with great
care.
It is only very recently that (limited) success has been
demonstrated on a variety of geographically-related
applications. Quite often, a need for research on the
formalization of some basic geographic principles has been
revealed. This includes the development of a spatial
relational algebra and the development of a more natural
and rob~st representational framework for earth-related data.
This research is now under way.
In addition, the field of AI itself is still in an early
stage of development. The fact that AI-based programs todate, such as in the area of Expert Systems, are only
capable of handling narrowly-constrained problems reveals
this.
5.

Smith, T.R., D.J. Peuquet, S. Menon and P. Agarwal, 1987:
KBGIS-11. A knowledge-based geographical information
system. International Journal of Geographical Information
Systems, 1, 149-172.
Smith, R.G. and R.L. Young, 1984: The design of the
Dipmeter Advisor System. Proceedings, Association for
Computing Machinery Annual Conference, San Francisco,
15-23.
Stonebreaker, M., T. Sellis and E. Hanson, 1986: An
analysis of rule indexing implementations in data base
systems. Proceedings, First International Conference on
Expert Database Systems, Charleston, South Carolina, 353364.
van Melle, W. 1980. A domain-independent system that
aids in constructing knowledge based consultation
programs. Rep. No 820, Computer Science Department,
Stanford University. (Doctoral dissertation.)
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4.19
CLIMATV: A NAVAL CLIMATE INFORMATION SYSTEM
Terry Jarrett
Naval Oceanographic and Atmospheric Research Laboratory
Monterey, California 93943-5006

workstations such as CLIMA-TV. The recommended computer has a 32-bit processor with
multi-tasking. The de facto standard
operating system for such workstations is
UNIX. Gill (1990) also describes the growing
use of UNIX in the atmospheric sciences.
Random access memory (RAM) should be in the
tens of megabytes and disk storage should
range upvards in the gigabytes. Monochrome
graphics are a must, although high-resolution
color graphics are often needed.

Decades of climatological data collection
have yielded numerous atlases and other
climatic summaries. Impediments to effectively using these data now center on
accessibility, rather than availability.
Inefficient procedures force users to spend
too much time on data retrieval and formatting. Development of a Climate Information
System (CIS) is proposed as an effective means
of improving access to climatic data. A CIS
is a computer workstation which manages and
analyzes climatic data at a local, end-user
level. The prototype CIS for naval use is
called CLIMA-TV.
2.

DATA BASE

~

The programming languages of choice are
C and Fortran. Graphics applications which
use the Graphic Kernal System (GKS) are
recommended. GKS defines a set of drawing
primitives and generic graphing commands.
Other graphics standards exist (e.g., PHIGS),
but GKS currently is the most widely implemented. The X window environment is the most
prominent user interface standard. X windows
provides a variety of window management
mechanisms such as pull-down and pop-up
menus, icons, and buttons.

SYSTEMS

Development of a CIS is primarily a data
base management problem. Data Base Management
Systems (DBMS) are computer programs which
help computer programmers organize, maintain
and access data files. With a DBMS, the
programmer is no longer concerned about the
file structure or about how to access any
single value within a record; the DBMS handles
this. The programmer need only identify the
desired piece of information. A DBMS also
allows the data base structure to be changed
without affecting the application programs.

The data base schema and data handling
software described by Jurkevics et al. (1990)
areused by CLIMA-TV. This schema also has
been adopted by the Institute for Naval
Oceanography and Fleet Numerical Oceanography
Center. The schema incorporates the National
Bureau of Standards data entity naming
convention, and the World Meteorological
Organization (WMO) binary and gridded data
forms (BUFR and GRIB).

A disadvantage of DBMS's has been their
cost but competition has reduced the price of
a DBMS to the point where it is not economical
to develop custom data management software for
a CIS. For example, a full-featured DBMS for
a UNIX workstation costs about $14,000.
Another disadvantage of a DBMS was the computational overhead associated with its use.
This drawback has been overcome by the
declining cost of increased processor speeds.

4.

CLIMA-TV must be usable with both the
UNIX and MS-DOS operating systems. CLIMA-TV
must be documented according to DOD (1985).
The climatic data should be from naval sources
when possible. CLIMA-TV software must be
coded in a DOD approved prograT!llling language.
Fortunately, many of these limitations
correspond to the design approach recommended
above.

Most commercial DBMS's use the Structured
Query Language (SQL) interface for data
manipulation. SQL is standard promulgated by
the American National Standards Institute
(ANSI) and the International Standards
Organization (ISO). Standard SQL provides a
consistent means for defining, maintaining,
and accessing a qata base. Thus, an
application program using an SQL interface to
the data base is portable to a computer also
using SQL but with a different DBMS.
3.

DFSIGN LIMITATICtiS

The CLIMA-TV prototype is developed on a
Hewlett-Packard model 835 computer, using the
HP-UX version of the UNIX operating system.
The prototype does not yet operate on MS-DOS
computers, although most of the software
components are transferable. The CLIMA-TV
application software is coded in Fortran and
C. The UNIX shell programming language is
used to connect some of the software components. It is primarily these UNIX shell
programs that must be converted in order to
install CLIMA-TV on a MS-DOS computer.

CIS DESIGN

Dueck and Wells (1988), Gardiner et al.
(1989), and Hibbard, et al., (1990), delineate
an emerging consensus regarding the design of
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CLIMA-TV uses a relational DBMS called
Empress/32 to manage gridded and station data.
The UNIX operating system handles Ascii text
files which contain narrative descriptions
that do not require management by Empress.
CLIMA-TV currently does not use X windows,
but a future upgrade may add it.
5.

The CLIMA-TV color palette has drawbacks,
however. Willey and Nesbitt (1986) note that
single primary colors (red, green and blue)
are single points of failure (places where one
transistor or wire can cause one color channel
to vanish). Durrett and Trezona (1982) insist
that opponent-color corrbinations should always
be avoided in textual and graphic displays.
This is because yellow on a blue field and red
on a green field produce the sensation of
shadows on the display and afterimages with
color reversal.

GRAPHICS l1l'ILITIFS

CLIMA-TV's computer graphics improve data
comprehensibility by remapping data to cormnon
scales and projections. CLIMA-TV uses the
National Center for Atmospheric Research
(NCAR) Graphics utilities (Clare et al., 1987)
for pictorial data display. Portability among
computers was one reason for this selection.
Other factors included low-cost functionality
tailored to meteorological graphics; product
support from NCAR; growth path through the
GKS; reliability resulting from years of
extensive use and testing; and an existing
group of experienced users.

7.

The data sets shown in Table 1 were
chosen to demonstrate the CIS capabilities to
handle different data types. New data sets
can be added easily using Empress. Most of
the data in Table l are available on digital
tape~
Generally, the original data set is a
time series of monthly statistics which apply
to a specific calendar year. These values
were grouped by month and averaged over the
period of record to derive the enserrble
monthly statistics included in the CLIMA-TV
data base. The climatic narratives were
digitized with a Dest PC Scan Plus scanner and
word processor.

CLIMA-TV is not intrinsically linked to
NCAR Graphics. Computers hosting alternative
graphics utilities can also host the CLIMA-TV
software. This rehosting would require either
the direct replacement of the CLIMA-TV calls
to NCAR Fortran subroutines with calls to the
equivalent utilities; or, the installation of
a "translation layer" of subroutines mapping
the NCAR calls to these equivalents.

8.

CXBCLOSIQil

The CLIMA-TV project demonstrates the
ability of a UNIX workstation and DBMS to
provide improved access to climatic data.
The Navy's CIS requirements are largely met
by commercial hardware and software. The use
of such industry standards as SQL and GKS
reduces development effort while enhancing
p::>rtability.
Adherence to a logical data
base schema is a prerequisite to unifying the
numerous data elements in the CIS data base.

The choice of NCAR Graphics unfortunately
limits some of the CLIMA-TV capabilities. For
example, NCAR Graphics does not provide color
filled contours or land/sea discrimination.
This later shortcoming requires that isopleths
of oceanic data, such as sea surface
temperature, must be plotted in the same color
as is the land mass. By using this approach,
the solid fill land polygons mask the inappropriate sections of the isopleths.
6.

DATA BASE CXH.IBft'S

Remaining problems center on data
ingest and storage. Time requirements
and error rates associated with scanning
printed climatologies make the conversion
from paper media to digital data too labor
intensive to pursue extensively, even with
up-to-date document scanners. The data
volumes of existing digital data sets require
massive on-line storage. CLIMA-TV will add
erasable-optical and CD~ROM media to provide
the necessary storage.

<DI.OR DISPLAYS

CLIMA-TV uses black and the six colors
suggested by Neri and Zanelli (1984); red,
yellow, green, cyan, blue, and white. These
six colors are recommended for the following
reasons. They are well spaced throughout the
visible spectrum and are thus easier to
differentiate than a set of hues grouped in
one or two spectral locations. Four of the
colors are opponent-color pairs (red/green and
yellow/blue). These pairs maximize color
contrast. While sophisticated color monitors
may support thousands of colors, the primary
hues of red, blue and green are supported by
even the most inexpensive color displays. The
portability of the CLIMA-TV design thus is
improved. Furthermore, the eight studies
cited by Neri and Zanelli (1984) suggest that
computer displays should use no more than four
to eight colors.
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Table 1.
Data Set Title

Initial contents of the CLIMA-TV data base.
Reference

Description

Marine Surface Atlas

Monthly mean and standard
deviation of surface ship
observations.

U.S. Navy (1981)

Upper Air Atlas

Monthly mean and standard
deviation of analyses at
13 standard isobaric levels.

U.S. Navy (1990)

Satellite Cloud

Monthly mean and rms cloud
amounts from Nirrbus-7.

Wellemeyer (1986)

Rawinsonde

Monthly mean of rawinsonde
observations at 10 standard
levels.

Jenne & Crutcher (1976)

Surface Stations

Monthly and annual mean
of WMO surface station
observations.

Spangler & Jenne (1988)

Station Summaries

Monthly and annual mean
of U.S. Navy surface
station observations.

U.S. Navy (1979)

Climatic Briefs

Seasonal narrative for a
country or region.

U.S. Air Force (1985)

WMO Stations

Description of WMO stations

U.S. Air Force (1989)
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4.20

PERFORMANCE VERSUS PERFORMANCE: TRADEOFFS IN THE
DEVELOPMENT OF CLICOM 3.0

Jacqueline M. Lord and Paul D. Llanso
International Activities Division
NOAA, National Weather Service
Silver Spring, Maryland

1.

good "default" products, keep a consistent
user interface (retain the format of the
forms,
menus,
and keystrokes of the
previous version, which match those in the
commercial software) , display the output in
the user's language (English, French, or
Spanish) , and be easy to use.
The
conservative issues are that it should be
easy for the user to undo an error, and
that
the
users'
archived
data
and
modifications to forms and menus should not
be affected by the new version.

INTRODUCTION

CLICOM is a microcomputer based
climatological data processing system that
was developed for the World Meteorological
Organization
(WMO) .
It
provides
the
c a pa b i 1 i t y
t o <oata- ·
digitize,
quality
Ease
FORTRAN..
control, manage, and
analyze a variety of
Cosort
climatological data. ~ -------- --------The
main
CLICOM
External
system
software
Appl ~pa'l:;!ol'ls
components are the
DataEase
commercial
data base management system and Cosort
sorting utilities,
a
set of project
programs written in FORTRAN and assembler,
and
locally
generated
or
installed
applications.

The resultant design meets those
desires within the bounds of a fairly
common set of constraints.
Primary in
these are resources: funding, time, and
staff available to the developer, and user
funding for software and hardware upgrades.
Partly driven by resources, but also
affected by policy and preference, is the
constraint that our upgrades run in
existing systems (CLICOM has been installed
in over 100 countries over the past 5
years) . The ease of maintenance of project
software and archived data is a constraint
that developer and user alike require. A
sometimes contradictory constraint is the
spectrum of user abilities, as we find
novice and sophisticated CLICOM users.

The main elements in the latest
version (3. 0) of CLICOM are an improved
graphics
display,
accommodations
to
incorporate the latest versions of DOS and
DataEase software, a statistical analysis
package, a module to compute and store long
term
normals,
and
modifications
to
facilitate
the operation of external
applications. In the process of designing
and building Version 3.0 we had to resolve
conflicts between user-oriented aspects of
functionality and ease of use, on one hand,
and hardware/software/cost constraints on
the other.
Some aspects of the following
discussion are unique to international
programming projects that must create
software that is usable regardless of a
country's language.
2.

3.

RECONCILIATION
OF
DESIRES
CONSTRAINTS: SOME EXAMPLES

3.1

GRAPHICS

AND

The centerpiece of the 3. o version of
CLICOM is an enhanced graphics system that
produces time series graphs, contoured
climate data charts, upper air soundings,
and wind rose plots. The contour plots can
have an optional map background. The user
has the flexibility of modifying plot
parameters such as size, color, text, line
patterns, location, and output device.
Naturally, we spent some time designing,
and a lot of time resolving conflicts
between the users' desires and the set of
constraints.

USER ASPECTS VERSUS CONSTRAINTS

Running through all
the design
specifications for our software upgrade
were the users'
desires that it be
powerful, simple to use, and conservative.
The power aspects of the software are that
it should process all data with no size
limits, execute quickly, and take advantage
of upgrades in the commercial software
(DataEase and DOS). Simplicity aspects are
that it permit the users to tailor the
software to their individual needs, provide

Many users have a data base of fewer
than 100 stations, but some have archived
climate data for several thousand stations.
The user's power desire called for the
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contouring of
data from all
stations, but
that
proved
640K memory
impossible
80286 processor
within
the
math coprocessor
e
x
i
s
t
i
n
g
12 MHz speed
s y s t e m s
EGA video
constraint
9-pin graphics printer
that confined
DOS 3.3
t
h
e
DataEase 2.s
programmers
Token Rinq/PC LAN
to solutions
that
would
run
in
an
IBM-AT compatible system using DOS 3. 3.
Program array sizes small enough to permit
the graphics module to run within the
computer memory space available yielded a
practical maximum of 600 stations.
The
solution was to provide the user a simple
means of choosing a subset of up to 600
stations for a given chart. The system now
permits the definition of many lists of
stations.

able to speed things up considerably by
saving the map and sounding backgrounds and
popping them back . up after each. change,
rather than redrawing them each time.

EXISTING SYSTEMS

satisfying the simplicity issues of
ease of use and giving the user the
capability to tailor products was a
challenge. CLICOM activities are performed
through menus and forms wherever possible.
Because of flexibility there are often
several layers of menus that a user steps
through. We kept the menus small, so that
each lower layer menu can fit on the screen
with all preceding menus. Also, when the
lowest layer menu or form is on the screen
we display the current value for attributes
that have been selected. The flexibility
in choices of data, lines, labels, etc.
makes
the
system
inherently
more
complicated,
which
is
a~right
~or
sophisticated users. We've .tr: i~d to assist
novices
as
well:
initial
graph
characteristics are defaulted to produce
generally adequate and appealing graphs,
tailored to the specific graph type, and
CLICOM provides help for each entry field
of a form.

Another issue pitted the power desire
for fast execution and the simplicity
desire of a consistent user interface
against the constraint of existing systems.
The user would like to follow a simple
progression of selecting the chart type,
selecting the data to be graphed, viewing

TIMESERIES
1. Axes
2. X-Grid
3. Y-Grid
4. TMPMAX
5. TMPMIN
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Fl - Help
F4 - Quit

ALBEMARLE
1.Aorch 1987

1)(10

8'.).0
Lo.I

a::

::::>

~

==>
TMPMIN
-- Line
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Fiqure 1 - CLICOM Time Series graph

a default graph, changing aspects of the
graph, sending it to a printer, and storing
the graph settings to save steps the next
time a similar graph is needed. We could
not put all that together within the
available memory, so the one large progr·am
was broken into pieces controlled by batch
files. This meant that sometimes the user
will see the graph as background, with
attribute selection menus displayed on
screen, and other times the graph will
disappear while the selection menus are
used.
We must store the current screen
settings in a file available to all
programs.
This whole process increased
execution time as each piece is a separate
executable program that must be started and
set up, but it allowed the module to work
within the memory space available. We were

Fiqure 2. - Sequence of menus on screen

CLICOM was developed for the WMO, so
the users' desire for simplicity has always
driven
the
constraint
for
ease
of
translation of the project software. One
way this affects CLICOM is in the handling
of messages generated by the programs as
they run successfully or terminate on error
conditions.
The solution was to put all
messages into a single text file.
The
programs read the messages from that file,
so the translators do not have to convert
text in source code and recompile.
A number of capabilities that were
planned for version 3. O had to be postponed
-- a case of users' power needs having to
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provided by DE: it must be backed up using
DE 2. 5, then restored into DE 4+. The user
must determine the benefit of upgrading to
DE 4+, with proper weight given to the
level of sophistication on site.

be superseded by developers'
resource
constraints: there was too much to do in
the time allotted with the staff available.
So we set priorities and committed to
prepare those capabilities from the top of
the
list,
down.
For
example,
the
capability of putting multiple graphs on
one screen (as opposed to putting multiple
data fields
on one graph)
has been
deferred.
3.2

The design to accommodate the above
desires required several modifications to
CLICOM.
A DOS environment variable was
created to identify the DataEase version,
and the installation program was modified
to set it.
Because the actual DE record
format was changed, the CLICOM FORTRAN
programs that directly read and process DE
files were modified to access the DOS
environment
variable
and
read
the
appropriate record format.
That change
affected each routine that processes DE
files.
The installation program was
modified to account for extended memory and
to record which DE version is to be used.
CLICOM uses batch files to initiate CLICOM
and control many of the functions.
The
user
is
led
through
steps
during
installation to modify these files to
reflect local configuration details. And,
the template forms had to be reproduced in
both DE 2. 5 and DE 4+ and copied to an
installation diskette.
The installation
process is fairly simple, such that the
user, having identified the DE version in
use, does not have to know what files to
copy: the installation program pulls the
correct template files.

DataEase 2.5 versus DataEase 4+

From the users' viewpoint there are
a number of reasons to consider modifying
CLICOM to. run with DataEase versions in the
4+ series.
Compared to DataEase 2.5 (DE
2.5), the limit of 65K records per form is
raised to several billion, it executes more
quickly, and can use extended memory -- all
features that address the users' desire for
more powerful software. Its "Table View,"
which permits simultaneous viewing of
individual records, and its expanded set of
proprietary query language commands that
provide more flexible ' search and data
manipulation, appeal to the users' desire
for simplicity of use.
Due to these advantages, some users
will upgrade to the latest version of
DataEase, so CLICOM had to be modified to
run with DE 4+.
But, many users
constrained
by resources,
policy,
or
preference -- will stick with version 2.5.
Our design decisions had to reconcile the
user desires that were in conflict with
each other and with a number of the general
constraints.

3.3

Reindexing

Searches for records in DataEase can
be sped up significantly by indexing a
field or fields in the form. This DataEase
facility is used extensively in CLICOM.
However, to keep the indexes in their
proper sequence when CLICOM writes directly
into DataEase files, the user has had to
perform the manual steps of unindexing
affected fields in a form, saving the form,
and then reindexing the fields and saving
the farm.
The manua 1 s_teps were too
tedious and were prone to error. The user
wanted simplicity and fast execution power,
and we had to work within the constraints
of resources, existing systems, and ease of
maintenance.

Because the enhanced query language
capabilities were not available in DE 2.5,
CLICOM was not modified to use them. This
ensured that the project software would run
successfully in either DE version, and
satisfied the existing systems constraint.
The simplicity aspect of a consistent
user interface was preserved, even though
DataEase changed the use of several
function keys. DataEase used the F4 key to
"Exit from this Form" in DE 2.5, but went
to the Escape key for that function in DE
4.0.
Our colleagues at the National
Climate Data Center modified the project
FORTRAN software to accept both keys,
listing only the appropriate key for the DE
version in use.
This was done by having
the user identify the DE version during the
installation of CLICOM 3.0, which was then
stored in a DOS environment variable.

The National Climate Data Center part
of the design team created a terminate and
stay resident (TSR) program to feed the
appropriate
keystrokes
into
DataEase.
Unfortunately, because of the slightly
different DE 4+ forms and menus, we have to
maintain and provide 2 versions of the TSR.
The user doesn't need to know that, since
the installation program copies the correct
one based on the DE version stored in the
DOS environment.

Preserving the users' stored data is
a paramount concern, at the heart of the
users' desire for a conservative upgrade
package. If the user stays with DE 2.5, no
changes are needed.
However, if the user
wants to take advantage of the enhanced
capabilities in DE 4+ which CLICOM has been
modified to use, the user's data archive
must be converted using the facilities

3.4

External Applications

The
CLICOM
system
provides
a
complete,
but
basic,
climate
data
management capability.
It is designed to
permit
the
addition
of
applications
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programs that can access the data base and
create secondary information, which then
can be displayed as output products. For
example, some users want to run crop
models, or irrigation demand models, or
energy demand and consumption models.
In
modifying CLICOM to
facilitate these
additions,
we
reconciled
the
users'
simplicity issues (ease of use, consistent
user interface, tailor system and products)
and conservative issues (preserve users'
modifications
and
data)
with
the
constraints of ease of maintenance and user
abilities.

better balance between desires and final
design, and reduces the development time.
Our solutions can be seen as examples
of practical ways
to get the most
performance within g state of the art.

We
provided
a
menu
area
and
instructions for users to invoke their
applications programs from within CLICOM.
Users can add "hooks" to their programs by
adding them to the custom applications
menu, using CLICOM's menu modifications
routine.
The applications calls are
performed -from within a separate set of
easily edited batch files.
Changes made
here do not affect or potentially damage
any of CLICOM's core system files.

Climate Data Products
0
1
2
3

4
5
6
7

4

Return to the previous menu
Help
Products that produce permanent data
CLICOM reports
CLICOM graphics
Custom applications
Statistics
Perform a single DOS command

F1qure 3. - Climate Data Products menu

One special application case involves
the commercial INSTAT statistical program,
available
through
the
University
of
Reading, England.
Because INSTAT has
statistical analysis features expressly for
climate data, we added a call to INSTAT
from the standard CLICOM Climate Data
Products menu.
4.

CONCLUSION

The desires of CLICOM users are
pretty familiar to anyone responsible for
developing
and
maintainina
a
data
management system:
"Make it powerful,
simple to use, and conservative." For the
most part, the constraints we faced are
also
familiar:
finite
resources,
compatibility with existing systems, ease
of maintenance, and user abilities. While
we have the additional constraint of ease
of translation into French and Spanish,
that simply forced a disciplined approach
to message, menu, and form handling that
contributes to ease of maintenance.
Systems design -- especially for an
upgrade to an established system
requires a clear identification of the
proposed requirements and the limitations
imposed.
Early identification results in
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4.22

QUICK PROJECTIONS FOR MULTIPLE STATIONS {QPMU)
SYSTEM OVERVIEW
Richard L. Lehman
Climate Analysis Center, National Weather Service, NOAA
Washington, DC 20233
1.

INTRODUCTION

o Mid-month to mid-month as well as standard monthly variables are handled.
o Results are given for user-defined heating and
cooling degree day base temperatures as well as
the standard one (65 deg F.).
o Gaussian and skewed variables are handled.
o Results are given for user defined growing degree day base and ceiling temperatures, as well
as the standard ones {50 and 86 deg F)
o Results may be saved to a disk file or sent to
a printer.

QPMU is an interactive software system on
personal computer (PC) .diskette that accepts input
of monthly outlook and uses internally stored
climate data to provide information on the weather
expected in the month ahead at preselected sets of
stations from regional lists of 500 U.S. stations.
This and related software products are being
developed at the Climate Analysis Center {CAC) in
response to National Academy of Science committee
recommendations for new methods to bridge the gap
between climate information and user needs.
{National Research Council, 1980, 1981, 1986).
QPMU results are in the form of tables of
distribution parameters for each station-month
variable in the set, .Ind. a mean value for the set,
weighted by population or land area. QPMU results
can drive regional models that forecast, for
example, energy use, crop yields, and timing for
crop harvest or pesticide application. A related
product (QPMO) provides outcome probabilities for
decisionmaking at or near a single station.

2. STATION SELECTION AND WEIGHTING FACTORS
Each regional part of QPMU comes with an
arbitrarily chosen set of 6-8 selected stations.
This is useful for initial demonstration of the
system, but at some point you will wish to select
a set of stations in your region that better suits
your particular application. This may be done
interactively, during which QPMU creates a
temporary fi 1e that resides unt i1 changed on the
acive drive of your PC.

QPMU is in the final stages of development. The
present version incorporates many features
suggested by outside reviewers, mainly from the
energy, agriculture and water resources areas. The
system is currently available on a limited basis
from CAC for t ria 1 and comment.
If there is
sufficient interest, it may become available for a
fee as a separate entity, or as an element on the
CAC Dial Up Service.

Alternatively, you may change the chosen set
before starting QPMU by text editing your regional
XXX.LST file, found on the QPMU diskette, in the
'non-document' mode. XXX is the 3-letter code for
your census division. The reason for editing in
this mode is to avoid inserting special editing
symbols that could interfere with QPMU access to
data in the edited file.
Editing is done by marking the stations you
want, among those in the XXX.LST file, by use of a
"+" symbol in place of the blank space in column
5. You must remove stations you don't want by
replacing the mark with a blank space. In either
case, you must leave the column order of the data
intact, i.e. after editing, column 5 should
contain only blank spaces or "+" symbols, and
column 6 should contain the first number in the
five digit WMO station code.

QPMU comes in nine parts, each part serving a
region defined by a Census Division of 3-8 states
and 33-75 stations. The system projects results
for the following weather elements and 24 monthly
periods beginning on the lst and 16th of each
month, the publication dates of the Monthly &
Seasonal Weather Outlook (MSWOl.
- Monthly Average Temperature {MAT)
- Daily MaXimum (OMX) and MiNimum (DMN) temperatures in the month
- Monthlv Heating (MHD) and Cooling (MCD) Degree days in the month
- Monthly Growing Degree Days (GOD)
- Monthly Total {MTP}, and Daily maX (OMX) Precipitation in the month

QPMU will generate output tables containing
up to 16 stations selected from a temporary
{XXX.TEM) or XXX.LST file, if they are marked as
above. This limitation enables you to inspect the
complete output table on your PC monitor screen
before printing or saving it to disk.

Key features of the new system are:

2.1

o Composition of the regional sets of stations
and their weighting factors may be readily
changed.
o Results are provided for forecast-contingent
variables derived from official MSWQ probability forecasts, and for variables projected
from 40-yr (48-87) climatological norms.
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Pooylation and land area weighting factors

QPMU contains 1987 population figures in
1000s for each station in your regional LST file.
These data are found in columns 64-68 directly
under the "87POP" heading, and are automatically
used if you select the population weighting
option. For demonstration purposes only, QPMU also
uses the population figures as surrogates for

of (Fahrenheit) degree days in the month exceeds
about 400 (Lehman, 1984). Other cl asses ·of
variables are in general skewed.
Skewed
distributions are defined by use of the parameter
in standard one-parameter gamma functions. The
parameter is given by 4/(SK*SK), where SK is the
skewness coeffi~ient. (Lehman, 1987a-c).

acreage figures if you opt for areal weighting. In
either case you are given the option of changing
the figure for each station in the set before QPHU
computes the table of results shown on the monitor
screen. Changing the weighting factors in this
interactive way gives correct results without
altering the original population data on the LST
file.
If your regional application model is based
on weighting by acreage then you will find it
worth the trouble to edit your regional LST file,
replacing the existing population figures for your
set of stations with acreage va 1ues for the
planted crop areas they represent. These will vary
form crop to crop and from year to year, thus it
was i mposs i b1e for CAC to i nc 1ude representative
acreage values for each station.
Such editing
must be done in the 'non-document' mode of your
text editor and stri et column order must be
maintained in the modified LST file. The original
population figures must be restored in a reedited
LST file if you later wish correctly to use QPMU
results to drive models that rely upon population
weighting.
3.

QPHU STARTUP, RATIONALE AND INPUTS

To start, you must boot up on a MSDOS operating system, ENTER 'QPMU' and, as prompted, the
monthly period and other particulars that define
your regional set of temperature, degree day or
precipitation variables. QPMU then uses the first
three moments of the distribution based on the
available data in the 1948-1987 period, to
generate and display a table of percentiles for
these variables. For
forecast-contingent
variables, the moments are modified in a graded
way by the values of the local probability
forecast in the current ~. When the forecast
value is 30, indicating no preference for warmer
/colder
temperature
or
heavy
/light
precipitation, the original
moments are used.
The
moments as
modified, are then used to
generate tables of outcome probabilities for the
set of stations.

3.2

Forecast-graded modification of moments

In the forecast mode, QPMU shifts the mean
and compresses the variance of skewed variables by
the same method as for the Gaussian MAT variables
(Lehman, 1987b). Thus modification of the first
two moments is conservative, and makes no use of
any information on the skewness of the distribution. Additional research may permit us to make
somewhat larger shifts for the skewed variables
than that actually employed.
For precipitation variables, the forecastcontingent mean value is calculated directly from
the 1oca1 forecast, and percent i1 e weights
obtained from historical data and included in the
QPMU system data files. For ex amp 1e, if the
forecast is for light precipitation with 38%
chance of occurrence, then the forecast mean •
historical mean * (.38wt30 + .4wt50 + .22wt70),
where
wt30, wtSO and wt70 are the relative
amounts of precipitation in the lower 30%, the
middle 40%, and the upper 30% of the historical
If the forecast is for heavy
di st ri but ion.
precipitation with 38% chance of occurrence, then
the 0.38 and the .22 in the equation are
interchanged. The middle term remains fixed
regardless of the forecast, and the bracketed term
becomes 1. 0 when the forecast is 30%, i.e. when
there is no forecast preference for 1i ght
or
heavy precipitation. The variance compression is a
function of the %-difference between historical
and forecast mean, as for the other cl asses .of
variables.

A common type of inquiry answered by QPMU
is "What is the expected weighted cumulative
number of degree days for Day 18 through Day 38,
i.e. roughly 3 to 5 weeks from the beginning of
the monthly or midmonthly forecast period?". QPMU
calculates and displays the weighted numbers that
will enable you to learn the most likely day that
a particular number of concern wi 11 be reached.
QPMU deve 1ops the parameters for degree day
variables from temperature statistics. This
feature allows you to select a wide range of
degree day base (and ceiling) values for
particular applications.

The skewness coefficients for monthly total
degree day variables are obtained from results of
computer simulation studies (Lehman, 1987c). For
other classes of forecast contingent variables
QPHU adjusts the climatological skewness'
coefficients in a conservative way: if the
climatological distribution is near normal
(skewness coefficient in the range - .06 to +.06)
then it remains unchanged, regardless of forecast,
since the skill is such that the anticipated
change even for a "strong" forecast statement
would be difficult to distinguish from Gaussian.
If the climatological distribution is skewed, and
the forecast is in the sense that would
reduce[increase] the absolute value of the
skewness coefficient, the~ the value
is

At the end of a session you may send the
results shown on your PC monitor to your printer,
or save them to a disk drive file. You then have
three options: SELECT a new variable for the same
month, RESTART with a new month, or QUIT QPHU and
return control to your PC's operating system.
3.1

ENTER, as prompted, the month code, the degree day
base(B) and ceiling(TM), the kind of weighting
desired (Population /Acreage) and the official
forecast ( F) at the 1ocat ions in the set.
National F values are published in the M.S.WQ twice
each month and are also available on the day of
publication on the CAC Climate Dial Up Service
(CDUS) by telephone modem link. Weighted results
appear on the monitor screen for the temperature
or precipitation variables selected or for monthly
to ta 1 degree days sea 1ed to 18-38 days from the
beginning of the forecast period.

Tyoes of variables and inoyts

Two types of variables are handled by QPHU:
Gaussian and skewed.
The MAT variables for a
given station and month are Gaussian (Whiting,
1978),as are MHD and MCD variables when the number
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reduced [increased] in a graded way, depending on
the forecast, and guided by the observation that
forecasting skill lies mainly in discrimination
for and against extremes (Gilman, 1985, 1986).
3.3

enter TM values above L when the sign of SK is
negative, or B values below L when the sign is
positive. To get GOD data for a GOD variable
defined with B<L, when SK is positive, you must
add N*(L-B) to the values in the GOD table
obtained by setting B'=L.

Degree day calculation

Forecast
in the same way,
vary with the
statement for

QPMU calculates the number of days expected
with daily temperature or degree day value below
a given outcome you select, as the product of the
probability of occurrence of the given outcome and
the number of days in the month. QPMU scales
monthly total degree day (MOD) results for j•l8 to
38 days by use of 30*MDD/N + (j-30)*dd', where MOD
is obtained by modification of moments for the DAY
variable as discussed above, N is 28-31, the
number of days in the monthly period, and dd' is
the mean daily norm for the following monthly
period, centered at day 30. Expected total growing
degree day (GOD) results are scaled in the same
way.

4.

o QPMU.EXE, the 100+ Kbyte executable interactive
file that contains the introductory information
and menus, opens the . LST and . DAT files,
performs the calculations, and creates the
working screen output on the PC monitor.
o XXX.FID, a 5 byte file containing the 3-letter
Census Division code. For example, the code for
the West North Central Division is WNC.
o XXX.LST, the list of stations for Division XXX.
o XXXT.DAT and XXXP.DAT, files that contain the
moments and other data on the historical distributions of the temperature and precipitation
variables for the stations in the XXX.LST file.
These data are based on up to 40 years
(1948-1983) of daily temperature and precipitation
observations at each station. The 40-year period
is used in order to get the longest possible data
record that was consistent from station to
station. Values computed from the 40 year period
differ somewhat from those computed from the more
standard tridecade (1951-1980).
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FIZ AND TEM FILES

Each census division part of the QPMU
system has a unique set of LST, DAT and FID files.
High density or hard disk drives may have sets for
more than one census division. If so, QPMU creates
a new file containing the FID codes of available
sets (DIR.FIZ) and asks you to choose between
them. QPMU creates a XXX.TEM file on the active
drive when you choose your customized station set.

_ __..._II- - - - - - " " ' H_ _ ___.Tl1--L--OAY
.___ _ _ __...__ _ _ _ _ CD!VN

0

THE QPMU SYSTEM

The QPMU diskette contains the following
files. All but the QPMU.EXE file are identical to
those used by a companion system (QPMO):

Given the observed degree day tot als up to
the forecast date and the total number required,
QPMU degree day output files te 11 you, for
example, how many days are expected before a)
cri t i ea l energy use l i mi ts are reached, b) crops
are ready for harvest, or c) insect pests will
reach a developmental stage that is sensitive to
treatment. You may supplement QPMU results with
unique day by day projections for the next seven
Q.lY.i by use of NWS's Day I-Day 7 Daily Max and Min
forecasts, available. every week day on the CACCDUS dial-up service. More detail on how QPMU
projects GOD results is given in Fig. I and the
text following it.

,

contingent projections are done
but with M,S, and SK values that
strength of the M..S.W..Q. forecast
the station and period.

TH-I

Fig I. Ga11111a function model of Daily AVerage
(DAY) temperature variable used by QPMU for
GOD projections. Example for May at Knoxville.
GOD projections are done as follows. QPMU
extracts the parameters (M, S, SK} defining the
(1948-1987) DAY distribution for the indicated
station, e.g. for Knoxville, TN. In May these
would be 67.4, 6.5, and -.69. In the Gamma-alpha
function model used, alpha • 4/(SK*SK) and L • M 2*S/SK, or 86.2, the limit beyond which DAY is not
defined. QPMU clips the DAY distribution at the
B, TM points you have chosen and creates the
synthetic GDD/N distribution with "spikes" at the
0, TM-B points that incorporate the frequencies in
the adjacent shaded areas shown in Fig. I.
Elsewhere GDD/N • DAY. QPMU then calculates GM,
the mean value of the doubly spiked distribution.
GOD is simply N*GM, where N is 28-31 (the number
of days in the month). QPMU does not permit you to

6.

RECORD VALUES AND DATA SMOOTHING

Sometimes QPMU gives percentile or
probability results that appear wrong when
compared with a known record observation for the
monthly period. The reason for this is that the
standard deviation and skewness coefficient data
used by QPMU have been harmonically smoothed over
the 24 monthly values in the year. Four harmonics
were used, so that on average only one peak and
valley per season are permitted in the annual
cycle for each of these parameters. Such smoothing
leads to more reliable projections, but at the
expense of apparent i neons i stency with some
observed 40-year record values.
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7.

9.

'WHAT IF' MODE: ASSESSING MODEL SENSITIVITY

Gilman, D. L., 1985:long-Range Forecasting: The
Present and the Future, Bull. Am. Meteor. Soc.
66, 159-164.

The 'What if' mode of QPMU makes use of
hypothethi ea l future M.S.v..o. forecasts for the
purpose of helping you assess well in advance of
the event, the sensitivity of your model to sets
of forecasts that could be made. In this mode,
you choose the forecast option for a future
critical monthly period of interest, enter
hypothetical forecast values for the stations, and
save the results. You use the SELECT option to
repeat this process for several different sets of
hypothet ka l forecasts for the same station set,
period and variable, and compare the results. This
information on your model sensitivity also gives
data that can assist you in advanced planning for
operational decisions ·based on the real forecast
when it is made.
8.
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APPLICATIONS OF QPMU

QPMU can help a you antic i oate the given
events in the following general areas:
AGRICULTURE
o Heat and cold stress on poultry/livestock/crops.
o Monthly space heating and cooling costs.
o Optimum timing of crop planting /irrigating
/fertilizing.
o Optimum use of submarginal land /timing of
pesticide use.
o Amount of irrigation, and level of frost protection /crop insurance.

Lehman,
Richard
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1987c,
Probability
distribution of monthly degree day variables at
U.S. stations. Part II:
Estimating the shape
factor from temperature data.
Unpublished MS,
available from the author.
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COMMERCE
o Heat and cold impact on construction activity.
o Monthly space heating and cooling costs.
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ENERGY INDUSTRY
o Monthly and peak daily natural gas /heating oil
sendout /demand.
o Monthly · revenues from sales of natural gas to
residential and commercial customers.
o Monthly and peak daily electric power demand
for space conditioning.
o Monthly revenues from residential and commercial space conditioning customers.
GOVERNMENT/WATER RESOURCE MANAGEMENT
o Monthly reservoir water level fluctuation for
irrigation and electric power generation needs.
o Monthly reservoir level loss from evaporation.
o Monthly municipal electric power needs.
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Dionne(301-763-4670), ~ subscriptions, call
202-275-3648 or write to the US Gov't Printing
Office, Washington, DC 20402.
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MEETING THE CLIMATE INFORMATION NEEDS OF
AGRIBUSINESSES AND OTHERS IN THE MIDWEST
Kenneth E. Kunkel, Stanley A. Changnon, and Carl L. Lonnquist
Midwestern Climate Center
Illinois State Water Survey
Champaign, Illinois

1.

Figure 1 is a map of daily precipitation reports for
Iowa on July 20, 1990. Our typical user has previously
had quick access to data from only a small number of
stations, perhaps 5-10 per state, that are disseminated by
the NWS in a tabular, easy-to-read format. Users
outside of the NWS do not usually have the station
identification information to allow decoding of SHEF
data. Decoding the SHEF data allows our users to have
access to a much greater volume of data, as many as 100
reports per state per day after a large precipitation
event. This is valuable during the summer when the
convective nature of precipitation results in high spatial
variability.

The Midwestern Climate Information System
(MICIS) provides access to regularly (daily) updated
climate information which is used by a variety of
organizations with a need for up-to-date information on
climate conditions. Midwestern agribusinesses comprise
a large proportion of the users. The main purpose of
MICIS is to provide a source of information on the
current status of the climate of the Midwest, particularly
as it may affect agriculture and water resources. To this
end, the following features characterize the system:
a.

b.

c.

d.

e.

PRODUCT EXAMPLES

2.

INTRODUCTION

Regional coverage includes the states of Illinois,
Indiana, Iowa, Kentucky, Michigan, Minnesota,
Missouri, North Dakota, Ohio, and Wisconsin. In
addition, parts of Pennsylvania, New York,
Vermont, and southern Canada are included to
provide coverage of the _entire Great Lakes
Daily updates to the climatic data base are made
by utilizing reports from the various National
Weather Service (NWS) networks (first order,
FAA, hydrologic, agricultural). The NWS data is
supplemented by miscellaneous data from staterun networks.
Large historical data bases of daily data are online. Temperature and precipitation data for the
digitized period of record for about 1500 stations
are available. Regular updates of the historical
data are received from the National Climatic
Data Center (about 5 weeks after the end of a
month).
Specialized products are derived from the climate
data with the use of process models. These
include regional soil moisture estimates and corn
and soybean yield risk assessments using crop
development models.
Telephone access to the system is possible using
a PC, modem, and communications package.
Network access (Internet) is also available. A fee
is charged for access.
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Figure 1. Total precipitation (hundreds of inches) for
the 24 hours ending in the morning of July 20, 1990 for
Iowa and surrounding areas.
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Table 1 gives values of several climatic elements
for Urbana, IL' during July 1936, the hottest month of
record at that location. This is an example of a product
derived from the large historical database. Table 2
illustrates a product which provides monthly values of a
large number of climatic statistics including means,
extremes, totals, and degree days. This particular
example shows a 41-year record of monthly extreme
daily maximum temperatures. Table 3 shows a 39-year
record of the first fall and last spring occurrence of
freezing temperatures at Winnebago, MN. Table 4
illustrates a product which gives occurrences above or
below user-chosen thresholds for arbitrary time periods.
This example lists occurrences of heavy precipitation
(greater than 1.50 inches) and cold temperatures
(maximum temperature less than 40 ° F). Table 5 gives
probability distributions for monthly, seasonal, and
annual precipitation using a gamma distribution. Table
6 shows weekly average growing degree days for
agricultural applications. Daily and monthly averages
are also available. Figure 2 shows a regional map of soil
moisture deficits. This is an example of a product based
on a model which has direct application to an important
agricultural sector, agriculture. Table 7 shows the results
of another product based on a model, a risk assessment
of potential corn yields.
Table 8 gives a ranking of
state-averaged summer precipitation values for Illinois.
This shows the severity of the 1988 drought along with
the drought years of the 1930s.

Table 2. Extreme high daily maximum temperature by
month at St. Louis,· MO for the period 1949-1989.

Yr
1949
.1950
1951
1952
1953
1954
1955
1956
1957
1958
1959
1960
1961
1962
1963
1964
1965
1966
1967
1968
1969
1970
1971
1972
1973
1974
1975
1976
1977
1978
1979
1980
1981
1982
1983
1984
1985
1986
1987
1988
1989

Jan Feb
67
66
77
61
70
70
75
67
64
65
64
74
65
68
62
75
66
69
54
67
62
65
66
59
58
68
62
83
62
62
70
57
70
73
58
62
75
71
65
61
56
57
76
68
64
74
70
85
67
68
71
68
66
67
67
79
40
74
50
52
39
58
61
63
67
79
54
70
63
72
59
70
43
63
75
71
61
66
67
72
74
62

station: (237455) St Louis WSCMO AP
From Year 1949 To 1989
High Daily Maximum Temperature (F)
Mar Apr May Jun Jul Aug Sep Oct Nov Dec
76
92
97 100
83
95
87
87
80
70
81
90
92
96
94
93
90
90
85
70
74
91
89
94
96
98
89
92
76
74
76
89
93 105 104
96
94
91
78
65
79
87
98 103 104 101 102
94
75
63
78
88
91 102 115 103 104
92
74
67
86
85
90
94 100
98
99
86
82
70
85
89
92
95
98 100
98
79
86
72
73
86
87
94
98
98
89
83
67
66
~o
83
92
95
93
95
93
85
78
61
78
88
92
98
97
98
93
81
72
58
78
91
85
96
93
97
99
78
82
64
78
85
88
89
93
93
93
85
80
70
80
85
90
93
93 105
94
90
70
66
88
90
91
96
97 102
90
94
72
67
75
86
92
94
95 104
96
84
78
61
68
90
89
93 100
97
90
83
76
72
83
79
87
95 106
93
91
85
76
73
84
90
89
93
95
92
87
88
68
67
83
91
95
95
84
98
88
88
69
59
78
83
91
94
97
94
92
89
71
65
72
92
89
95 103
97
96
82
70
76
82
89
86
97
98
97 100
89
81
72
85
88
92
96 100
98
94
83
65
67
77
79
83
94
95
95
91
83
76
70
85
87
91
94
99
93
85
81
75
56
79
83
91
94
94 101 94
88
78
70
79
89
86
93
99
95
93
89
78
68
81
88
91
97
98
95
93
82
71
60
86
85
92
96
97
99
95
86
82
68
77
84
89
97
98
97
91
89
76
70
68
90
90
97 107 105
97
92
79
72
87
87
84
92
96
92
91
90
74
65
78
83
89
91
93
98
85
86
79
74
81
83
84
93 103 103
98
88
73
51
75
87
86
94 100 107 104
80
73
73
89
87
91
93
97
93
94
82
73
55
87
92
89
98 102
98
91
79
71
52
75
89
92
97
98 103
92
81
82
61
82
91
92 102 103 103
94
85
73
67
80
93
93
95
98
96 92
89
85
65

Table 3. Dates of the occurrences of the last spring
freeze and the first fall freeze at Winnebago, MN for the
period 1951-1989.
Growing Season Data (base;32 F)
Station: (219046) Winnebago
Years:
1951 To 1989
Missing Data:

Table 1. Climate data for Urbana, IL during July 1936.
Elements include daily precipitation ("prep"), maximum
temperature ("tmax"), minimum temperature ("tmin"),
snowfall ("snow"), and snowdepth ("depth").
station:
yyyymmdd
19360701
19360702
19360703
19360704
19360705
19360706
19360707
19360708
19360709
19360710
19360711
19360712
19360713
19360714
19360715
19360716
19360717
19360718
19360719
19360720
19360721
19360722
19360723
19360724
19360725
19360726
19360727
19360728
19360729
19360730
19360731
Avg/Sum

(118740) Urbana,

mean
(F)
76
80
78
86
88
92
91
92
86
90
92
93
90
94
92
86
84
82
76
72
73
78
85
80
78
88
88
82
75
66
68

snow
(in)

0.00
0.00

tmin
(F)
63
67
64
72
73
79
78
80
72
76
79
79
75
79
77
74
68
71
66
61
61
63
73
67
66
76
75
70
65
53
53

l. 35

95.9

70.2

83. 0

o.o

o.oo
o. 00

0.00
0.00

o.oo

0.00
0.00
0.04

o.oo

0.00
0.00
o. 00
0.00
0 . 39

o.oo

0.00
0.07
0.01
0 . 00
o. 00
o. 00
o. 02
0.00
0.67
o. 00
0. 12
0 . 03

o.oo

Year
1951
1954
1957
1960
1963
1966
1969
1972
1975
1978
1981
1984
1987

IL

tmax
(F)
88
92
91
100
102
105
104
104
99
104
105
106
105
108
107
98
100
92
86
83
84
92
97
92
90
99
101
93
85
78
82

prep
(in)
0.00

o.o
o.o
o. 0
o. 0
o.o
0.0

o.o

depth
(in)
0
0
0
0
0
0
0

aver

0.0

o.o
o.o

0.0
0.0

0.0
0.0
0.0

o. o

Last
First
Spring
Fall
Freeze Freeze
4/24
9/28
5/ 9
10/ 7
5/ 5
10/10
5/11
10/19
5/23
10/29
5/13
10/ 1
5/13
10/13
4/25
9/30
4/21
10/16
5/ 2
10/ 8
10/ 2
5/11
5/26
9/26
10/ 3
4/ 5
5/ 2

Year
1952
1955
1958
1961
1964
1967
1970
1973
1976
1979
1982
1985
1988

Last
First
Spring
Fall
Freeze Freeze
4/16
10/ 4
5/ 8
10/15
4/30
10/ 1
5/ 3
9 / 28
4/19
10/ 9
9/28
5/12
5/ 3
10/10
5/ 3
10/16
10/ 6
5/ 8
10/ 6
5/12
10/16
4/22
4/10
9/26
4/27
10/ 4

Year
1953
1956
1959
1962
1965
1968
1971
1974
1977
1980
1983
1986
1989

l . 3%

Last
First
Spring
Fall
Freeze Freeze
10/ 7
5/14
9/)0
5/ 4
4/21
10/ 9
4/20
10/23
4/28
9/26
10/ 4
5/ 6
5/13
10/28
5/ 7
9/22
10/ 6
4/ 8
5/ 7
10/ 5
4/20
9/23
Missing 10/ 6
5/ 7
9/23

10/ 6

Table 4. Dates and values of selected climatic elements
on days when heavy precipitation (greater than 1.50")
and cold temperatures (maximum temperature less than
40 ° F) occur simultaneously ("-99 denotes missing
values).

o.o

0.0
0.0

o.o
o.o
o. 0
o.o
o. 0
o. 0
o.o
o.o
o.o
o.o
o.o
o.o

Ann
100
96
98
105
104
115
100
100
98
95
98
99
93
105
102
104
100
106
95
98
97
103
100
100
95
99
101
99
98
99
98
107
96
98
103
107
97
102
103
103
98

0
0
0
0
0
0
0
0
0

years

(118740)Urbana, IL
1901 to 1989
month
1 day

l

to

month 12 day 31

Conditions are :
Precipitation greater than or equal to 1.50 inches
Maximum Temperature less than or equal to 4 o deg F
Year Month Day Precip Tmax Tmin Snowfall Snowdepth
1916
1
12
l . 63
36
8
o. 0
-99
1924
12
17
1. 54
40
29
o. 0
-99
1924
12
18
1.94
33
29
o. 0
-99
1949
1
18
1. 75
36
20
0.5
0
1957
4
3
l . 63
39
32
o. 0
0
1967
1
26
2.43
32
24
o. 0
0
1967
12
2
2.35
40
32
1. 4
l

0
0
0
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Table 5. Precipitation probabilities for Hillsboro, OH
based on data for the period 1951-1989 and calculated
using a gamma distribution.
Probabi 1 i ties: Precipitation (in)
Station: (333758) Hillsboro

1\

Ja
Fe
Ma
Ap
Ma
Jn
Ju
Au
Se
Oc
No
De

o. 44
o. 28
0. 73
o. 80
1. 00
o. 54
o. 86
o. 60
0. 34
0.21
0. 62
0.59

5\

10\
1. 10

o. 82
0.59
1. 27
1. 33
1. 59
1. 01
1. 49
1. 09
0. 72
o. 49
1.05
o. 98

o. 84

1. 66
1. 70
2. 00
1. 35
1. 93
1. 45
1. 03
o. 74
1. 36
1. 26

25\
1. 71
1. 40
2.49
2. 48
2. 82
2. 09
2. 88
2. 23
1. 73
1. 33
2.01
1.83

50\
2. 63
2. 30
3. 70
3. 61
3. 99
3. 22
4. 26
3.40
2.85
2. 33
2.95
2 . 66

Table 7. Probability distribution of possible corn yield
outcomes for Illinois on July 10, 1990. These are based
on 41 different model runs for each climate division
using 41 different historical years of climate data as
possible realizations of the climate for the remainder of
the growing season.

Missing Data:
0. J\
Years:
1951 To 1989
75\
3. 85
3.51
5. 26
5. 04
5. 45
4. 69
6. 04
4 . 91
4.39
3. 73
4 .14
3. 71

90\
5 . 21
4.91
6. 99
6 . 61
7.02
6. 34
8.00
6. 61
6. 15
5.39
5. 46
4.86

95\
6 .15
5. 90
8. 17
7. 68
8. 09
7. 48
9. 34
7. 78
7. 40
6. 58
6. 36
5. 64

99\
8 .19
8. 05
10. 72
9.96
10. 35
9.96
12. 23
10 . 32
10.13
9. 20
8. 30
7. 32

Illinois Corn Yield Risk Assessment
7/10/1990
Yield (Bushels/acre)
climate
division
1
2
3
4
5
6
7
8
9

An 29. 41 32.76 34.65 37 .97 41. 90 46.09 50. 09
52. 59 57. 49
Wi
Sp
Su
Fa

3. 25
5. 53
4.86
3.06

4.37
1 ·. 07

6.44
4. 33

5. 08
8.00
7.41
5.15

6. 42
8. 17 10 . 22
9.75 11. 98 14. 52
9.25 11. 65 14. 42
6. 73
8. 86 11. 38

12. 33
17. 09
17. 26
14 . 03

13. 72
18. 76
19.12
15. 79

16. 59
22. 17
22. 93
19. 45

average

Table 6. Weekly average growing degree days for corn
at Algona, IA calculated from data for 1951-1989. These
values are calculated using the modified degree day
method whereby the degree 'days are adjusted for
temperatures below 50°F and above 86°F.
Weekly Summary : Growing Degree Days
station
(130133) Algona, IA
Years : 1951 to 1989
Week
3/ 1- 3/ 7
3/ 8- 3/14
3/15- 3/21
3/22- 3/28
3/29- 4/ 4
4/ 5- 4/11
4/12- 4/18
4/19- 4/25
4/26- 5/ 2
5/ 3- 5/ 9
5/10- 5/16
5/17- 5/23
5/24- 5/30
5/31- 6/ 6
6/ 7- 6/13
6/14- 6/20
6/21- 6/27
6/28- 7/ 4

Data
3
4
5
14
17
26
42

so
60
72
79
96
100
115
129
135
140
151

Week
7/ s- 7/ 1 1
7/12- 7/18
7/19- 7/25
7/26- 8/ 1
8/ 2- 8/ 8
8/ 9- 8/15
8/16- 8/22
8/23- 8/29
8/30- 9/ 5
9/ 6- 9/12
9/13- 9/19
9/20- 9/26
9/27-10/ 3
10/ 4-10/10
10/11--1 0/17
10/18-10/24
10/25-10/31

Data
152
158
158
151
147
140
139
134
125
112
89
75
74
57
55
39
29

USDA
median lowest highest exceeded
exceeded 79-88 avg
value
value value 90% yrs
10% yrs
(bu/acre)
125
108
144
115
139
116
124
105
139
111
136
118
139
88
160
113
152
115
150
122
169
134
162
119
132
108
14 7
116
146
116
131
86
151
107
144
120
124
74
140
94
136
111
87
32
113
42
109
90
88
30
122
40
112
92
128

97

144

117

140

114

Table 8. Ranking of state-wide average summer
precipitation for Illinois based on the period 1895-1990.

(Corn)

Week
11/ 1-11/ 7
11/ 8-11/14
11/15-11/21
11/22-11/28
11/29-12/ 5
12/ 6-12/12
12/13-12/19
12/20-12/26
12/27- 1/ 2
1/ 3- 1/ 9
1/10- 1/16
1/17- 1/23
1/24- 1/30
1/31- 2/ 6
2/ 7- 2/13
2/14- 2/20
2/21- 2/29

Precipitation(in) ranking for Illinois for June through August
Rank Year Data Rank Year Data Rank Year Data Rank Year Data
1 1936 5.63
2 1988
6.14
3 1933
6.34
4 1930
6.43
5 1922
6.93
6 1913
7.02
7 1984
7.20
8 1966 7.38
9 1914 7.58 10 1920 7.59
11 1901 7.79
12 1976 8.19
13 1983 8.30 14 1944
8.31
15 1953
8.34
16 1908 8.65
17 1940 8.96 18 1899
9.00
19 1964
9.12
20 1910 9.14
21 1959 9.17
22 1911 9.23
23 1897
9.33
24 1919 9.58
25 1943 9.73
26 1906 9.78
27 1918
9.82
28 1955 9.84
29 1971 9.88
30 1963 10.07
31 1989 10.13
32 1941 10.14
33 1934 10 .16 34 1931 10. 24
35 1927 10.53
36 1923 10.63
37 1925 10. 67
38 1962 10. 79
39 1947 10.81
40 1937 10.86
41 1921 10.86 42 1978 10.95
43 1968 10.96
44 1895 10.97
45 1916 11.01 46 1948 11.08
47 1917 11.12
48 1909 11.16
49 1903 11. 16 50 1952 11.19
51 1967 11. 38
52 1954 11. 40
53 1949 11. 47
54 1956 11. 48
55 1960 11.50 56 1898 11.54
59 1945 11. 72
60 1974 11. 75
57 1986 11. 60 ' 58 1912 11. 62
63 1904 11. 96
64 1929 12. 02
61 1935 11. 81 62 1905 11. 91
67 1975 12. 38
68 1926 12. 66
65 1946 12. 26 66 1961 12. 30
71 1973 12. 89
72 1900 12. 89
69 1980 12. 69
70 1970 12. 73
73 1982 13.00 74 1932 13.02
75 1985 13.05 76 1987 13.11
80 1896 13.51
77 1972 13.22 78 1950 13.30 79 1979 13 . 35
81 1990 13.54
82 1939 13.65 83 1938 13.65 84 1965 13.71
87 1969 14 .15
88 1977 14. 22
85 1957 13. 72
86 1942 13. 89
91 1924 15. 54
92 1907 15. 82
89 1928 14. 40 90 1951 14. 51
93 1958 17.44 94 1902 17.49 95 1981 17.75 96 1915 17.82

Data
16
11
7
1
1
0
0

0
0
0
0
0

0
0
0
1
1

3.

CONCLUSIONS

This system is unique in the way it combines data
collected by the National Weather Service for
operational applications (for flood forecasting, etc.) and
for climate applications (the cooperative climate
network) to provide up-to-date assessments of climatic
conditions. The use of state-of-the-art process models
allows an assessment of the impacts of current climate
conditions on midwestern agriculture.

Figure 2. Soil moisture on September 24, 1990. Values
are deviations from the long-term average in inches.
Values are calculated and displayed for each climate
division.
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THE SOUTHEAST CLIMATE INFORMATION PROCESSING AND RETRIEVAL SYSTEM

J. Purvis, D. J. Smith, S. Sidlow, I. Nwabude, W. Tyler
Southeast Regional Climate Center and South Carolina State Climatology Office
1201 Main Street, Suite 1100
Columbia, SC 29201

II. Prooessirg of Climate IBta

I. Inttoduction

'!he first carp:>nent is the processinj of
hourly, daily, arrl nonthly climate cl::>servations
arrl forecasts obtained f:ran the National
Weather Service, U.S. Geological SW:Vey, U.S.
Forest Service, arrl military/FAA sites on a
real-time basis. '!his infonnation is reoeived
into the Center through a satellite feed f:ran
OONI'EL arrl dial-up with WSI. IBta are injested
into a personal carp.rter arrl processed usinj a
series of FORI'RAN programs to store infonnation
for quick retrieval arrl flcg:Jy disk for
archival.

'!he Southeast Regional Climate Center
(SERCC) began operation in Mardi of 1989 arrl
SeJ:Ves a six state region in the Southeasten1
United states. '!he region includes the States
of Alabana, Florida, Georgia, North carolina,
South carolina, arrl the o:mtorrwealth of
Virginia.

'!he mission of the SERCC focuses on the
perfo:rmance of activities in three functional
areas as determined by Robinson ( 1989) :
1. Services - Provide regional climate
infonnation arrl SeJ:Vices including regional
climate data arrl infonnation to the

Several pr:03r:ams were develq:>eci to
p:re-pr:ooess the data for rapid analysis arrl
retrieval. '!he programs identify a series of
products, such as the hourly state weather
rourrlup, then canbine the observations to
produce a table for dissemination. Shown below
in Table 1 is a summarizinj hourly cl::>servations
for Atlanta, Georgia for Morrlay, octaber 1,

Southeast United states arrl private sector
interests. To provide expertise on climate
issues arrl assistance in regional education
relatinj to climate arrl its illpacts on the
econany.

1990.

2. AoPlied Climate Research - To identify,
p:rcm:>te arrl prioritize ~lied climate
research specific to the Southeast,

m.

including nonitorinj climate ananalies,
perfonnance of climate studies, arrl
enhancem:mt of regional research of climate
illpacts.

Interactive IBta Retrieval

'!he secon:i carp:>nent is an interactive key
entry arrl data retrieval program which operates
on a VAX 8350 to facilitate user requests arrl
needs for climate data. '!his product is menu
driven arrl includes the ability to furnish
detailed arrl summarized climatological
summaries to on-line users arrl staff of the
Center. 'lWo dial-up P'lone lines are maintained
for outside users at 2400 baud. '!his system
harrlles data from the NWS- MAPSO program arrl
generates daily, weekly arrl nonthly climate
sumrnaries usinj real-time arrl archived weather
data as described in Part I of this paper. '!he
South carolina state Climatolcxy Office
developed this menu-based interactive system
an1 it was adapted by the Center for regional
use (Pw:vis, 1990).

3. IBta Management - Coordination of
climate data arrl infonnation for each
member state arrl regional cooperator;
includinj acquisition arrl developnent of
specialized climate databases.

To facilitate the transfer of TNeather arrl
climate infonnation received in the Sart:heast
to users the SERCC has developed a
c:::arcprehensive infonnation prcx:::essinj arrl
retrieval system. '!he system canbines the
technolcxy used in personal computers, arrl
mini-conputers to seI.Ve the user canmunity in
the Southeast. 'lhree different levels of
prcx:::essinj arrl interactive access were
established at the Center to enable rapid
transfer of data arrl infonnation to a wide
variety of users as previously described by
Smith (1989).

A series of menus guides the user through
the directocy structures of the carp.rter arrl
invokes several FORI'RAN programs to facilitate
the retrieval arrl storage of climate data arrl
infonnation.
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'mBlB 1: lbJrly SUrrace a.ervatknl
GEX>R;IA HCURLY WEA'IHER REFORl'S
NATI~ WEA'IHER SERVICE ATIANrA, GA
Em'

~

ocr 1 1990

HCXJR _..CI'IY='-----0100 ATIANrA
0200 ATIANrA
0300 ATIANrA
0400 ATIANrA
0500 ATIANrA

0600 ATIANl'A
0700 ATIANrA
0800 ATIANrA
0900 ATIANrA
1000 ATIANrA
1100 ATIANrA
1200 ATIANrA

SKY/WX
PicrDY
PicrDY

TEMP DE.WPl' RH

M:::>CIDY
M:::>CIDY
M:::>CIDY

66
67
66
64
64
64
65
66
69

z.mtJNNY

71

M:aJNNY

74
79

CIEAR

PicrDY

MX!IDY
PicrDY

M:&JNNY

71

NW8

30.llF
30.lOF
30.lOS
30.09F
30.0SF
30.lOR
30.lOS
30.llR
30.13R
30.15R
30.16R
30.15F

W6
W5
NW3
W5
W7

W6

69 SW7
56 W9

fonnat is shown in Table 2. '!he user• s guide
e.xplains the three stan:1ard data f onnats
established at the Center: 1) NCOC; 2)~I
with data quality flags; am 3)CLicx:M
oarpatible. . F.adl dataset received is converted
into these three f onnats am disseminated upon
request to the user. Data in its original fonn
is kept within the archives.

am

other weather infonnation usin:;J a personal
carplter. '!his system is accessible t.hro.1gh

1200 or 2400 ba\rl oarm.mication.s am has been
used extensively by the general p.iblic to
dialog about weather am climate. A subset of
the real-time forecast am ci:Jserved
infonnation, alon:.;J with weekly climate
sumnaries, spreadsheet terrplates, am Ft>RIRAN
source cxxie for climate ~lication.s is posted
a\ this system.

VI. User

Profiles

am

Nuni>er of Req.Jests

'!he SERCC climate CXITp.lter systems was
designed to facilitate a wide variety of
users. F.adl oarponent of the interactive
system functions both separately am
collectively to ootain this goal. Table 3
describes the 1989-90 user profile.

stamardhed IBtabase

Data proc:essed fran routine weather am
climate observations received at the Center are
stored on magnetic am optical media.
Processed data are subjected to quality control
routines, developed at the Western Regional
Climate Center am the National Climatic Data
Center (N<D:) , am then ardrived as part of the
regional database. '!his database encxmpasses
data fran the National weather Se?:vioe, U.S.
Forest Se?:vioe, u. s. Geological Smvey, u. s.
Department of Agriculture am private sources.

'mBlB 2:

PRES

W7
W7
W7

flags,

'!he third cc:rrponent is a pc-based "bulletin
boal:d" system for users who want to request or

v.

WIND

87
78
81
87
87
87
84
81
77

A stan:1ard format, with CJlality <Xl'ltrol
am a users guide was prepared to
facilitate use of the data. A sanple of this

IV. A CDplnial system far casual Usms

exch.anJe climate data, related programs

62
60
60
60
60
60
60
60
60
61
63
62

'!he SERCC received nearly 500 requests for
regional am national climate data am
infonnation durin:;J the first year of
operation. D.lrin:;J the first four lOOllths of
1990, -we sei:viced 206 pione requests for ·data
am infonnation am 26 requests for data whidl
required carplter am staff time (McBride,
1990).

Famat, Daily weather ~- with
Dlta ()Jality Flags Fl ••• F7

ASC[l

ST STAN YFAR M:> DY

ar 'IMXFl

38
38
38
38
38

08
08
08
08
08

1770
1770
1770
1770
1770

1989
1989
1989
1989
1989

08
08
08
08
08

01
02
03
04
05

90
88
89
89
93

0
0
0
0
0

'IMNF2 'IDBF3 PCmF4 E.VAPF5
71 0
72 0
CYl'O
16 0
69 0 71 0 61 0 16 0

67 0
68 0
66 0

70 0
71 0
72 0

16 0
OR
OR

SNFF6
OR
OR
16 0
OR
22 0
OR
24 0
OR

SNDF7

0 0
0 R
OR
0 R
0 R

ST=state; STAN=station number;ar=time of obsel:vation;'IMX & '.IMN=mixinum am
mininum tarperature;PCFN=precipitation;EVAP=pan evaparation;SNF'=srxJwfall·
SND=snow depth.

'
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3: Pezcent am. cJa es of cli.ma:te users~ infcmnatiai fran the
~far the period July 1, 1989 - June 30,1990.
CI.ASS:

Percent:
CI.ASS:

Percent:

vn:.

Legal

10%
Agriall.ture
8%

Research
15%

En]ineerin;J
13%
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Business
12%
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10%
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20%
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A SYSTEM FOR ASSESSING CLIMATE DATA IN THE HIGH PLAINS REGION

Kenneth G. Hubbard
University of Nebraska
Lincoln, Nebraska

1.

INTRODUCTION

The High Plains Climate Center (HPCC) was
established in 1987 and is one of six centers
providing coverage of the continental U.S. HPCC
is located. at the University of Nebraska in
Lincoln. HPCC's mission is to carry out applied
climate studies to aid in the development of
improved climate products for use in an array of
climate services,
including data collection,
analysis, and dissemination in the HPCC region.
This paper describes the Local Area Network (LAN)
used by the HPCC to provide near real time
climate services.

Regional Climate Centers (RCCs) have been
established in response to the need to improve
climate services at the local,
state,
and
regional levels (Changnon et al., 1990). One of
the fundamental challenges for RCCs is to advance
the provision of climate information for the
nation's economic,
governmental,
and social
sectors.
Several
major
requirements
must
be
addressed in order to improve climate services.
One requirement is an adequate data collection
system in terms of number of variables measured,
sampling frequency,
and timeliness of data
transferal and receipt. A second requirement is
the need for sufficient quality control and
analyses procedures.
This requirement demands
that accurate data be available for use in
summaries and products and that the content of
these be keyed to the needs of decision makers
and resource managers in the targeted sector of
the economy. In many cases, applied research is
needed to develop models and other technological
tools for the purpose of relating the current
climate situation to the area of interest
(agriculture, water resources, energy, transportation, recreation, etc.).
Another requirement is adequate technology to deliver the
summaries and products in a timely manner.

2.

DATA COLLECTION SYSTEM

Automated weather stations are maintained
at 85 locations in the seven-state region (CO,
IA, KS, ND, NE, SD, and WY).
These stations
collect hourly data for variables known to be of
importance to agricultural crop and livestock
production,
including
air
temperature
and
humidity, soil temperature, precipitation, wind
speed and direction, and solar radiation.
A
computer in the LAN calls each station beginning
at 1 A.M. The data for the previous 24 hours is
downloaded, quality controlled, and archived for
use by the HPCC system.
Software and system
components have been documented for this system
(Hubbard et al., 1990).
The NWS Domestic data is also collected
by a computer on the LAN.

The use of electronic equipment to
automate the collection of measurements from
weather-related sensors at remote sites has
brought about a change in the ability to collect
weather data (Hubbard et al., 1983).
This
advance in the field of data collection has found
its way into the National Weather Service program
of modernization,
as more
than 1000 ASOS
(Automated Surface Observing System) weather
stations will be installed over the next few
years (ASOS, 1988).

3.

WEATHER DELIVERY SYSTEM

Another computer in the LAN houses the
system called WEATHER (Weather Effects Analyzer
for Tracking Heat, Evaporation and Rainfall).
WEATHER is housed on PC-compatible equipment and
uses RBBS public domain software.
Users inside
the University's Institute of Agricultural and
Natural Resources (IANR) can gain access through
the campus-wide token ring network.
For locations outside of IANR, user access is provided
through dial-up communication or support of FTP
query on a mainframe.
WEATHER currently has
about 300 users.

Communication and computer technology
have greatly increased the ability of climatologists to monitor and disseminate the important
characteristics of climate.
RCCs are institutions that engage in such applied research as is
necessary to improve climate products.
For
example, models that use near-real time climate
data to estimate the effect of precipitation
(both timing and amount) on current soil moisture
have been developed (Robinson and Hubbard, 1990).

In addition to the computers that perform
data collection and allow direct user access,
there are also workstations for CLICOM, McCIDAS,
and Compact Disk applications.
Other work
stations are available for HPCC personnel to
access the LAN for service and research purposes.
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5.1

GIS AS AN INTEGRATIVE TOOL IN EARTH SYSTEM SCIENCE RESEARCH
D.A. Miller·, B. Yarnal# and G.W. Petersen*
The Pennsylvania State University
*Office for Remote Sensing of Earth Resources,
Environmental Resources Research Institute
'Department of Geography and
Earth System Science Center

1.

INTRODUCTION
Most earth science research is conducted from the
traditional perspectives of the individual earth science
disciplines, such as geology, geography and meteorology.
But with the growing recognition of human-induced global
change and the problems associated with it, the earth
science community has finally acknowledged what it has
always known: the earth is a complex system of interrelated
processes occurring at varying spatial and temporal scales.
This admission has resulted in the erosion of conventional
disciplinary boundaries and the emergence of a new
composite field. Earth system science (NASA, 1988) seeks
to gain a deeper understanding of earth processes through
integrated, interdisciplinary study.
The integration of traditionally separate disciplines
provides a unique challenge, but also unique opportunities.
NASA's Earth Observation System (Eos) program, part of
their "Mission to Planet Earth," seeks a unified and
systematic understanding of the planetary environment. As
a part of the Eos program, Penn State's Earth System
Science Center has developed an interdisciplinary research
agenda focusing on the global hydrologic cycle. This
program is due to begin officially January 1, 1991. It aims
to: 1) balance observation, theory, and modeling to
document changes in the hydrologic system; 2) study
controlling processes; and 3) develop, integrate, and refine
predictive models of these processes (Barron, 1990). This
paper focuses on the promise of geographic information
system (GIS) technology to integrate interdisciplinary
research in the earth sciences within the context of the Penn
State Eos project.

directly from data layers residing in the GIS. Surface-based
monitoring programs or remotely-sensed scenes form the
basis of these layers. Typical layers include soils,
topography, hydrography, and land cover. The second way
to get data is to use the analytical functions of the GIS to
derive associated hydrologic pa.ra...-neters from individual or
combined base layers. For instance, land-cover data can be
used with topography to derive runoff-curve numbers.
On the regional scale, GIS will act similarly as a
focal point for observation and modeling. Hydrologic
modeling, empirical synoptic-climatological studies, and
mesoscale meteorological modeling for the Susquehanna
River Basin will all make use of the GIS, resulting in the
development of important interactions between these
studies.
Global-scale modeling also will benefit from
the proposed hierarchical GIS. The coarse resolution of
current global circulation models fails to account for
significant local and regional variability in subgrid-scale
processes.
The GIS structure will simplify the simultaneous
problems of "scaling up" from smaller scales to the global
scale and of "scaling down" from the global to regional and
local scales (Figure 2). Research on scale problems, both
with existing spatial statistical approaches and with the
development of new mathematical tools, should improve
our ability to model earth processes at all scales and to link
scale-dependent processes. For example, in the GIS, localscale hydrologic models will be linked to differing scales of
atmospheric models. Output from a microclimatic model,
which includes important elements of the biosphere,
pedosphere, atmosphere and hydrosphere, will provide
important initialization parameters for the hydrologic
models. Local hydrology will provide initial conditions for
the mesoscale meteorological model. The mesoscale
meteorological model, in turn, has important linkages to
regional-scale hydrologic activity and the global-scale
atmospheric circulation. Thus, we view GIS technology as
integral to solving the difficult problem of "translating
across scales."
In summary, the utility of the GIS lies in the data
collection, management, and analysis services not normally
provided by models. The ability of the GIS to modify input
and output parameters easily aids model refinement. The
GIS will be used to address scale-linkage problems. "Whatif" scenarios, sensitivity analyses, and model-performance
statistics will benefit from the use of the GIS. In the
following, we discuss two GIS structures under construction
for these purposes.

2.

GIS AND THE MODEL HIERARCHY
A GIS is an internally referenced, computer-based
spatial information system designed for data management,
mapping, and analysis (Berry, 1987). GIS provides the link
between qualitative or quantitative information and its
location in space relative to some reference system. With
these functional properties, GIS brings utility and
integrative potential to the modeling of earth system
processes and the multi-scale nesting of these models.
Examples follow that show the envisioned interaction of
models currently used or under development as part of the
Penn State Eos research program (Figure 1).
The
assimilation of remotely-sensed data into these models is a
key feature of this program (Figure 2).
Local-scale hydrologic modeling is an excelle
example of a GIS application in earth system science.
Using a GIS, there are two ways to acquire input
parameters for event-based hydrologic-process models
(Evans and Miller, 1988; 1989). First, they can be obtained
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Model Hierarchy
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Figure 1. Hierarchy of models used in an integrated study of the global hydrologic cycle (Barron,
1990).
3.

to develop synergistic ties between modeling efforts from
different disciplines.
Hydrologic modeling of the
Susquehanna River Basin will rely on input parameters
from a regional-scale (1 :250,000) GIS also currently in
development. This will have layers similar to those
discussed above for the Mahantango Creek Watershed GIS.
An important function for this GIS will be to serve as an
interface between the PSU/NCAR mesoscale model and the
regional hydrologic-modeling effort. Data products from
the mesoscale model, such as precipitation rate, surface
moisture flux, and surface heat flux, will provide
initialization conditions for a lumped-parameter model of
the hydrologic responses of the basin on an event, monthly,
anct year1y basis. The relationsh1ps between the detailed,
distributed parameterization on the local-scale (i.e.,
Mahantango Creek) and the lumped parameterization on the
regional-scale will be analyzed to determine the effect of
scale on the ability to predict hydrologic response. The
GIS will provide an environment for developing the
analytical techniques for discovering and explaining these
relationships.

CURRENT GIS DEVELOPMENT

As a part of the Penn State Eos effort, GIS will be
the keystone of local-scale studies, linking observational
and modeling efforts. Multi-sensor airborne campaigns
(MACs) are being conducted on the Mahantango Creek
watershed, a small subunit of the Susquehanna River basin,
as a part of pre-Eos investigations. These will result in
extensive collections of spatial information related to the
watershed. The only feasible way to manage these data
will be through a GIS, which is in the early stages of
development. Remotely-sensed data from the experimental
visible and thennal-infrared scanners employed in the
MACs will be used to develop input parameters, such as
surface temperature and land cover, for the hydrologic and
microclimatologic models. The GIS will maintain these
remotely-sensed data layers, plus additional observed
variables, including soils, topography, hydrography, roads
and boundaries. Other specific information related to MAC
ground studies and managed by the GIS include transect,
rain gauge, and piezometer locations. The GIS will not
only act as a focal point for obtaining model-input data, but
will receive model-output information for spatially
distributed parameters. In this capacity the GIS will serve
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Figure 2. Scale integration within, and interactions among the GIS, modeling activities and
observations in a study of the global hydrologic cycle.
4.

the Earth Sciences. Work Plan for Confirmation as an
Interdisciplinary Investigation, NASA Earth Observing
System. Earth System Science Center, The Pennsylvania
State University, University Park, and Marshall Space
Flight Center, Huntsville, AL.

SUMMARY AND DISCUSSION

The NASA-sponsored Eos project at Penn State
presents a unique opportunity to consolidate research on the
hydrologic cycle into an interdisciplinary research program.
Successful synthesis of the components of the hydrologic
cycle will rely on the development of a GIS. The GIS will
serve as the hub of Eos activities, with data flowing both to
and from the GIS, and to and from the investigators.
Through this linkage, the GIS will promote and enhance the
interaction of researchers separated by traditional
disciplinary boundaries.
The GIS will fulfill a central role in the research
program by providing both data management tools and
integrative functions linking observation and models at
many spatial and temporal scales. The massive amounts of
information expected from the Eos platforms, plus ancillary
data derived from other sources, require the unique spatialdata management capabilities of GIS. Ongoing research in
artificial intelligence, knowledge engineering and GIS will
' strengthen these tools as the research program develops.
Ultimately this multi-scale, hierarchical GIS will integrate
hydrologic research efforts ranging from first-order
watershed through basin-scale studies.
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1.

other divisions' or other bureaus' offices.
During the transition period from DIS to
DIS-II, and for as long as there are DIS
minicomputers, the LANs and national networks
will enable computer communications between the
DIS minicomputers and the DIS-II workstations.

INTRODUCTION

The purpose of this paper is to trace
briefly the history and development of
distributed computer technology in the
U.S. Geological Survey (USGS) that preceded the
planned Distributed Information System II
(DIS-II) and to document the process by which
DIS-II is to be implemented. This paper should
be useful to any organization intending to
distribute its computing to local offices.

2.

MISSION OF THE USGS

Extensive use of computer technology
has enabled the USGS to continue to achieve its
goals and mission objectives. The USGS was
established by an act of Congress in 1879 to
provide a permanent Federal agency to conduct
the systematic and scientific "classification
of the public lands, and examination of the
geological structure, mineral resources, and
products of the national domain."

The U.S. Geological Survey (USGS) has
rapidly expanding requirements for computing,
including data-base management, scientific
interpretation and simulation, electronic
report processing, administrative processing,
and geographic information systems. The DIS-II
provides the computer technology to meet most
of the needs of USGS scientists in the 1990s.
DIS-II will replace the 1980s-vintage
Distributed Information System (DIS)
minicomputer systems and is scheduled for
initial implementation in 1991.

The mission of the USGS is to provide
geologic, topographic, and hydrologic
information that contributes to the wise
management of the Nation's natural resources
and that promotes the health, safety, and
well-.b eing of the people. This information
consists of maps, data bases, and
descriptions and analyses of water, energy,
and mineral resources, land surface,
underlying geologic structure, and dynamic
processes of the Earth.

DIS-II consists of a network of
advanced workstations (32-bit microcomputers),
appropriate software, and local area networks
(LANs) for office telecommunications. Each
workstation is a fast and powerful desktop
computer that provides a high-resolution
graphic monitor and enough software, hardware,
and peripheral devices to allow a worker to
perform most advanced tasks at the individual
station. The LAN is an office-based
telecommunications network, commonly consisting
of copper coaxial cable and other hardware,
that allows many computers and other devices to
be connected to each other. Shared services
such as file servers and printers, are accessed
through the LANs.

--Goals of the U.S. Geological
Survey, Circular 1010
As the Nation's largest earth-science
research agency, the USGS maintains a long
trad i tion of providing accurate and impartial
information to all. The 10,000 employees of
the USGS make extensive use of appropriate
computer technology to meet the mission.
Data exchange is an important part of
the mission of the USGS. Some of the Federal
agencies with whom the USGS deals extensively
include the Corps of Engineers, the Department
of Agriculture (U.S. Forest Service, Soil
Conservation Service), the Department of
Commerce (the National Weather Service), the
Department of Energy, the Department of the
Interior (Bureau of Indian Affairs, Bureau of
Reclamation, Fish and Wildlife Service,
Minerals Management Service), the Environmental
Protection ' Agency, the National Aeronautics and
Space Administration, and the National Science
Foundation. Computer facilities that enable
data and information to be exchanged between
USGS divisions as well as with local, State,
and Federal agencies are vital to this
objective.

DIS-II has been defined and developed
so that all divisions of the USGS and other
bureaus of the Department of the Interior (DOI)
can procure, use, and interconnect the
technology.
As planned for implementation by the
USGS, each major office will have its own group
of DIS-II workstations and supporting devices,
which are powerful enough to allow that office
to do most of its work on site. Offices
without DIS-II will be able to use other
appropriate computer technology to communicate
with the nearest DIS-II workstation. A user at
one workstation will execute a simple command
to connect and use a remote workstation, or
collection of workstations, which could be in
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The USGS cooperates with many local,
State, and Federal agencies in the collection,
analysis, and reporting of information on the
quantity and quality of the Nation's water
resources. More than 1,000 cooperating
agencies were active with the USGS in 1989.

accessibility to all software by all users.
Most users require many different functions,
such as scientific programming, statistical
analysis, data base processing, word
processing, graphics generation, and electronic
mail.

The Water Resources Division (WRD) of
the USGS has the principal responsibility
within the Federal government for providing
hydrologic information and for appraising the
Nation's water resources. In order to fulfill
this responsibility efficiently, WRD has a
specific need to distribute its computing
capabilities to many offices around the
country. The DIS network design and management
structure follows the organization. WRD is
divided into 4 Regions and more than 40
Districts. The technical design, operation,
and management of the DIS and DIS-II are
organizationally in WRD.

Demand for computing resources has
evolved more quickly than minicomputer
technology could accommodate. While the number
of employees has remained relatively constant,
most employees have become active users,
requiring more and more resource units per
person. New earth-science applications using
GIS and visualization have significantly
increased demand. Two-dimensional and threedimensional hydrologic models have many more
nodal points per model.
As shortages in computer resources
developed, individual offices acquired a total
of approximately 1,000 microcomputers. These
supplemental computers supported qualitatively
improved products. These personal computers
have provided inexpensive, flexible, easy-touse, off-the-shelf software that meet user
requirements for generation of small data
bases, word processing, presentation graphics,
and the use of spread sheets.

More than 4,000 employees in WRD use
DIS computers at more than 200 locations.
These employees and offices are located
throughout the United States and Territories,
including at least one office in each State.
WRD maintains major data bases of
hydrologic information. The National Water
Data Storage and Retrieval System (WATSTORE),
the National Water Data Exchange (NAWDEX), and
the New State Water-Use Data System (NEWSWUDS)
data bases evolved from the mid-1960s through
the 1980s in a batch environment using
centralized USGS general purpose computers.
With the implementation of distributed
processing, much data processing and scientific
computer activity was moved from centralized to
local processing.

3.

4.

CURRENT TELECOMMUNICATIONS

A DIS telecommunications network was
established in the USGS in 1983 (figure 1).
The DIS network was expanded for use by other
computers and became known as GEONET. GEONET
is primarily a packet-switched network using
the X.25 networking protocol. It is managed by
the USGS, and its users include the USGS and
several other bureaus of the DOI.

CURRENT DATA PROCESSING AND COMPUTERS

GEONET connects computers in all but
the smallest offices. Users in small offices
can dial into GEONET or into the computers
along the network. Accessing GEONET provides
access to many other large national and
international networks, including, among
others, the popular INTERNET, BITNET, and
NSFNET networks.

DIS consists of 55 geographically
distributed, general-purpose minicomputers
which were acquired competitively from Prime
Computer, Inc.*, beginning in 1982. Hardware
for the Primes includes central processors,
memory, magnetic disk drives and tape drives,
monochrome and graphic terminals, line
printers, card readers, digitizers and
plotters, and telecommunications ports. System
software includes the PRIMOS operating system,
FORTRAN, and telecommunications. Proprietary
applications software includes INFO, ARC/INFO,
P-STAT, SAS, TELAGRAF, CUECHART, DISSPLA,
20120, and WordMarc. Major applications
designed and written by WRD are EDOC electronic
mail, the National Water Information System
(NWIS), and the Administrative and Financial
Management System (AFiMS).

DIS traffic volume on GEONET averaged
approximately 1.5 billion characters per month
between 1984 and 1987. Since then, its use has
steadily increased, reaching a monthly volume
of over 3 billion characters in 1990. Using
X.25 packet-switched technology, messages from
many users are transmitted on the same
communications line. Distributed switching
sites are connected to each other using
dedicated circuits, and each office that has a
system connects into the nearest switching
site. This configuration minimizes the total
length of communications lines, and provides
least-cost telecommunications.

The DIS has steadily grown in capacity.
The 55 DIS systems are considered robust
minicomputers, averaging 22 megabytes of main
memory, 3.67 GB of disk storage, and a central
processor with an average rating of 7.4
millions of instructions per second (MIPS).
On some of the machines, daily peak activity
easily reaches 75 simultaneous users.

The DIS traffic on GEONET consists
primarily of file transfers between computers,
including a large amount of electronic mail.
It also includes distribution of systems
programs, configurations, and supportive files
for the purpose of managing and synchronizing
A significant capability of these
the network and minicomputers themselves.
general-purpose minicomputers is the universal
•use of trade names or trademarks is for identification purposes only and does not constitute endorsement
by the U.S. Geological Survey.
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Figure 1.--Distributed Information System with GEONET switches and links

OTHER
SITES

To accommodate this traffic, · most
network lines support a frequency bandwidth of
9600 bits per second (bps), or 9.6 Kilobits
(Kbps), or 960 characters per second (cps).
WRD offices that do not have computers can
either use a dial-up ·modem to connect to a DIS
computer, or they can use a direct telephone
circuit with multi-channel statistical
multiplexors and modems to connect to
appropriate minicomputer resources. A typical
site configuration with a remote link is shown
in figure 2.

5.

DIS

MINICOMPUTER
SITE

HISTORY OF DIS

During the 1960s and 1970s, the USGS
followed the economics of computing that
dictated the use of mainframe computers for
large programs such as those required for data
base processing and modeling. However, more
than 90 percent of WRD's computational
workload, from more than 90 percent of WRD's
personnel, originated in locations distant from
the mainframe computers. In 1978, prototype
minicomputers were installed in 3 WRD offices
to evaluate this new technology in the WRD
distributed environment. Subsequently, in
1982, as minicomputers became practical and
affordable, minicomputers, software, and
telecommunications devices were acquired for
use throughout WRD. This collection of
resources became known as the Distributed
Information System (DIS) and was managed by a
DIS Program Office (DIS PO).

MULTIPLEXOR
MODEM

DEDICATED CIRCUIT

MODEM
MULTIPLEXOR

DIS

REMOTE
SITE
TERMINALS AND PRINTERS

Figure 2.--Configuration of telecommunications
at typical DIS site, with remote-site link
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areas of activity. Thirty-five representatives
were chosen from throughout the organization.
In October, 1987, users were asked what kinds
of functions were required for the 1990s. The
work groups identified 42 functions and
described their functional requirements for
1988, 1992, and 1997 in an extensive document,
"Functional Requirements of Computer Systems
for the U.S. Geological Survey, Water Resource~
Division, 1988-97."

During 1982 through 1988, the DIS PO
coordinated the acquisition and installation of
71 minicomputers in WRD offices across the
country. This successful acquisition was used
as a model by the Deneral Accounting Office in
their development of "A Model to Help Managers
Decrease Acquisition Risks."
DIS computers were connected by a
telecommunications wide area network (WAN) that
allowed information to be shared among the
computers. Each user could access all
computers in the network. This continues to be
the implemented network of the DIS. Beginning
in 1989, the DIS was consolidated to 55
computers by retiring the smallest of the older
(1982-vintage) ones and upgrading some of the
larger ones.

6.

The work groups identified several
significant areas of computational need. These
include data-base management, scientific
interpretation and simulation, electronic
report processing, administrative processing,
and geographic information systems.
Data-base management accounts for a
large part of the computational workload of the
USGS, because hydrologic data are collected in
all 50 States, Puerto Rico, and the Pacific
Islands Trust Territory. Stream stage is
measured at about 7,000 locations, water levels
are measured in about 35,000 wells, water
quality is sampled at over 14,000 locations,
and water-use data are collected throughout the
Nation. All of these types of data are stored
in computerized data bases.

ASSESSING THE NEED FOR A NEW DIS

In the spring of 1987, a meeting of
WRD's Regional Computer Specialists and the DIS
Technical Advisory Committe~ was held in
Portland, Oregon. Everyone at that meeting
agreed that the DIS technology would be unable
to meet WRD's computing needs in both the nearand long-term future. In preliminary
discussions it became clear that continued
enhancement of the DIS technology would not be
a satisfactory solution to provide sufficient
resources.

Scientific interpretation and
simulation make up another large part of the
computer workload. Large-scale simulations of
hydraulic systems, aided by statistical
analyses and geographic information systems,
are used to predict the movement of water and
contaminants both in surface and ground water,
and to evaluate water resources relative to
environmental features.

New technology, qualitatively
different, and a lot of it, would be required
for the future. Because this new technology
would be serving the same constituency and the
agency's mission was fundamentally unchanged,
the collection of new technology was designated
as the Distributed Information System II, or
DIS- I I.

Electronic report processing,
electronic mail, and administrative activities
also account for a significant part of the
computer workload. Large manuscripts are
entered, stored, edited, and processed on DIS
minicomputers. Each employee and office using
the DIS has an official electronic mailing
address. A piece of mail can be delivered in a
matter of seconds, and the average cost of each
piece of mail is well under a nickel. Much of
the financial and administrative management of
projects is conducted over GEONET.

The need for computer resources in WRD
was accelerating, and technology and the vendor
community were changing rapidly. It was
decided that the system life cycle of the
DIS-II procurement should be relatively short.
To have it too long would be to lose the
opportunity to take advantage of emerging
technology (and emerging vendors, if
appropriate). That is, a long system life
cycle would increase the probability of having
obsolete technology toward the end of that
cycle. Hence, a 7-year life cycle was chosen,
with 4 years for actual procurement followed by
3 additional years of operation and
maintenance. There would then be a DIS-III, a
DIS-IV, and so on, moving from one to the next
with relatively short, planned transitions.

Computers support the rapidly growing
number of Geographic Information System (GIS)
projects to analyze, interpret, and spatially
represent earth-science data. As a specific
goal, the USGS states that it wishes to
"develop and maintain geographic information
systems to satisfy national needs for the
analysis and display of earth-science data from
various sources." GIS is computer-intensive
and includes data automation and manipulation,
data base management, application and analysis,
output and reports. The need to assess and use
large data bases, known as GIS layers, has
exceeded the capacity of older disk systems.

In the summer or 1987, WRD's senior
management was briefed, and it concurred that
action was necessary. The senior staff further
concurred with the recommendations that
functional work groups be formed and that users
define what might be needed in the future. It
was decided that the DIS-II could and should be
available to all offices of the USGS and that
options for purchases by other bureaus of the
DOI should be included.
7.

8.

TECHNICAL SPECIFICATIONS

The functional requirements for DIS-II
were translated into technical specifications.
A requirements analysis and a benefit/cost
analysis were completed. Looking at several
alternative technologies that might be able to

FUNCTIONAL WORK GROUPS

Careful attention was paid to wide
representation of users from several functional
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supercomputers, FTS-2000 and WAN
telecommunications, laptop computers, simple
terminals, windowing X-terminals, and Computer
Assisted Des~g~ (CAD) graphics packages.
DIS-II will use standard communications
software to facilitate computer-to-computer,
person-to-person, office-to-office
communication (figure 3).

satisfy these requirements, the benefit/cost
study indicated conclusively that workstation
technology would be the optimal solution.
Early in the design stage of the DIS-II
development, it was decided that standards
should be used and adopted wherever possible in
the DIS-II computer technology. Operating
systems UNIX and the emerging Government
standard POSIX were selected. The Government
telecommunications standard GOSIP was
specified, and it includes X.25 packet
switching, X.400 electronic mail transport, the
Ethernet LAN standard. Both FORTRAN and C were
selected as common, widely used, programming
languages. Data-base query language, wordprocessing data transfer, graphics, input and
output, and hardware interfaces were among
other areas where standards were specified.

To the extent possible, the DIS-II
workstations will operate within the
heterogeneous environment, allowing other
computers and terminals to interact and take
advantage of the DIS-II technology. Although
the DIS Program Off ice will not directly
support, diagnose, or fix a user's non-DIS or
non-DIS-II computer, it will help that user to
connect into and use the DIS and DIS-II
systems.

On the basis of advanced workstation
technology and LANs, DIS-II will provide a new
generation of computer hardware and software.
DIS-II workstations are powerful desktop
computers with high-resolution graphics
monitors, a variety of software, and peripheral
devices. Although most of a user's work can be
performed on his/her workstation, there is a
need to share information, equipment, and
programs among all the workstations in an
office. Accordingly, the workstations in an
office are interconnected by a LAN, which is an
office-based telecommunications network.
Sophisticated software allows the
interconnected workstations to function as a
single system.

OTHER
SITES

DIS-II
WORKSTA T/ON

SITE

A wide range of hardware devices and
software packages are required to satisfy the
functional specifications. Powerful
workstations, memories, high-resolution
monitors, magnetic-and optical-disk drives,
line and Jaser printers, tape drives, scanners,
and Ethernet LANs are among the hardware
specified. Software includes the UNIX
operating system, FORTRAN and C languages, and
telecommunications software for LANs and WANs .
Applications packages include a relational data
base management system, statistics routines,
spread sheets, electronic report processing,
interactive graphics, a graphics subroutine
library, and a GIS. The electronic mail will
at first conform to the prevalent SMTP (Simple
Mail Transmission Protocol) and later to X.400.
User interfaces will be built around the
X-WINDOWS standard for screen formats and
inter-computer screen transmissions. These
devices, collectively, will enable users to do
the exceedingly diverse set of tasks that are
required by the modern worker.
The USGS operates in a heterogeneous
computer environment which has existed and is
assumed to continue to exist for the life of
the DIS-II. The DIS-II is intended to provide
desktop computing for most of the large and
general computer needs of the USGS. The
largest computationally intensive tasks are
left for supercomputers. The largest bureau
data-base archives and applications will reside
on suitably-sized mainframe computers. Special
resources to interact with DIS-II will be
accessed through separate agreements and
acquisitions, once the DIS-II is implemented:
Examples of special resources include

I

GATEWAY

TERMINALS

MODEM

DEDICATED CIRCUIT

MODEM

DIS-II
REMOTE
SITE

GATEWAY

LOCAL AREA
NETWORK

0
TERMINAL SERVER

I

TERMINALS

Figure 3.--Configuration of telecommunications
at typical DIS-II Site, with a remote-site link
Each office will have its own
collection of DIS-II workstations and
supporting devices, which will be powerful
enough to allow that office to do most of its
work on sjte, and which will be known
collectively as a "DIS-II system." DIS-I I
systems can be configured to meet the needs of
any office of any size.
Identical programs and data structures
can be used on each DIS-II system, so one
office can develop a program for use by all.
Offices will be able to share data when working
on problems of regional or national scope. A
common software library, nationally maintained,
will be available for software sharing.
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9.

to the main office by a dedicated telephone
circuit (figure 3).

DIS-II TELECOMMUNICATIONS

With suitable security restrictions,
the WAN, GEONET, used for DIS will also connect
all offices using DIS-II. Using a combination
of X.25 packet switching, internet protocol
(IP) routing devices, and future GOSIPcompliant software, a user of any DIS-II system
will be able to connect to any other DIS-II
system. A user on one system will execute a
simple command to connect to another system.
The user will then be able to use the remote
system.

11.

DlS-II is scheduled for initial
implementation in 1991. All locations in
DIS-I I wil 1 be able to communicate with all
minicomputers of the DIS until those
minicomputers are slowly phased out. Phasingout most of the old systems will take 3 years.
Depending upon the date of first deliveries,
planned for 1991, early DIS-II systems should
be linked to the network in 1991, training
should take place in 1991-1993, and DIS-II
should be in all major offices and most small
offices by 1993.

While both DIS and DIS-II are
operational, the LANs will also enable computer
communications between the DIS minicomputers
and the DIS-II workstations. In many offices
throughout the USGS, early training has already
taken place regarding LANs and their use for
connecting to the minicomputers and the
workstations. In a test run by Richard Hollway
and Denise Wiltshire of the USGS at the
WRD-sponsored National Computer Technology
Meeting in 1988, LAN and WAN communications of
microcomputer applications programs and data
were studied. Experiments led to improved
procedures for connecting applications
operating in a heterogeneous environment.

The phasing of the actual systems for
particular offices will depend upon many
factors, one of which will be the funding
levels available during the 4 years of
acquisition. Each office manager is
responsible for allocating money for DIS-II,
year by year, as appropriate. It is expected
that the acquisitions will turn out to be
somewhat evenly distributed over the years of
acquisition, whereby offices will acquire
significant amounts of DIS-II technology (such
as 25 percent) each year.

For large offices with over 100
employees, the LAN will probably be broken into
several segments. Customized for each case,
segments will be configured to serve
approximately 10 to 20 people, depending on the
functions of the office section, the volume of
activity, and the amount of disk storage
required. Traffic on each segment will be
transmitted beyond the segment to the LAN main
(backbone) circuit only if required.
10.

SCHEDULE

The DIS~II agreements will include
optional quantities by which other bureaus of
the DOI can immediately acquire systems along
the same schedule. The 20-percent option
available to other bureaus is expected to be
used steadily over the life of the DIS-II.
12.

IMPLEMENTATION STRATEGY AND TRAINING

Several offices have been designated as
"pioneer sites." These sites will the be first
to receive DIS-II systems and will work closely
with the DIS PO. A Planning and Implementation
Committee (PIC) has been established to monitor
implementation and to develop procedures for
smooth implementation at remaining locations.

DIS-II CONFIGURATIONS

Once contracts are signed offering
DIS.II hardware, software, and
telecommunications, each office or section of
an office will be able to select the particular
DIS-II items suitable for its needs. That is,
there will be no set configuration that each
office must obtain. As an example, an
electronic reports section that has six persons
might require a large file server and six
workstations and several laser printers, along
with the appropriate software and LAN hardware
and software.
A large office might have its LAN
broken into segments such that subject-matter
groupings would be on particular segments. For
instance, the several GIS users might have a
large file for spatial data to be shared on a
single segment. The reports unit might be on
another segment with a file server full of
manuscripts. Database managers could use
another segment that held most point-specific
hydrologic data . The administrative and
financial personnel might have their own
segment. All of these could pass information,
as required, through the LAN backbone and,
beyond the LAN, to GEONET .

Guidelines and consultation will be
available for all offices on LAN, hardware,
software, and site analysis; the migration of
applications; and training. As in the DIS
implementation in the early 1980s, government
trainers will visit sites in the early stages
of DIS-II. The pioneer sites will be regional
focal points.
A DIS-11 Training Coordinator has been
designated for the purpose of coordinating
vendor-supplied and Government-developed
training. Although it is estimated that a DIS
computer-literate user could begin to use
DIS-II productively within a day or two of
receiving training, it will require significant
and careful training for the experienced user
to learn new applications software in any
depth. Training will be given at many field
sites as well at the USGS National Training
Center in Lakewood, Colorado.
Most larger offices have DIS system
administrators, and these personnel will be
trained to train the local staff. That is, a
methodology of train-the-trainer will be in

A small WRD field office might have
only one or two DIS-II workstations on a single
LAN that might not have a separate file server.
This LAN at the small office would be connected
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UNIX's simple mail system will be
available immediately. However, it will not
satisfy some of the routing and office
requirements of the USGS, and the DIS Program
Office will coordinate the design of a
customized electronic mail system (EDOC) that
will include capabilities for both text and
graphics. For the first 2-3 years, connections
between the minicomputers, the DIS-II
workstations, and other remote sites will use
Simple Mail Transmission Protocol (SMTP).
Later, when X.400 becomes integral to reliable,
widely-used production-quality products, it
will be integrated with EDOC.

place. User support will consist of DIS PO
support as well as field personnel who will
support particular aspects of DIS-II. For
example, the relational data base management
system (RDBMS) software might be supported by a
computer specialist in New Mexico while spread
sheets may be handled by a professional in
Oregon.

13.

MIGRATION OF FUNCTIONS

Large data-base applications will
require 11 to Ill years to redesign and move to
the DIS-II environment. These applications, to
be developed by the USGS, rely on specific
vendor-supplied software packages. These
applications cannot be completed until after
the vendor(s) is(are) known, because no one
will know what commercial products will be
available before that time.

GIS applications and spatial data bases
will be moved from the minicomputers as soon as
GIS software is procured for the DIS-II
workstations. GIS has required a large portion
of minicomputer resources, and the highresolution monitors specified for DIS-II are
particularly well suited for GIS.

The National Water Information
System II (NWIS-II) is scheduled for initial
implementation in late 1992 or early 1993.
The Administrative Information System (AIS) is
scheduled for a release in a similar period.
Both efforts require new software design,
programming, and testing, going through all the
steps of software development and quality
control. The Government is doing all of this
software development in-house with existing
staff. Some staff that normally is in one of
the many offices away from the NWIS-II and AIS
offices will receive temporary assignments to
move to the USGS National Headquarters in
Reston, Virginia for the duration of the
development cycle.

14.

MANAGEMENT

Lead responsibility for DIS-II will
rest with the USGS. Staff within the USGS
Information Systems Division will coordinate
DIS-II contract administration among USGS
divisions and with other bureaus of DOI. The
DOI's Office of Information Resources
Management will help the USGS to coordinate
inter-bureau use of DIS-II.
Technical integration, installation,
operations, and maintenance of DIS-II will be
handled by the Distributed Information System
Program Office (DIS PO). The DIS PO is
responsible for the design, acquisition,
installation, enhancement, documentation, and
maintenance of all systems software, hardware,
and LAN and WAN telecommunications, for both
the DIS and the DIS-II. The DIS Systems
Programming Unit is responsible for the
coordinating, developing, and downloading of
operating systems; telecommunications systems,
compilers, and system utilities; evaluating,
selecting, installing, and monitoring the
efficiency of all hardware systems; and
administering systems contracts. The
Applications Assistance Unit is responsible for
acquiring, creating, supporting, and
disseminating graphics, statistical, modeling,
and other software systems of national scope,
utility, or importance; developing,
maintaining, and training system users in the
effective use of supported spatial and
relational data base management system; and
administering applications software contracts.

Converting models from the DIS
minicomputers to the UNIX-based DIS-II
workstation should be relatively easy. Many
models have been written specifically to allow
rapid conversion from one computer to another.
In fact, many models have already been run in
the UNIX environment. Moving these
applications to the DIS-II should relieve
stress on the minicomputers, because models
consume a great amount of the processing power
of the minicomputer, thus slowing other
applications sharing that computer. Hence,
removing models should produce improved
performance in other minicomputer applications.
Report processing will be moved early
from word processors and DIS minicomputers.
Text and graphics for electronic reports
processing will be available, and manuscript
preparation should be an early DIS-II
application. Powerful, off-the-shelf packages
will come with DIS-II, and the reportsprocessing functionality will be significantly
more powerful and have many more functions than
what has been available with DIS. It has been
observed that more than a 20 percent reduction
in report length may result from electronic
reports with their proportional spacing and
other layout capabilities on an advanced
workstation. With proper training of authors,
reviewers, and editorial units, the hardware
and software will provide the physical
capability of quickly arranging, designing, and
completing the illustrations and text in
reports.

15.

SUMMARY AND CONCLUSION

The development and implementation of
DIS-II represents a major commitment to
advanced computer technology as a tool for
scientific research and investigation in the
1990s. The DIS-II will be a modular collection
of hardware, software, and telecommunications
components that will be available to all
off ices of the USGS and other bureaus of the
DOI. The USGS will have overall responsibility
for DIS-II, and the DIS Program Office will
have technical responsibility for the technical
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coordination of all aspects of the widely
distributed system.

Gilbert, B.K., and Mann, W.B. IV, 1989,
Federal State Cooperative Water Resources
Program, Fiscal Year 1989,
U.S. Geological Survey Open-File Report
90-353, 49 p.

Qualitatively improved computer
technology, faster and more powerful, will
allow DIS-II to satisfy the growing demands of
users whose chief applications are data-base
management, scientific interpretation and
simulation, electronic report processing,
administrative processing, and geographic
information systems. Scientific workstations
similar to those of DIS-II are found in
universities, in other scientific
organizations, and in many Government agencies.

Hathaway, R.M., and McNellis, J.M., 1989,
Functional Requirements of Computer
Systems for the U.S. Geological Survey,
Water Resources Division, U.S. Geological
Survey Open-File Report 89-274, 66 p.
Holloway, R.A., and Wiltshire, D.A., 1989,
Selected Papers in the Applied Computer
Sciences 1988

Using electronic mail and an extensive
telecommunications network, DIS-II will have
access to GEONET, INTERNET, BITNET, and NSFNET,
among others, and will allow users to
communicate with Government, private, and
university computers and personnel.

Information Technology: A model to help
managers decrease acquisition risks,
GAO/IMTEC 8. 1.6., United States
Government Accounting Office, August 1990

DIS-II should be fully operational,
with all major applications installed, in 1993.
An extensive training program is planned for
all WRD employees. DIS-II will allow employees
to perform most advanced tasks at individual
workstations. Most offices, therefore, will be
able to do most work on site. During the
transition period between DIS and DIS-II,
communications technology will allow
interaction between the DIS minicomputers and
the DIS-II workstations.

KaJ1111erer, J.C., WRD Data Book, June, 1989
Longwill, S., McNellis, J., and Posson, D.A.
Feasibility Study for Distributed
Minicomputers, U.S. Geological Survey
Open-File Report 80-326, 68 p.
Posson, D.R., Nethaway, Jr. C.D., and
Harbaugh, A.W., U.S. Geological Survey
Design and implementation of a nationwide
distributed information system,
Proceedings of National Prime Users Group
Conference, Volume II, pp: 521-542, 1985
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5.4

DESIGN OF A NATIONAL WATER INFORMATION SYSTEM
BY THE U.S. GEOLOGICAL SURVEY
Thomas H. Yorke and Owen 0. Williams
U.S. Geological Survey
Reston, Virginia
1.

base and processing system will be distributed across the
Nation on 32-bit microcomputers. There will be a national
archive maintain'ed in Reston, Virginia or an efficient
automatic polling capability for retrieving data from multiple nodes of the network.

INTRODUCTION

The mission of the Water Resources Division of the
U.S. Geological Survey (USGS) is to appraise the Nation's
water resources and to provide the hydrologic information
needed for managing these resources. The Division collects
data on a systematic basis to determine the quantity, quality,
and use of surface and ground water; conducts waterresources investigations and assessments; conducts basic
and problem-oriented hydrologic research; coordinates the
activities of all Federal agencies in the acquisition of water
data; and disseminates data and the results of investigations.
Information collected, analyzed, and disseminated by the
Division currently is processed on two separate computer
systems comprising more than 14 major data bases. Most of
the current data processing is done on the National Water
Information System I (NWIS-1), which resides on a
national network of minicomputers. Surface-water, groundwater, water-quality, and water-use data are stored at
individual nodes of the network, and a substantial subset is
transferred to the National Water Data Storage and Retrieval
System (WATSTORE) that resides on a mainframe
computer in Reston, Virginia. The mainframe computer also
houses the National Water Data Exchange (NAWDEX),
which contains information on water data available from
the USGS, U.S. Environmental Protection Agency, other
Federal agencies, and State agencies.

The purpose of this paper is to describe the current
systems and the process that will be used in the design and
development of NWIS-II. The role of each major component of the design effort in the overall software life cycle is
emphasized.

2.

CURRENT SYSTEMS

The current hydrologic data management and
processing capability of the USGS consists of three separate
software systems maintained on both a mainframe computer
and a network of minicomputers. WATSTORE and
NAWDEX are housed on a mainframe computer and
NWIS-1 is housed on a network of 54 minicomputers
distributed across the Nation. WATSTORE consists of four
major files and other ancillary files for storing surfacewater, ground-water, and water-quality data. The Daily
Values File, which contains historical data measured daily
or continuously, has information from more than 32,000
sites. Additional data are being added for more than 12,000
sites each year. The Peak Flow File contains historical
annual discharge values for more than 23,000 streamfiow
stations; 10,000 sites currently are in operation. The Water
Quality File contains analyses for more than 300,000 sites,
including 9,900 that currently are in operation. The GroundWater Site Inventory contains geologic and well inventory
data for more than 1,000,000 sites.

The current systems were designed and developed
between 1971 and 1986, and include computer programs
written in several different programming languages. Much
of the code is outdated and difficult to maintain. In particular, it is extremely difficult to update the WATSTORE code
so that functional enhancements and parameters added to
NWIS-1 can be uploaded to the national archive. Another
drawback of the current systems is that data bases are
separate files that reside on different operating systems.
There is a station header file in WATSTORE and a site file
in NWIS-1, which link some of the data bases, but each file
is structured differently with its own input and output
modules as well as discipline-specific processing modules.
This has led to excessive code and requires duplicate information in the data bases.

The NAWDEX program was established in 1976 as
a confederation of organizations working together to make
water data more readily accessible. Currently, NAWDEX
comprises about 350 water-oriented organizations and
consists of two files: (1) a Water Data Sources Directory of
organizations that collect water data, the types of data they
collect, and locations within these organizations from which
water data may be obtained, and (2) a Master Water Data
Index of sites for which water data are available. The Water
Data Sources Directory contains information on 1,800
organizations. The Master Water Data Index identifies
480,000 sites at which water data are available. Information
available about each site includes the geographic location,
the types of data, and the period for which data are available.

The goal of the NWIS-11 effort is to develop and
implement a highly flexible hydrologic data management
and processing system; one that can be easily changed and
expanded in a rapidly changing technological environment.
NWIS-11 will be a single, integrated system that will include
the functionality of the current systems plus expanded
capability for processing and managing additional chemical
constituent, sediment, biological, and spatial data. The data

NWIS-1 consists of five files containing most of the
data stored in WATSTORE. The functionality of the two
systems is similar with one major exception. NWIS-I is a
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distributed interactive system designed to give each District
office quicker response time for the processing and storage
of the data collected in the field, whereas WATSTORE is a
centralized batch processing system remote from the
District offices. The 12,000 sites added each year to the
WATSTORE Daily Values File is first processed and stored
by utilizing the NWIS-I Daily Values File. Similarly, all
new information is first processed and stored utilizing the
NWIS-I Ground-Water Site Inventory and Water Quality
File prior to being transmitted to WATSTORE. The State
Water-Use File in NWIS-I contains site-specific water-use
information and does not have a comparable file in
WATSTORE. In addition, the NWIS-I Unit Values File
contains the data collected more frequently than daily (e.g.,
every 5 minutes, 15 minutes, 1 hour) at 12,000 sites yearly.

3.

3.1

Development of NWIS-II was initiated after a series
of internal studies identified the shortcomings of the 20year-old WATSTORE and the need for an integrated system.
NWIS-II started with the formation of the Strategic
Planning Group (SPG) in 1988. The SPG consists of most
of the senior managers of the Water Resources Division,
including the five Assistant Chief Hydrologists and the four
Regional Hydrologists. The purpose of the SPG is to
address policy issues and to aid in the implementation of
NWIS-II. They are responsible for determining the scope of
the effort and approving or delegating the approval of each
phase of the software life cycle. They have committed the
USGS to a complete redesign and rewrite of software
instead of converting and updating existing software. They
also are committed to accomplishing the effort with existing staff instead of using consulting services. As a result of
this commitment, the other four groups involved in the
design and development effort were formed, including 50
people to serve on User Groups and 40 people to serve on
the Quality Assurance and Configuration Management Unit,
the Design and Development Team, and the Operations and
Maintenance Unit.

NATIONAL WATER INFORMATION
SYSTEM II

The design and development of NWIS-II will
require the coordination and combined efforts of five groups
of individuals. These groups, all critical to the effort,
include the Strategic Planning Group, User Groups, Quality
Assurance and Configuration Management Unit, Design
and Development Team, and Operations and Maintenance
Unit. The discussion of the NWIS-II design and development effort focuses on a typical software life cycle (fig. 1).
Each phase or step in the life cycle from initiation through
operations and maintenance is described, including the role
of each of the five groups involved in the effort.

..__In_i-tiat-ion
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3.2
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Requirements
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"'\_
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User Groups

The User Groups, which were formed in January
1989, consist of a cross section of WRD scientists
currently using the WATSTORE, NAWDEX, and NWIS-1
systems for processing and storing hydrologic data, and
others who will be users of the new system. Forty-seven
individuals were selected to be representative of the entire
user population; 35 are experienced data managers or investigators from WRD District offices and the others are
management, headquarters, or research personnel. Eight
User Groups represent specific disciplines or functional
areas, which include the traditional WRD disciplines of
surface water, ground water, quality of water, sediment, and
water use. Also represented are groups for biology and
spatial data in recognition of their importance to any future
water programs. Finally, there is a NAWDEX group to
address the non-USGS users of our data bases.

_.I~

~-...

Strategic Planning Group

The purpose of the User Groups is to describe the
user needs, including specific capabilities of inputting,
computing, storing, and retrieving all forms of hydrologic
and ancillary data. Most of the effort of the User Groups
will take place during the analysis phase of the software life
cycle; however, they will be involved in all phases. Each
User Group will submit a report describing their functional
and data base requirements. Reports will include input
forms, computational algorithms, a description of tables and
graphics, data definitions, and related characteristics to
assist in data base design. After the Design and Development Team has integrated the User Group reports into the
System Requirements Specification (SRS) report, the User
Groups, or at least the Chairman of each group, will review
the SRS to ensure that it addresses all the needs of the users.
The groups or specific individuals within the groups also
will be used as technical consultants during the design and
implementation phases of the system's life ~ycle. They will
review formats for screens and menus, input forms, and
tables and other output media.

Implementation

Retirement

Figure 1. Phases of the National Water Information System
Life Cycle
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changes to NWIS-II, authorize additional development
activities, approve changes to software, and approve new
software releases following testing.

User Groups also will be involved extensively in the
testing phase. They will (a) assemble data sets for testing
individual modules, programs, and subsystems, (b) have a
crucial role in acceptance testing of the project, and (c) test
the complete operational system to determine if it meets
their requirements, as specified in the User Group reports
and the SRS . The results of their testing will determine
whether the system will be released for installation and final
testing at selected District offices.
3.3

3.4

Design and Development Team

A vital part of the entire NWIS-II effort is the
Design and Development Team. The Team is responsible
for following through on all phases of the software life
cycle from initiation through system acceptance testing.
During the initiation phase, the SPG decided to undertake
the design and development effort with Water Resources
Division personnel. Plans were made in July 1989 to assemble the Team in Reston, Virginia. Part of the Team consists
of permanent staff assigned to headquarters; these are
individuals with extensive training in information system
development and experience implementing the current
NWIS-I system. Most of the Team consists of long-term
detailees from District offices across the Nation. The newer
team members have broad-based knowledge of hydrology
and experience in how we process data; however, they
require training in structured analysis, data base design,
structured programming, and testing methodologies.

Quality Assurance and Configuration
Management Unit

The Quality Assurance and Configuration Management Unit is responsible for establishing a system for
reviewing and assessing the design and performance of
NWIS-II during its entire life cycle. The Unit will work
with the Design and Development Team to establish
standards for the requirements analysis, design, and implementation or coding phases of the project. They also will be
instrumental in designing plans for testing modules,
programs, and the complete system. Finally, they will
implement a mechanism for assessing and documenting
changes.

The Team is divided into three groups to accomplish
the requirements analysis, design, implementation, and
testing phases of the effort. One group is responsible for the
functional requirements of the system such as input and
edit, computations, and output options. Another group is
responsible for the design of the logical data model and the
physical design of the data base. The third group is responsible for the transfer of data from the current systems to
NWIS-II. This group must compare the logical models of
both the current systems and NWIS-II to ensure that all data
elements are accounted for in the new system. They will
develop software to populate the new data base with data
residing in the current WATSTORE and NWIS-I.

A major task being undertaken by the Unit during
the requirements-analysis phase of the project is a survey of
the need for enhancements proposed by the User Groups.
The purpose of the survey is to help define the scope of
NWIS-II and to establish priorities for including enhancements proposed by the user groups in the first and subsequent releases of the system. Surveys will be conducted at
eight District offices and headquarters; each .session will
include 10 to 15 individuals representing all activities or
functions of the office. The users will be asked to rate the 47
major enhancements proposed by the User Groups on three
criteria: importance of the function in terms of time savings,
frequency of use, and percent of program affected by the
enhancement.

The Team will be using a number of methodologies
and supporting software for designing NWIS-II. The
functions group will divide the system requirements of the
User Groups into major functional areas that are not dependent on a particular hydrologic discipline. The nine
functional areas defined for the system are: input and edit,
computations, data verification, data retrieval criteria, data
output, data protection, maintenance, user interface, and
project and data management. User concept diagrams
(Martin, 1988) will be used to provide a framework for
visualizing the major characteristics and components of the
system, including user types, functions, data files, data
flows, application outputs, interfaces, and user interaction.
Data flow diagrams will be used to show the sequence of
transformations made to the data when flowing through the
system from input to output (DeMarco, 1978). The data
base and data transfer groups will use methods described by
Chen (1977) and Barnett (1987) to build the logical data
model of both the current systems and NWIS-II. Data flow
diagramming, entity relationship analysis, and development
of a data dictionary will be facilitated by a computer-aided
software engineering (CASE) tool compatible with the
relational data base management system to be used. The
Team will be evaluating other software development tools
and application software that may be incorporated into the
new system.

All reviews of NWIS-II will be under the purview of
the Quality Assurance and Configuration Management Unit.
This will include informal reviews by the User Groups
during the analysis and initial design phases of the project
and formal reviews at the completion of each phase. For the
formal reviews, panels will be formed that will have the
delegated authority of the SPG to approve the SRS and the
high-level and detailed design. The Unit also will be responsible for coordinating any outside or oversight reviews of
the system. It is proposed that experts in the field of structured design, structured programming, and relational data
base design be retained to provide training and consultation
and periodic review of the system design.
Establishment of a Configuration Management
Board also will be the responsibility of the Unit. The Board
will have the delegated authority of the SPG to make
decisions regarding the definition, assessment, and approval
of NWIS-II. It will be established after the requirements
analysis is completed and approved and when the SPG
establishes the scope of the entire NWIS-II effort. The SRS
will be frozen or baselined, and any subsequent changes or
requirements of the system during its life cycle will be
submitted to the Board for evaluation. The Board will assess
the technical merit and organizational impact of proposed
286

The Design and Development Team has primary
responsibility for the requirements analysis and design
phases and a major role in the implementation and testing
phases. As soon as the requirements analysis is completed
and approved, the Team will begin the high-level design,
which will include subsystem breakdown and specification
and conversion of the logical data model to the physical
data base. Detailed design at the program and module level
will involve the effort of the Team and members of coding
teams located in District offices. They will work together to
design the components of the system required for the first
release as scoped out by the SPG. The Team will then
continue with the detailed design of other components of
the system while the coding effort is undertaken in the
District offices. The Team also will provide oversight of the
coding efforts and coordinate the testing of individual
modules and programs, as well as assist the User Groups
and the Quality Assurance and Configuration Management '
Unit in planning the system acceptance testing.

3.5

Operations and Maintenance Unit

The fifth component of the NWIS-II effort is the
Operations and Management Unit. This unit currently is
responsible for maintaining the WATSTORE and NWIS-1
systems. Members of the Unit will have a similar responsibility for maintaining NWIS-11, but they also will be
involved in its design and development. The data-base
administrators who are responsible for the individual files of
the current systems will be used by the data transfer group
to help compare the logical data models. Because of their
familiarity with the file structure, the data-base administrators probably will design parts of the transfer programs.
Other members of the Unit will be assessing the possible
reuse of some of the existing code. A Fortran language
analyzer will be used to evaluate programs written recently
for NWIS-1 that may meet the users' requirements. The Unit
also will be involved in developing plans for and testing the
new software, particularly the data transfer programs. After
the initial design and development effort is complete, the
Unit will have primary responsibility for providing software
fixes and developing additional enhancements recommended by users and approved by the Configuration
Management Board.

4.

CHRONOLOGY

The following is a chronology of actual steps in the
development of NWIS-11 through September 1990 and an
estimate of the remainder of the system's life cycle. A
specific timeline for all phases of the software life cycle
cannot be defined until the requirements analysis is
completed. Also, the SPG must determine the scope of
NWIS-II by assessing how much of the system required by
the users can be accomplished with available fiscal
resources.
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August 1988

SPGformed

January 1989

User Groups formed and
given charge

July 1989

Decision made to use longterm detailees from field
offices for the Design and
Development Team

August 1989

User Groups submit first draft
of reports

March 1990

First detailees arrive in
Res ton

June 1990

Complete detailed outline of
SRS

September 1990

Final User Groups reports
submitted

October 1990

Complete staffing of Design
and Development Team

November 1990

Complete logical data model
and data transfer plan

December 1990

Complete SRS

January 1991

SPG approves SRS and
defines scope of NWIS-II

May 1991

Complete high-level system
design

July 1991

Complete physical design of
data base

July 1991

Complete detailed specifications for data transfer

September 1991

Complete detailed system,
program, and module design
for first release

October 1991

Begin coding for first release

December 1991

Complete test plans

March 1992

Complete coding for first
release

May 1992

Complete acceptance testing

July 1992

Installation and beta testing

August 1992

Complete operation and user
manuals

September 1992

Training for system
administrators and users

October 1992

Release software to all nodes

May 1993

Acceptance testing for second
release

October 1993

Release second version of
software to all nodes
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5.5

GRAPHICAL USER INTERFACE CONCEPTS FOR HYDROLOGIC FORECASTING IN THE
MODERNIZED WEATHER SERVICE

Thomas E. Adams, III
Hydrologic Research Laboratory, National Weather Service
National Oceanic and Atmospheric Administration
Silver Spring, MD

1.

INTRODUCTION

1.1

Past and Current Modeling Procedures

hydrologic forecasting. In contrast to character-based,
command-line computer interfaces for models, interactive
modeling should permit the user to quickly and efficiently enter
observed and parametric data, begin execution of the model,
monitor its progress, and halt program execution at appropriate
times. Entering and changing parametric data is best
accomplished using a graphical interface that simplifies entering
individual values, series of values, dates, and choosing between
discrete items. Interactively, changes are made by using such CRT
screen display entities as buttons, windows, popup and pull down
menus, scrolled lists of items, and other graphical icons with
real-world analogues (e.g., a pencil to represent a drawing tool).
Similarly, CRT screen displays of results should make use of
color and other graphical cues - that are possible on today's
microcomputers and scientific workstations - because they
enhance the visual impact of graphically displayed data, especially
when multiple data sets are superimposed on the computer
screen. The user of the model interacts with the graphical items
on the screen with the computer's mouse, an electromechanical
device that moves a pointer (usually an arrow) on the screen and
has buttons for selecting menu items, pushing buttons, moving
windows, and scrolling through lists. Graphical objects are
immediately accessible to the user, usually requiring no more
than a movement of the mouse and a mouse button click. The
greatest benefit of a graphical user interface (GUI) is that users
no longer need to remember cryptic commands that must be
typed using the computer's keyboard. Furthermore, the possible
choices of what can be done within a GUI are obvious and
certain, once a few basic rules of GUI interaction are understood.
If properly planned and constructed, the interface both limits
what the user can do and provides the user with a great deal of
freedom. This seemingly contradictory statement makes sense
within a GUI design. For instance, the main menu of a program
lets the user access all the commands through pull down and
hierarchical menus, but not all the commands listed in the menus
may be immediately available because something else must be
done first: namely, before a model can be executed using an
Execute command (a menu item), a data set must be selected. In
this example, the word Execute would be dimmed or grayed and
would not highlight when the pointer moved over it.
Consequently, if the user tried to select Execute without having
previously selected a data set, nothing would happen .. The visual
cue of dimming or graying lets the user know that trymg to select
that particular menu item will accomplish nothing.
·

Most National Weather Service (NWS) hydrologic forecasters are
accustomed to hydrologic and hydraulic modeling, with a wide
range of models available for flood event modeling, simulations
of seasonal and annual streamflow, and hydraulic simulations in
dam break analyses. The procedure of modeling has evolved over
time. Digital simulations of hydrologic processes through the
1970s required the modeler to enter observed data and
parametric values onto paper punch cards using a key-punch
device. The card deck was then read into a card reader of a
mainframe or minicomputer and executed on the computer
following the instructions detailed by the job control language
(JCL) encoded on some of the cards. Typically, simulation results
were reviewed from a lineprinter. When changes were made to
improve simulation results, new data cards and, often, JCL cards
were made to reflect the needed changes. Subsequently, the card
deck was resubmitted for a new run, typically in a batch mode
where user's jobs waited in a queue based on the priority given to
the job by the user and system administrator. A typical job run
cycle could take hours.
The procedure more common now, is the creation of data files by
entering data into ASCII-based terminals or microcomputers
using a text editor which is, in turn, linked with pre-compiled
models and executed. Simulated values are then sent to an
output file in a format that can be read by an auxiliary graphics
package to display on a CRT (cathode-ray tube) of a graphics
terminal, microcomputer, or scientific workstation and are
printed or plotted later on some device if the user desires.
Nevertheless, lineprinter output remains the primary expression
of output for many hydrologists today. Hydrologic modeling still
consists, for the most part, of allowing the model to fully
complete execution before parametric values are adjusted to
improve simulated results and the model is rerun. Thus, the
modeler has no opportunity to halt execution of the model
during a run cycle when simulated values clearly need
improvement. Moreover, the modeler's interaction with the
computer is less than seamless or friendly; only fairly recently
have preprocessors, programs with a degree of error checking
that make creating data files in the correct format easier, gained
general acceptance for the most widely used programs.
1.2

Interactive Modeling Procedures

2.

To reach its modernization goals, the NWS has implemented risk
reduction plans, including project PROTEUS (Prototype RFC
Operational Test, Evaluation, and User Simulation) in the Office
of Hydrology. The purpose of project PROTEUS is to
demonstrate new and innovative uses of computers and software
in the NWS River Forecast Centers (RFCs) to improve

GUI CONCEPTS USER INTERACTION WITH GUis

The two underlying principles of graphical user interfaces are:
(1) ease of use, and
(2) functional design to increase productivity.
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That is, GUis make computers better tools to do the work at
hand. But writing good GUI software is no easy task, since the
programmer must anticipate the user's needs and demands in
meeting the two fundamental GUI goals. Writing GUI software
is easier under project PROTEUS than it may have been
otherwise, because of the process of first prototyping software at
the NWS Hydrologic Research Laboratory (HRL), then field
testing and evaluating the software at the RF Cs, and, finally,
modifying the code at the HRL in response to suggestions from
the RFCs.

some problem in the program, operating system, or some error
the user has committed (Fig. 2).
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Some guidelines for user interaction should be followed:
(1) the user selects an action from alternatives
presented on the screen;
(2) the user first selects an object, then the action to be
performed on it. The noun-then-verb logic is very
flexible because, at the last moment, the user may
wish to choose a different action and does not have
to reselect the object. For example, this is
analogous to a word processing program having the
user first select a word, line, paragraph, etc., then
italiciz.e, underline, delete, make boldface, change
the point size, etc., rather than first entering an
italicize mode and then selecting the word once
the user is in an italiciz.e mode, he or she has a
difficult time changing to another, making the
interface more cumbersome;
(3) users rely on visual recognition, so graphical
analogues to real world objects should be used to
convey information, such as a caricature of a stop
sign in a popup dialog box to warn the user of an
irreversible mistake he or she is about to make;
(4) screen the user from unnecessary system level and
some higher level details that are not needed by the
user to complete a task;
(5) simple and consistent keystroke equivalents to menu
choices and other functions; in unambiguous cases,
rather than forcing the user to select a push button
with the mouse, let the user use a carriage return in
this is particularly
its place as an alternative
appropriate when the user is entering a numeric
value from the keyboard and needs to enter the next
value or wishes to continue to some other task.
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Fig. 2. A popup dialog window warning the user that the most
recent changes to a file have not been saved; note the emphasized
Yes button, which indicates that the a carriage return will evoke
the same result as a mouse click on the button , also showing is a
Cancel button.

Another fundamental element of a GUI is the "window" ,a
graphical object used to hold buttons, scrollable lists, popup
menus, and other control objects and to display results (Fig. 1).
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Graphical user interfaces for programs, whether they include
hydrologic models or not, are possible because they have been
programmed using the concept of events. In fact, event driven
programming begins with a single infinite loop in the program
structure. The user of an event-driven program leaves the main
event loop by selecting a Quit command, which ends all
processes, closes all open devices, and otherwise terminates the
program gracefully. All tasks initiated or subroutine calls made
subsequent to the initial start-up of a program written with a
GUI are made from within the main event loop: moving the
mouse (the screen pointer) evokes an event, as do pressing a
mouse button, releasing a mouse button, pressing a key on the
keyboard, releasing a key on the keyboard, moving the pointer
into or out of certain screen objects, etc.; many other types of
events are possible depending on the GUI implementation. All
programs, written with a GUI, process events as they "arrive" in
the main event loop where subroutines are called to handle
events of each particular type. An event is discarded after it has
been dealt with appropriately by the program.
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The need to anticipate that users make mistakes is important. In
most cases it is possible to either undo some action or back out
from it, using a Cancel button (Fig. 2 and 3).

Fig. 1. A popup dialog window showing three scrollable lists
with a "grayed" Operand 2 area indicating the user has chosen to
enter a "k" value; the Calculate button is emphasized indicating
to the user that a carriage return will evoke the same result as a
mouse click on the button.
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In other kinds of programs, windows are used as a drawing
surface for computer aided design (CAD), a typed page in word
processing, and spreadsheet for financial and engineering
analyses. Typically, windows are resiz.able and can be moved
about on the screen by the user, but specific implementations of
these features vary between GUI systems. With many GUis,
windows can be iconified to unclutter the screen, that is, they can
be reduced to a small system-defined icon sometimes a
pictorial representation of an object that holds meaning for the
user. Windows, however, can have certain attributes to convey
unique information to the user of a program, such as popup
windows that appear on the screen to alert or warn the user to
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Fig. 3. A popup dialog window showing a Cancel button,
scrollable list, and "grayed" Eject and Drive buttons indicating
there is no floppy disk to Eject and no other available hard disk
or optical drive to switch to for the Save operation.
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Programmers access the network protocol through a combination
of XLib, a C language subroutine package, or a higher level X
toolkit object library. The benefit of using XLib and an X toolkit
is that the programmer is shielded from the overwhelming
complexity of the network protocol. X toolkits (or widget sets)
are particularly useful because they provide high level graphical
objects that can be easily implemented by a programmer. Use of
a X toolkit forces the programmer into consistent interface
design and greatly speeds application development because
fundamental graphical objects, such as push-button and scrollable
windows, do not need to be recreated, and the desired attributes
of windows do not need to be custom programmed each time a
new object is needed. It is important to note that all buttons,
boxes, sliders, and other graphical elements of windows in any
window in X is itself a window a rectangular region on the
screen.

Also important is the need for simple uncluttered design of
windows where buttons, scrolled lists and static text are cleanly
laid out and are aesthetically pleasing. Simple design is best, the
screen should not be cluttered with too many windows, complex
icons, and buttons. Good graphic design must communicate and
inform, not just dazzle the user. Graphics are not merely cosmetic;
when they are clear and consistent, they contribute greatly to ease of
learning the interface and using it.
3.

IMPLEMENTATION OF GUI CONCEPTS IN THE
INTERACTIVE FORECAST PROGRAM

The Interactive Forecast Program (IFP) of the National Weather
Service River Forecast System (NWSRFS) (Anderson, 1986) was
written to run on any of a range of available scientific
workstations. Consequently, the basic graphical windowing
environment for the IFP is the industry standard X Window
System (version Xl 1R3) developed within project Athena at the
Massachusetts Institute of Technology. X is supported by the
leading computer manufacturers and many universities, forming
the X Consortium, with the intent to furtper develop and
promote the use of X as a system independent and
non-proprietary windowing and communication environment for
computers. Some preliminary remarks on some of the details of
X are needed because many features of X strongly influenced the
development and look and feel of the IFP.

The IFP, which is written in a modular form, consists of eight
unique programs that serve independent functions. This modular
design is possible because data that must be shared between the
separate programs are available to each module as X window
properties. A window property is a mechanism provided by the
base window system to share information between applications
(Fig. 4).

Although the X Window System is not necessarily tied to a single
language or operating system, it is rarely found on computers not
running the Unix operating system and programming calls made
from any other language than C are more rare. Consequently, it
is safe to generalize that the X Window System is used on
Unix-based workstations and X applications are written in C.
This is true for the most part with the IFP, except that there are
FORTRAN subroutines called within the IFP code which, in
tum, call C functions that, sometimes, call more FORTRAN
subroutines. The intermingling of languages is inescapable,
because the existing NWSRFS program is written, for the most
part, in FORTRAN and rewriting this code in C was not
considered a viable option since it comprises on the order of
40,000 lines of executable FORTRAN statements. Additionally,
a significant portion of the IFP code was generated using a
commercially available graphical programming tool for creating
the C code that displays simulated values and observed data.
The X Window System is comprised of two fundamental
components, (1) the base window system, which provides the
lowest level interaction with the computer to create windows and
(2) the X network protocol, which is based on the client-server
model. A single process, the server, controls all input and output
devices, such as the CRT screen, mouse, and keyboard. The
server in X is also called a display whereas the term "screen" in X
refers to a single hardware output device. Therefore, a single X
display can support multiple screens, however, there is usually
only one display supported by each CPU. The server also creates
and manages all resources, which include windows, text, bitmaps
and pixmaps, colors, and other data structures used by an
application. The X server maintains resources privately, allowing
clients to use and share them transparently. Applications that
use the server's facilities, termed clients, communicate with the X
server over a network connection using many of the common
asynchronous byte-stream protocols, including TCP/IP (Young,
1989). Consequently, any client can communicate with any server
provided they both adhere to the X protocol.

Fig. 4. Windows for the FG_Map and Run_Partial modules with
a selected and highlighted forecast point, indicating the most
downstream point for this forecast run. Note that two forecast
points have been excluded from the simulation because rainfall in
those areas are contributing insignificantly to runoff; also shown
is the window manager window.

Applications must be written in a manner to explicitly access
window property data of a specific type, either as the data appear
as new window properties or at specific points within the
program when the data are needed. Each of the modules was
designed from the perspective of the user and the user's needs,
rather than avoiding the associated programming difficulties. The
eight modules comprising the IFP are:
(a) Start_IFP
- is used by the forecaster to select a forecast
group (a group of contiguous and
topologically connected basins) to model;

The base window system interfaces with the outside world
through the X network protocol. The network protocol interface
operates both within a single central processing unit (CPU) or
between multiple CPUs, consequently, X is device and vendor
independent and it operates transparently over networks using,
typically, the TCP/IP protocol. The only possible interface with
X is through the X network protocol, implying that any software,
including X Window Managers are treated as application software
by X rather than privileged system software (Jones, 1989).

(b) FG Map
-- is used to display a schematic representation
of the forecast group drainage system where
the nodes of the schematic are the forecast
points; it is also used as a basis for selecting
what basins are included in a modeling run
and to display information pertinent to the
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the growing interest in OS/2 and Presentation Manager from
IBM Corp. and Microsoft, that the X Window System and
interfaces derived from it have clear advantages to and bring
significant productivity increases over character based user
interfaces. 1 Commercially developed X Window based
applications are lagging behind the interest and demand for them
at present, but this is due, in part, to the recent stability achieved
by X and the X toolkits, and the time needed to develop an X
application. GUI applications take longer to develop than
character based applications, but the trend with character based
programming has been to make them behave graphically, with
menuing and popup windows, etc., which increases development
time. Another important issue is the consistent look and feel
between applications that have been programmed within a
particular GUI development environment. A user of a program
can much more easily learn how to use a new program if it is
constructed similarly with menus and menu items, etc., that
achieve the same function and behave the same across all
applications. This is now being done on computers within
individual GUI systems and operating systems and also between
totally different computers, operating systems, and GUI
development systems with many commercial applications.

forecast point, such as the peak flow of record,
location in degrees latitude and longitude, etc.;
(c) Set_Dates
- is used by the forecaster to set the dates for
the forecast period, including the beginning
and end of the model run and the end of the
period used for observed data;
(d) Run_All
- allows the forecaster to select all the basins
within the forecast group and begin execution
of the models;
(e) Run_Upstream
- allows the forecaster to select all basins above
and including the basin selected within
FG_Map within the forecast group and begin
execution of the models;
(f) Run_Partial
- allows the forecaster to select all basins above
and including the basin selected within
FG_Map and exclude other unwanted basins,
that do not break basin drainage continuity,
within the forecast group and begin execution
of the models;

However similar GUis may be in their look and feel with
windows, menus, buttons, scrollbars, etc., their performance
differs greatly between (a) GUI systems on a specific computer,
(b) specific GUI implementations on the same computer, and (c)
general performance on different computers, operating systems,
and GUI development environments where direct comparisons
are not possible. Specifically, it has been the experience of the
HRL staff, using X version X11R3 and version R2 of Xlib and
the Hewlett-Packard X toolkit (widget set), Xt, on an IBM
PC-RT that GUI performance was comparable to that found
using a pre-release X version X11R3, Xlib version R3, and
version 1 OSF (Open Software Foundation)/Motif X toolkit
(widget set) on an IBM RISC System 6000. This is surprising
since in all other respects, especially involving floating point
calculations, the IBM RISC System 6000 greatly outperformed
the IBM PC-RT by a factor of approximately 10 (ten). The
disparity could be due to a number of factors, (1) that HRL staff
had made the evaluations using pre-release software on the IBM
RISC System 6000, so that certain optimizations were not
realired, (2) that IBM's specific implementation of the OSF/Motif
widget set reduced the performance, or (3) that there is much
more software overhead in the OSF /Motif widget set, and
performance is simply lagging. Of course, any combination of
these is possible and, in all likelihood, probable. Moreover,
without a detailed, careful evaluation, these comments are merely
anecdotal, as HRL has had no opportunity to evaluate the code
on other workstation platforms.

(g) Plot_Tulsa
- displays as line plots and bar charts the results
of the model runs, observed rainfall and runoff
time series, and input unit hydrographs and
allows the user to edit these time series; this
function also provides the controls for
re-running the models based on the
modifications or continuing model execution
with the next downstream forecast point;
(h) Model Specific Modifications
- allows the forecaster to make changes to
certain parameters on a model by model basis
for the basin (forecast point) currently under
consideration.

Readers are
of NWSRFS
Page (1991)
the IFP and

referred to Wiele and Smith (1991) for a discussion
models and their dependencies and interactions.
discusses details of the eight interface components of
their use within a forecast session.

Each of the IFP programs is written to provide immediate
feedback if the user attempts an action that is inappropriate or
would produce an error. In cases that, for instance, the
forecaster may mistakenly enter an ending date for a forecast run
that was chronologically before the beginning date, the Set Date
program simply will not accept the value and responds with a
"beep.• Similarly, the forecaster is simply warned by a message
within a popup window of a value's acceptable range if the value
being entered falls outside this range. The program responds
immediately as the user types the digits. If the user continues,
attempting to enter a value that falls further outside what is
generally considered permissible, or even approaching what is
considered physically unacceptable, the program issues a "beep",
does not allow the entry, and indicates within the popup window
the value's permitted range. Similar features that give the user
immediate feedback to his or her actions are found throughout
each of the IFP modules. Many of these, where appropriate, do
not allow the forecaster to make avoidable mistakes.
4.

Nonetheless, it is generally known among X application
developers that the GUI elements of X applications suffer from a
lack of graphic responsiveness. This is not considered a major
problem in light of the benefits of using X, Xlib, and the various
X toolkits. Developers of X, Xlib, and the X toolkits are
committed to enhancing performance through coding
optimizations. Also, third-party hardware developers are making
custom X graphics accelerator boards available for workstations
and some workstation manufacturers are now designing their
computers with accelerators for X graphics.
The National Weather Service is committed to GUis in its
modernization efforts and with the IFP, however the NWS has
not committed itself to either a specific GUI implementation or
workstation platform. Although, a Unix based workstation is

FUTURE OF GUis ON WORKSTATIONS
AND IN THE IFP

1
The use of trademarks and trade names is for descriptive
purposes only and does not constitute endorsement by the
National Weather Service, or her parent organizations, the
National Oceanic and Atmospheric Administration and the U.S.
Department of Commerce.

lt is clear from the success of graphical user interfaces on the
Macintosh from Apple Computer, Inc., Windows {especially
Windows 3) from Microsoft Corp. for DOS based computers, and
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virtually certain, one of many GUI implementations, NextStep,
Motif, Open Look, SunView, or some other, is possible.
S.

SUMMARY

The Hydrologic Research Laboratory using the development tools
available with the X Window System, its associated object library
XLib, and other X toolkits, successfully developed the Interactive
Forecast Program as a Graphical User Interface for NWSRFS,
the National Weather Service's national flood forecasting system.
The IFP includes user interface design elements to simplify the
use of NWSRFS and increase the productivity of forecasters.
The IFP will be enhanced further based on comments made by
forecasters at the River Forecast Centers during imminent test
and evaluation periods.
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5.6

THE ROLE OF REAL-TIME INTERACTIVE PROCESSING IN SUPPORT OF WATER
RESOURCES FORECASTING IN THE MODERNIZED WEATHER SERVICE

Danny L. Fread, George F. Smith, and Gerald N. Day
Hydrologic Research Laboratory, National Weather Service
National Oceanic and Atmospheric Administration
Silver Spring, MD
1.

INTRODUCTION

Weather Radar (NEXRAD) called WSR-88D, the Automated
Surface Observing System (ASOS), and the Advanced Weather
Interactive Processing System (AWIPS). The NEXRAD and
ASOS programs will provide much of the necessary technology
toobserve precipitation amounts on a nationwide basis at the
temporal and spatial resolution required. Achieving the required
accuracy of precipitation estimates, however, will require data
management, integration, and analysis procedures which
incorporate a large variety of precipitation data sources from
other federal, state, and local gage networks. The AWIPS system
provides a modern interactive processing environment which will
be the center of all forecast operations in an office. Data analysis
and quality control, forecast modeling, forecast interpretation,
and production formulation will be carried out interactively at
modern workstations, providing forecasters with a milieu for
efficient and timely development of WARFS products and
services. The data and computer systems provided by the NWS
modernization programs, along with the technology of advanced
hydrologic and climate forecast models will be used to:
1) support forecast service requirements of government and
quasi-government water managers, 2) provide basic water
resources forecasts to private sector intermediaries, who will
tailor the forecasts to serve specific industries, 3) satisfy needs for
forecast services at near-, mid-, and long-term time scales for a
wide variety of water use situations nationwide, 4) provide critical
information on hydrometeorological forecast reliability that can
be used for risk-based water management decision-making, 5)
incorporate improved weather and climate forecast information
into hydrologic models, and 6) improve other short- and midrange forecast capabilities.

Proper management of water resources is vital to the Nation's
economy, the quality of our environment, and our overall social
well-being. Increased resource demands, pollution, and climate
variability have made water a scarce resource in most areas at
one time or another and have stressed our water resources
systems. While some parts of the Nation are experiencing water
shortages, other parts may be experiencing serious flooding.
Water management decisions that affect water resources systems
are a daily routine. Industries and utilities must decide how
much effluent can be safely discharged into an estuary without
adversely affecting water quality and endangering fish and
wildlife. Reservoirs are continually operated with the conflicting
objectives of flood control, water supply, hydropower generation,
navigation, water quality, recreation, etc. Figure 1 shows how
these objectives work against one another by seeking to
raise/lower the reservoir pool level and to hold/release water. In
most cases, these water management decisions are based on
localized ad-hoe information systems that cause inefficient and
wasteful utilization of the Nation's water resources.
The science of real-time hydrologic forecasting, and potential
computer and telecommunications resources to support the
associated data processing, has reached the point that significant
advances can now be made in river forecasting to provide
improved information for water managers. The National
Weather Service (NWS) of the National Oceanic and
Atmospheric Administration (NOAA) is working with a number
of other federal, state, multi-state, quasi-governmental and private
sector organizations toward cooperative efforts in this area. As a
part of these collaborative efforts, NOAA is planning a new
initiative called Water Resources Forecasting Services (WARFS).

2.1

The NWSRFS is a software system (over 350,000 lines of
computer code) consisting of many programs, which are used to
perform all steps necessary to generate streamflow forecasts. The
system includes the Calibration System (CS), the Operational
Forecast System (OFS), and the Extended Streamflow Prediction
(ESP) System.

This paper outlines the major system components of WARFS
and discusses the role of real-time interactive processing in
providing improved forecast products for water management.
Emphasis has been placed on the NWS Interactive Forecast
Program (IFP) because it represents a critical component of the
WARFS technologies and because of its advanced state of
development.
2.

National Weather Service River Forecast System

a.

WATER RESOURCES FORECASTING SERVICES

The WARFS Initiative will provide urgent improvements in
NOAA hydrologic prediction services. The infrastructure for
WARPS is the current National Weather Service River Forecast
System (NWSRFS). The NWSRFS is at the heart of WARFS as
is shown schematically in Figure 2. WARFS model and data
improvements within the NWSRFS will benefit all scales of
forecasting, bringing badly needed improvements in flood
warnings as well as longer-term forecast services. WARFS will
take advantage of both hardware and software components of the
NWS modernization programs including the Next Generation
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Calibration System -- The CS performs the tasks needed
to process historical hydrometeorological data and to
estimate model parameters for a specific basin. The
models simulate snow accumulation and ablation,
calculate runoff, time distribute runoff from the basin to
the basin outlet, and channel route streamflow. The
NWSRFS is a modular system that allows the
hydrologist to select from a variety of models and to
configure them in a manner that is descriptive of the
basin. All of the models are available to the Calibration,
Operational Forecast, and ESP systems. As part of the
calibration procedure, for a particular basin, the
simulated streamflow is statistically and visually
compared to the observed streamflow to determine the
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FORECASTING FOR
WATER MANAGEMENT

necessary model parameter adjustments. The ideal
model parameters are those with which the model
simulated streamflow most closely matches the observed
streamflow. Brazil and Hudlow (1980) discuss
calibration procedures in more detail.
b.

these model states using observed data and to display the
result of the simulation.
c.

Operational Forecast Svstem -- Once the models have
been calibrated for a basin, the models can be used
operationally with real-time hydrometeorological data to
forecast streamflow. The OFS contains three major
components that are needed for operational river
forecasting: Data Entry, Preprocessor, and Forecast.
The Data Entry Component is a set of programs that
transfer hydrometeorological data from a variety of
sources to the observed data base. The Preprocessor
Component reads raw station data, estimates missing
data as required, and then uses these data to calculate
mean areal time series of precipitation, temperature, and
potential evapotranspiration for a particular basin.
These processed time series are used by the Forecast
Component to perform requested hydrologic and
hydraulic simulations. The Forecast Component stores
parametric data for the models, as well as information
that describes the basin connectivity of the river system.
In addition, the Forecast Component maintains an
account of the current model states. These states
describe the hydrologic condition of the basin, including
the snow cover, soil moisture, and channel storage. They
are needed as starting points for subsequent forecasts.
The Forecast Component also has the ability to update

Extended Streamflow Prediction Svstem -- ESP is the
portion of the NWSRFS which enables a hydrologist to
make extended probabilistic forecasts of streamflow and
other hydrological variables (Day, 1985). A schematic of
the ESP procedure is shown in Figure 3. ESP assumes
that historical meteorological data are representative of
possible future conditions and uses these as input data
to hydrologic models along with the current states of
these models obtained from the Forecast Component. A
separate streamflow time series is simulated for each
year of historical data using the current conditions as the
starting point for each simulation. The streamflow time
series can be analyzed for peak flows, minimum flows,
flow volumes, etc., for any period in the future. A
statistical analysis is performed using the values obtained
from each year's simulation to produce a probabilistic
forecast for the streamflow variable. This analysis can be
repeated for different forecast periods and additional
streamflow variables of interest. Short-term quantitative
forecasts of precipitation and temperature can be
blended with the historical time series to take advantage
of any skill in short-term meteorological forecasting. In
addition, knowledge of the current climatology can be
used to weight the years of simulated streamflow based
on the similarity between the climatological conditions
of each historical year and the current year.
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Figure 3. The ESP Procedure
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3.2

ESP allows flexibility in the streamflow variables which
can be analyzed, the capability to make forecasts over
both short and long time periods, and the ability to
incorporate forecast meteorological data into the
procedure. Because of ESP's flexibility and conceptual
basis, it has many applications, including water supply
forecasts, flood outlooks, and drought analysis. The
forecast information provided by ESP is particularly
useful during droughts. The minimum streamflow,
minimum reservoir level, or streamflow volume can be
estimated for any exceedance probability level. By
observing how many of the historical year's simulations
dip below critical levels, the user can define the risk of
running short of water. If the risk exceeds an acceptable
value, drought contingency measures can be taken. The
streamflow time series generated by ESP could be used
as input to other simulation models to investigate how
water supply operations might be improved. These
streamflow time series represent possible occurrences
based on both the current conditions and forecast data.
ESP provides water managers with information needed
to quantitatively assess the severity of the drought, so
that measures can be taken to reduce the risk of running
out of water to an acceptable level.
2.2

The windowing capabilities of a scientific workstation allow the
forecaster to have multiple processes displayed simultaneously.
Because the order in which a forecaster might want to see or
control various parts of the modelling system is not fixed from
one forecast to the next, independent programs linked through
access to common databases have been written under the X
window umbrella. These programs provide the forecaster with
flexibility to process and display only those parts of the IFP that
are important for the current forecast event.
3.3

Interactive Processing

Commercial off-the-shelf graphical development software has
been used to provide some of the IFP displays. This graphical
package consists of two main components. One is a graphical
editor with which screens can be constructed. Objects on the
screen can consist of 1) simple items, such as circles, lines, text,
etc., and 2) complex graphs such as bar or X-Y plots. The
objects on a screen can be linked to data sources. As values of
the data sources change the objects can change color, replace one
picture with another, plot data on a graph, etc. The screens with
their associated data sources can be stored in files as views which
can be retrieved later from the applications program. The second
main component of the commercial graphics package is a set of
functions which allow applications programs to load previously
stored views, associate data with the appropriate data sources,
and manipulate the screens as desired. This two-part graphical
package is very effective for program development because it
cleanly divides the process of developing a graphical user
interface into 1) creating the scene the user looks at, and
2) interacting with the applications code to perform the
appropriate tasks.

NWSRFS INTERACTIVE FORECAST PROGRAM

3.4

As part of the NWS Office of Hydrology PROTEUS Project, the
IFP is being developed to prototype the hydrologic forecasting
environment expected to be available in NWS River Forecast
Centers in the A WIPS era. The major components that make up
the IFP are 1) the hydro logic models in the NWS River Forecast
System, 2) the X window protocol available on scientific
workstations running UNIX, 3) the X toolkits available to
provide building blocks for applications program interface
development, and 4) commercial off-the-shelf software for the
development of graphical display and interactive program control
modules. See Adams (1991) for a discussion of the philosophy of
graphical user interfaces, and Page (1991) for further information
on the structure of the IFP.

3.1

Graphical Interface Development

There is an extensive set of graphical input/output software that
has been developed to provide applications programmers with
functions that can be called to display such interface components
as pushbuttons, pulldown menus, text edit boxes, etc. These
components, known as widgets, are part of the X toolkits
available as part of the X window software development
environment. The current version of the IFP is being written
using the Open Software Foundation (OSF) version of Motif
widgets. By using an OSF widget set the IFP will not be locked
into any particular hardware platform. This is important because
the IFP is a prototype of the system that will be used in the
AWIPS era under the hardware and system capabilities provided
to an RFC. The IFP has been coded to avoid dependence on a
particular hardware or operating system environment.

The advanced observations, enhanced data integration techniques,
improved models, and expanded historical and real-time
hydrometeorological data bases provide a strong technological
base for comprehensive water resources forecast information.
These complex data and software systems can only be effective,
however, if the user interfaces are designed for efficient
interaction with the hydrometeorologist. In the future,
interactive processing will play an extremely important role in
historical data analysis, model parameter estimation, real-time
data quality control, precipitation field estimation, hydrologic
forecasting, and ESP post-analysis and interpretation. Interactive
programs are currently being developed to assist the
hydrometeorologist in estimation of the precipitation field from
gage, radar, and satellite data and to assist the hydrologist in the
preparation of streamflow forecasts. The Interactive Forecast
Program (IFP) is an enhancement of the NWSRFS Forecast
Component that provides the forecaster with a powerful,
interactive, and user-friendly interface for real-time hydrologic
forecasting. The structure and capabilities of the IFP are
discussed in more detail below.
3.

Workstation Capabilities

Hydrologic Forecasting with the IFP

The purpose of the IFP is to allow the forecaster to use
hydrologic expertise and judgement to develop a forecast while
streamlining the tasks required to produce the forecast. The
approach has been to provide a graphical user interface which
presents information needed to make better hydrologic decisions,
and allows any required adjustments to be made with the
minimum of effort (Wiele and Smith, 1991).
Based on 1) parametric information describing the structure of
the models used at each forecast point, 2) network information
describing how the forecast points are linked, and 3) observed
data describing the locations of meteorological and hydrological
sensors as well as their current data values at the time the
forecast is made; the forecaster can decide whether to accept a
model generated forecast or make needed adjustments (Wiele and
Smith, 1991).

Hydrologic Models in the IFP

All of the NWSRFS hydrologic models that have been used by
NWS RFC forecasters since the introduction of the NWSRFS
Operational Forecast Program in 1984 are available to forecasters
using the IFP. Identical hydrologic modelling code is being run in
the interactive program on the workstations as has been run in
the batch NWSRFS on the NOAA Central Computer Facility.

This information is presented to the forecaster in a variety of
graphical displays. In broad terms, the displays consist of those
for user orientation and for data presentation. An example of a
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us~r orientation. display is a schematic of the forecast points
bemg modelled m the current IFP session; the display shows the
connectivity of the points and the current state of the streams in
each forecast area (Fig. 4). Model inputs and simulation results
are presented in a graphical plot display (Fig. 5). More details
about these displays can be found in Page (1991).

3.5

4.

SUMMARY/CONCLUSIONS

The purpose of any adjustments made through the IFP is to
provide a better representation of the current hydrometeorologic
conditions within a forecast area so that forecasts starting from
those conditions can be more accurate. The improved data
collection and analysis systems of NEXRAD and ASOS work
together with the IFP to provide the best possible information for
probabilistic analysis by the ESP program.

Run-time Modifications

The ~ajar advance in hydrologic forecasting introduced by the
IFP is to allow the forecaster to interactively make changes to the
p_arame~ers, data, or current conditions used for hydrologic
s1mulat10n and quickly see the results of those changes. The
mechanism for making changes that will affect model simulations
is called a run-time modification. In general, these modifications
can be categorized into those affecting time series and those
affecting a specific hydrologic model. These run-time
modifications are described in more detail in Page (1991) and
Wiele and Smith (1991).

In addition, advanced data and computer systems have provided
an efficient environment to perform data analysis, forecasting,
and interpretation. The IFP demonstrates how a complex
software system can be made manageable and responsive to a
hydrologist operating under severe time constraints.
As is proposed in the WARFS Initiative, all of these systems
working together will ensure that the best possible
hydrometeorological information is available on which to base
probabilistic water resources forecasts. This all leads to the best
available information being presented to decision makers so as to
optimize the benefits which can be realized from our water
resources.
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A COUPLED HYDROGRAPHIC MONITORING AND FORECAST SYSTEM FOR THE GREAT BELT
Jens Kirkegaard
Bo Mogensen
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1)

Arctec Offshore Coorporation, San Diego, California
(until 31 Dec. 1990 Deputy Director of Danish Hydraulic Institute)

2)

Danish Hydraulic Institute, H0rsholm, Denmark.

INTRODUCTION

The subject of this paper is the hydrographic monitoring and forecast system for the
Great Belt, separating the two main islands of
Denmark. These systems form an integral part of
the environmental control measures and studies
associated with the construction of a combined
bridge and tunnel connection across the 18 km
wide Great Belt.

The Great Belt is located between the
brackish Baltic Sea and the saline North Sea
and is characterized by a persistent but very
dynamic two-layer stratification. And being the
main connection between the Baltic and the
North Sea, the flow through the Belt is crucial
for the aquatic environment of the already
strained Baltic.

The small island of Sprog0 divides the
Belt into an eastern and a western channel. The
Great Belt Link will consist of a combined road
and rail bridge across the western channel. On
Sprog0 the traffic is divided and the road
traffic continues to Zealand on an elevated
bridge, whereas the rail way traffic will continue in a bored tunnel beneath the 70 m deep
eastern channel.

Because of this delicate location
changes in the flow conditions of the Great
Belt due to the Link will influence the hydrography and hence the aquatic environment of the
Baltic Sea.
'When the Danish Parliament passed the
Great Belt Link Act in 1987, a key requirement
was that the flow through the Belt and, related
to this, the salt balance in the Baltic should
remain unchanged.
The technical hydraulic requirements to
the Link involve that the hydraulic resistance
of the Great Belt be unchanged, but also that
the mixing between the surf ace layer and the
bottom layer in the Great Belt be unchanged,
see M0ller (1989).
This is achieved by compensating the
flow resistance and mixing due to the piers and
causeways by dredging.
This zero solution concept deals only
with the far field - the Baltic. Of course,
local environmental effects cannot be completely avoided, but the environmental impact in the
near field is treated strictly by reducing the
impact to an acceptable level concerning environmental and economical factors.
The main tasks undertaken to secure the
objectives for the far and near field are:

Fig. 1

Hydrodynamic modelling for design of underwater parts of bridge ramp and piers
and of the dredging areas compensating for
the hydraulic impact of these

Location Plan

Biological and Hydrographic Monitoring enabling the investigation of remedial action if environmental criteria are exceeded during construction
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Dredging monitoring as part of the above,
and

The integration of an envirotllllental
monitoring system and a numerical modelling
system can in a wider perspective be considered
as steps towards the discipline "Hydro Informaics", Abbott (1990), aiming at integrating and
enhancing the use of computers within the management of the aquatic environment.

Operational forecast of hydrographic conditions as assistance to contractors and
the Link owner.
The work associated with the hydraulic
side of the environmental studies are undertaken by the Danish Hydraulic Institute (DHI)
in collaboration with LICengineering (LIC) and
the Danish Meteorological Institute (DMI), on
the biological side with Joint Venture consisting of the Water Quality Institute (WQI) and
COWiconsult.

3.

The Monitoring System is used to provide data for verification of numerical models,
Vessel Traffic Service System (VTS), monitoring
of the environment, and for design and forecast
purposes, see M0ller (1989).

In order to manage the large amount of
data a hydrographic information system is setup integrating the monitoring and forecast systems.
2.

The hydrographic and meteorological
forecasts are delivered through this system so
that it will provide not only the modeller with
data, but also the supervising engineer and the
contractor with information for planning purposes.

THE HYDROGRAPHIC INFORMATION SYSTEM

The hydrographic information system
consists of an environmental monitoring part
and a numerical modelling part producing hydrographic forecasts. Data from the monitoring
system are transmitted on-line to the data base
central at DHI in H0rsholm (125 km from the
project site). The numerical forecast models
are installed at the Danish Meteorological Institute' s super computer, which is also linked
to the DHI data central. Here, the forecast
model results are updated with the recent observations. From the data central the users can
obtain information from a large number of sensors, see next Section, and predicted values of
currents and water levels.

The Monitoring System has been in operation since the middle of 1989 and will continue in part until 1996.
3.1

METEOROLOGICAL
DATA

llll

llll

The Monitoring Programme includes long
term deployment of instruments in the Great
Belt. The instruments will provide data on
stratification by measuring temperature, salinity, oxygen and turbidity along vertical
strings. Vertical current profiles are obtained
by Acoustic Doppler Current Profilers mounted
on the sea bed and onboard a permanently deployed survey vessel. An instrument, for detecting the interface between the two water
layers, the AIR (Acoustic Interface Recorder)
has been developed by DHI for this project. The
AIR is deployed onboard the survey vessel and
at several sea bed positions - see Figure 4.
Water levels are measured at several
shore stations located in the Great Belt region, north and south of the project site and
at two light houses located at sea.

FORECAST
MODELLING
SYSTEMS

Wave conditions are measured by wave
riders located in two positions SW and NE of
Sprog0.

OHi

DATA BASE

I.
if

l~11.
1

Meteorological parameters (wind speed,
direction, and gust (10 m, 70 m), air pressure
and precipitation) are measured on Sprog0. Data
are transmitted to DMI, DHI and the National
Research Center - RIS0.

••

. • .'
.

The survey vessel is dedicated to perform various tasks. These are:

l
USER

Fig. 2

System Set-Up

The Monitoring System comprises eighteen permanent measuring stations and a ship
based station - the survey vessel M/S PIP - see
Figure 3.

The information can be obtained from a
work station, linked to the data base, with
menu driven windows for plotting etc., or from
PC's coupled to the central data base by telephone modems. In addition, the daily hydrographic forecast is issued on telefax. See Figure
2.
SENSORS

MONITORING SYSTEM

System Overview.
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a)

Service and maintenance of fixed monitoring stations.

b)

Temporary replacement of malfunctioning
sea stations.

{2)
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TEMPERATURE SALINITY
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TEMPERATURE SALINITY

Station number
03

_ s -..

TEMPERATURE SALINITY

Instrument type
Public tele link
Radio link
Sea cable
-160-i

Model boundary for the
mathematical modelling

TEMPERATURE SALINITY

SYSTEM 22

Instruments, Fixed Stations

-01 WLR
-02 AIR

Acoustic Water Level

-03 ADCP

Acoustic Doppler Current Pro-

-04 WR

Wave Rider

-05 TC

Temp., Cond., 02. Turbidity
String

-06 MET

Meteorological Station

OXYGEN TURBIDITY
TEMPERATURE SALINITY

Acoustic Interface Level
filer

ACOUSTIC DOPPLER CURRENT PROFILER
ACOUSTIC INTERFACE RECORDER

Fig. 4

Example of Monitoring Station

Instruments, Vessel

-31 ADCP

Acoustic Doppler Current Pro-

-32 AIR

Acoustic Interface Recorder

-33 CTD

Temp., Cond, 02' Turbidity,
Flouros., Profiler,

-34 ES

Echosounder

filer

-35 SYLEDIS Positioning System
-36 EMCP

Electromagnetic Current Pro-

Horizontal distribution of hydrographic
parameters for verification of mathematical modelling systems.

d)

Tracing of sediment plumes during dredging
operations.

For these tasks it is equipped with a variety
of profiling instruments and a radio and data
communication link.

filer

Fig. 3

c)

The Monitoring System
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To pilot the survey vessel during plume tracings the following installations are used:

This system information is used by the
service team for correction of errors and for
the planning of station service visits.

Signal processing software interfaced with
the Acounstic Doppler Current Profiler
giving vertical concentration profiles of
'suspended sediments' in surveyed lines.

A more profound description is given in DHI
(1990).
4.

A on-line Lagrangarian sediment plume model, which can be run interactively in a
' now-cast' mode using the instantaneous
current measurements from one of the fixed
stations, or in a forecast mode using the
prognosticated current. This facility is
used to plan near-field suspension and
sediment monitoring, see Figure 5.

The forecast data available in the
hydrographic information system are water
levels and the current velocity in the upper
layer of the Belt, for a five day period. The
wind and air pressure over the North Sea and
the Baltic are together with the tidal motions
governing the hydrographic conditions in the
Great Belt; but also the density difference
between the brackish Baltic Sea and the southern Northsea Water contributes. By use of
coupled meteorological and hydrodynamic models,
and extensive use of the monitoring system, it
is possible to predict the water levels and
currents for these complex hydrographic conditions .
The numerical weather prediction model
presently being used is the UKI.AM model (United
Kingdom Limited Area Model) producing short
range forecasts 0-36 hours ahead and the global
ECMWF (European Centre for Medium Range Weather Forecast) from which 36 hours - 5 days forecasts are used. The UKI.AM will during the autumn 1990 be replaced by the Danish Meteorological Institute's version of the HIRI.AM model
(High Resolution Limited Area Model), describing the meteorological situation over Denmark
in more details. These models provide wind
speed and direction (10 m height) which together with the air pressure are input to the
hydrodynamic model, SYSTEM 21 (S21) developed
by DHI, describing depth integrated two-dimensional flow. Three computational dbmains are
set-up: A coarse grid domain (Dx - 18520 m)
covering the North Sea and the Baltic, a medium
coarse grid domain (Dx - 6173 m) covering the
transition area, and a fine grid domain (Dx 2057 m) covering the Danish Belts. The bathymetry of the domains can be seen in Figure 6.

A LAGRANGEIAN SEDIMENT PLUME MODEL DEVELOPED
BY OHi IS USED PLAN NEAR FIELD SUSPENSION AND
SEDIMENTATION MONITORING

Fig. 5

3.2

THE HYDROGRAPHIC FORECAST SYSTEM

Sediment Plume Simulation by the
PARTICLE Model.
Data Collection and System Control

Data collection and transmission from
the various on-line sensors to the Data Center
at DHI is managed and controlled by a central
computer - UNIX work station.

The hydrodynamic equations are solved
simultaneously in the three computational
grids. The coarse grid is used to pick-up the
boundary conditions which are specified by the
tidal level adjusted by the atmospheric pressure forcing level. The wind shear stress and
atmospheric pressure fields constitute the free
surface boundary condition.

The central control computer performs
' the following tasks at regular intervals:
Data collection from shore based systems.
Data collection from the Sprog0 data center.
Provides timing information to all subsystems (GMT).
Preprocessing and organizing of data.
Issues automatic alarms for missing or
corrupted data.
Provides data for on-line display to external users.

The output from the hydrodynamic model
is predicted water levels and currents averaged
over the water column. For the Great Belt, the
stations below are of interest:

Check procedures are implemented in the
system which among others monitor the format of
the data telegrams, the sensor status paranaeters indicating instrument performance and that
data are within realistic intervals etc.
In case of any observed malfunctions
alarms and warnings are automatically produced
and stored in error and information logs.
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Location

Station

Item

Slipshavn
Vesterrenden
0sterrenden
Korser

SBF06
SBF07
SBF09
SBFlO

Water Level
Current
Current
Water Level

(Gridspacing 18520 m )

Experience has shown that the variation
in time of the mean flow in the Great Belt follows the variation in the upper layer, but can
be different in strength. A correlation procedure between measured and calculated time
series have therefore been established. The
procedure consists of a simple linear regression correlation between measured and hindcast model data from the preceding day. The
result from the regression is then used to calibrate the forecast.
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In addition, a Kalman Filter Technique
is used to assimilate measurements and model
results V1 to forecast current velocities V..,.,,1 •
The application is based upon Harrison and
Stevens (1976). The following prediction model
is assumed:
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where V.....,1 is a 24 hourly moving average of S21
velocities, Vm is the last measurements of the
upper layer current, V a time independent constant, and f a linear time dependent function
decreasing from 1.0 to 0.0 in six hours. The
assumption is that the value to be predicted at
time t depends on the last observation of the
surface layer current, gradually decreasing in
weight within the next six hours, a constant
correcting for an offset, a moving average of
the S21 velocities, reflecting changes in flow
direction, and the S21 velocity.

(Gridspacing 6173 m )
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The Kalman filter calculates, for each
forecast time step t, the optimal estimate for
a, b, c and d, by minimizing the prediction
error.
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It also turned out to be feasible to
perform a linear regression between measured
and calculated water levels in order to adjust
the water level forecasts.

20
( Gridspccing 2058 m )

In the daily operational procedure the
alternatives above are evaluated and the most
realistic is issued to the users.
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On routine basis forecasted and measured values are compared. The quality of the hydrographic forecast depends directly on the
quality of meteorological forecast, which is
normally in a satisfactory agreement with observation, at least within the first 1-2 days,
whereupon the predictions become more uncertain.
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In order to evaluate the quality of the
forecasts, extreme values of forecasted and
measured parameters are compared. This is done
on a monthly basis. In Figure 7 can be seen an
example of the first day forecast of water
levels in SBFlO versus observations for the
month of July 1990. In Figure 8 can be seen the
current forecast versus observations, SBF07,
also for July 1990. The data points are nicely
scattered around the straight line x - y, as
expected.
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Bathymetry of the three computational domains for S21 (depth in
meters).
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Another measure describing .t he quality
of the forecast is obtained by calculating the
root mean square error of the difference between the maximum predicted and observed values . The first six months of operation indicate that the rms. errors of the water level
and current forecast for the first day are
about 0.1 m and 0.25 m/s, respectively. These
numbers should be compared with typical water
levels of 0.4 m and currents of 1.0 m/s.

5.

USER INTERFACE

5.1

Central Computer

In the central computer is installed a
generalized data disply and management package
developed for use on engineering workstations - the X-Windows Display System (XDISP). The package is based on common industry
standards for Graphical User Interfaces, and
enables the user to build a customized, interactive graphical user interface for use as
front-end to an on-line monitoring system or
similar systems .

For a detailed description of the forecast system, see Vested et al. (1990).

The following features are included:
l:i. sbf07 meas versus sbf07 fore 1 da y

~
E

2 .0

, .5

i .0

.

0.5

/

l:i.

/

User configurable base map including zoom
facility - see Figure 9.
User configurable sensor station location
overlay.
User configurable sensor station definition.
Library of plot routines for common data
set types (time series, profiles, etc.) see Figure 10.
Interactive graphical editor for time
series data.
Interface to ORACLE based data base system
for data storage .
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X-DISP has been developed specifically
as a generalized package for building customized user interfaces for hydrographic or hydrological monitoring systems. However, the system
is easily adapted for use in connection with
any other kind of on-line monitoring system .
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X-DISP is
allowing the user
new sensor types,
new communication
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Comparison between extreme values
of first day forecasts of upper
layer currents in SBF07, July 1990.

Qull

Help

by design an OPEN package,
to add new elements, such as:
customized plotting routines,
modules, etc.

Plot

l:i. sbf10 meas versus sbf10 fore 1 day
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Fig. 9
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Fig. 8

Comparison between extreme values
of first day forecasts of water
levels in SBFlO, July 1990.
304

Computer Map of Denmark with zoom
on the Great Belt and station locations as push-buttons.
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Examples of data plots - Time
series of current measurements and
current velocity profile.
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5.2

7.

PC's - External Users

Meller, J. S., "Denmarks Great Belt
Link, Environmental and Hydrodynamic Issues".
Paper presented at ASCE Annual Convention, New
Orleans, October 1989. Danish Hydraulic Institute, 1989.

The user can, with the help of a PC,
gain access to the data base as follows:
1.

2.

The user starts a program on the PC: The
program displays a screen picture providing access to a number of menues, which
enables the user to specify the data required (station(s), data types and time
period).

Abbott, M. B., "The Hydraulics of the
Informational Revolution, Hydroinformatics".
International Institute for Hydraulic and Environmental Engineering, Delft, The Netherlands,
April 1990.

When these have been specified, the program automatically calls a DHI host computer, and specifies the necessary user
name and access codes to establish access
to the system.

3.

The selected data is then automatically
transferred back to the user's PC, and the
telephone link is closed.

4.

The user can now choose to make use of the
built-in presentation programs, to show
the selected data on the screen, or to
process the data further according to requirements. The built-in programs can display the received data, primarily as x-t
plots, or generate a printout - see Figure
11.
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5.9

THE INTERACTIVE NWS RIVER FORECAST PROGRAM

Donna Page
Hydrologic Research Laboratory, National Weather Service
National Oceanic and Atomspheric Administration
Silver Spring, MD
1.

forecast group may be highlighted at a time, so selecting another
forecast group name causes the first to return to normal and
the second to be highlighted. The forecast group that is
highlighted when the Begin button is selected is the one that will
be run.

INTRODUCTION

Recent increases in the capability of scientific workstations in
computing power and graphical display have opened up new ways
to approach the use of large computer models. By taking
advantage of the ability of the scientific workstation to run
several tasks and show several views at one time, it is now
practical to allow model users to graphically display model input
and output and to interactively make modificatfons.

The IFP needs to know the dates to use for the run. Three dates
need to be set; the starting date for the run, the end of the
observed data period, and the end of the simulation period. The
forecaster may change the default run dates by selecting the
Set_Dates option from the main NWSRFS menu. A window is
displayed that shows the default dates and allows the user to
change them (Fig. 2). Components of the dates are month, day,
year, hour, and time zone code. Each of these is in a box that,
when selected, is highlighted in reverse video. When a
component is highlighted, the arrow icons can be used to change
the value that is displayed. When all three dates are correct the
user selects the Set button and stores the dates for use by
NWSRFS to get the appropriate data for the run.

The Na~ion~l Weather Service (NWS) Office of Hydrology is
developmg JUSt such a program for use in their River Forecast
Centers (RFCs) as part of the NWS modemiz.ation effort and the
PROTEUS (Prototype RFC Operational Testing, Evaluation, and
User Simulation) project. This program, the Interactive Forecast
Program (IFP), allows river forecasters to run the National
Weather Service River Forecast System (NWSRFS) models
(Anderson, 1986), view model results in a graphical mode, and
easily ~ake modifications to data and parameters to produce
more timely, accurate forecasts of river flows.

After a forecast group is selected, the IFP reads the appropriate
files to determine how the forecast points in the group are
connected and creates a schematic display of the forecast point
connectivity (Fig 3). This display, a Forecast Group Map or
FG_Map, appears on the screen in a scrollable window.
Forecast points are oriented from upstream on the left to
downstream on the right.

The IFP runs on a scientific workstation with a UNIX operating
sy~tem and the. X Window System. The program is written in C,
usmg the X Wmdow System interclient communications links to
existing FORTRAN code to model the hydrologic pro~ses, and
a commercially available graphics package. The IFP depends on
the use of a mouse driven cursor to point to and select from
options that appear on the screen in popup windows. Some of
these windows also accept keyboard input. The windows are
designed to present the user with an easy to use, consistent
g~aphical interface to the NWSRFS. The design concepts of the
wmdows are outlined in Adams (1991).
2.

Associated with this display is a three button FG_Map menu that
allows the user to choose whether or not the map and/or the
associated list of forecast points are to be displayed (Fig. 3). This
allows the user to have rapid access to the map and list but not
take up space on the workstation screen when other displays are
shown.

NWSRFS INTERACTIVE FORECAST PROGRAM

In the FG_Map display, forecast point names are color coded
based on the river condition at the time of the run. Names are
displayed in green, yellow, or red to indicate whether the river is
in normal, alert, or flood condition, respectively. Selecting the
name of a forecast point with the right mouse button outlines the
name and brings up a second window that has additional
information about that point (Fig. 3). Any number of forecast
point information windows can be brought up at one time.
When the user is finished looking at the information, the Done
button can be selected. This removes the additional display and
the outline of the forecast point name on the FG_Map display.
Selecting the forecast point name with the left mouse button
causes that point to be selected and the name displayed in reverse
video. Selecting again will unselect the point and the name will
be displayed normally. Selection of a forecast point is important
for two of the options for controlling how the points of the
forecast group are run.

The display w~ndows a.vailable in the IFP fall into three groups
~ased on. the mfor~auon they contain. One type presents
mformat1on for settmg up and displaying the progress of the
~WSR~ simulation run. Another displays input and output
time senes and allows the forecaster to make modifications to
them. The third type allows other run-time modifications to be
made to the specific NWSRFS model inputs. Wiele and Smith
(199.1) discuss the structure of the NWSRFS, the purpose of
ma~n_g r~n-ti~e m~difications, and the advantages of making
mod1ficat10ns man mteractive environment.
2.1

Setup and Display NWSRFS Run Windows

To start an IFP session, the initial display allows the user to
choos~ which forecast group to run (Fig. 1). A forecast group is
a preVIously defined set of forecast points, ordered from upstream
to ~o~stream along a river. The forecast group is chosen by
pomtmg to and selecting the name with the mouse. When
selected, the name becomes highlighted by reversing the
foreground and background colors (reverse video). Only one

There are three options in the main menu for running the model
for the forecast points (Fig. 4). The Run_All option will begin
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type. Time series type is determined by type of data that time
series represents. The letters that follow the period in the time
series name (i.e. QIN or MAP) indicate the code Qsed by
NWSRFS to distinguish the various data types used by the
models. If there are more than one time series of the same type,
they are distinguished by the symbols used to plot the points. A
legend appears at the bottom of the window that has the color
coded time series name and the symbol used for plotting. All
time series points are connected by lines except the observed data
time series which is plotted with just the symbol. Figure 6 shows
one observed (WTT02.QIN) and two output time series
(WTT02.SQIN and WTT02.QINE) plotted. The values for the
two output time series are the same so the two separate plots are
not obvious.

execution of the hydrology portion of NWSRFS for each forecast
point in the forecast group starting at the furthest upstream point
and cycling through all points going downstream. The other two
options allow the user to choose a subset of the forecast group by
first selecting a forecast point, as discussed above, then choosing
either the Run_Upstream or Run_Partial options.
Run_Upstream cycles through all forecast poiqts that are
upstream from the selected one starting with the most upstream
and working downstream. Run_Partlal is a special case of
Run Upstream that allows the user to remove individual forecast
points from the selected subset of points.
For each run op~ion, two additional windows are displayed. One
shows a schematic of the forecast points that are going to be run.
The second contains a list of forecast point names in their
computational order and the dates that are set for the current
run. If the user is satisfied with the proposed run, the Begin
button is selected and the hy<Jrologic simulation begins. For the
. Run_Partial option, before the final windows appear, a schematic
of all points upstream from the selected point is shown with the
option for the user to select forecast point names to delete from
the run (Fig. 4). These points are then listed for further review.
When the user is finished removing forecast points for the
current run, OK is selected and the schematic is redrawn with the
points deleted and a final list of forecast points is displayed
showing the proposed run (Fig. 5).

In addition to the time series lines, other lines appear on the
hydro graph. There is a vertical blue dashed line ·that indicates
the end of the observed data period. Depending on the scale of
the data, color coded horizontal lines for alert, flood, and
maximum flood of record could also appear. The alert and flood
lines are color coded in yellow and red, respectively, as that they
are in the FG_Map display.
There are two columns of data displayed on the right side of the
window. They contain the data (time and values) for one of the
time series. If more data appears on the hydrograph plot than in
the tables, the arrows at the bottom of the columns allow the
user to scroll through the data set.

During the run, the schematic presents the flow conditions as
each forecast point is processed by showing the color coded
names for points that have been run and highlighting the current
point. Forecast points that have not been run are displayed in
white.

As previously mentioned, the forecaster can use this display to

interactively make changes in the time series data for the model.
This may be necessary if, for example, the forecaster receives a
corrected value from an observation point. There are two ways
to do this, either by drawing in points on the graph or by
entering new values into the table. To enter points on the
graph, the name of the time series in the legend is selected. The
graph is redrawn with the selected time series displayed in white
and a series of vertical lines drawn on the graph (Fig. 7). New
values are then chosen by selecting on the graph where the new
values should be. An open circle is drawn at the selected point.
After entering all new values, the name of the time series is
selected again and the graph is redrawn with the new values
shown in the graph (Fig. 8) and in the table.

The color coded FG_Map schematic allows the user to
immediately see the current condition of the river. If all of the
points are in normal flow condition the user may decide to select
the Run_All option from the main menu. If there are areas that
are in alert or flood condition, the forecaster may decide to
concentrate on making forecasts for those points first using the
Run_Upstream or Run_Partial options.
2.2

Time Series Data Display and Modification Windows

When the run begins, the parametric, time series, and current
condition data for the first forecast point are read and the
NWSRFS models that have been defined for that point are run.
·These include some of the snow, rainfall-runoff, and routing
procedures described in Wiele and Smith (1991). When the
models have been run for the forecast point, the second major
type of display appears on the screen (Fig. 6). These windows
are graphical data display windows that contain the various time
series that are model input and output, displayed in graphical
plots and/or in tables. The values in these time series can be
adjusted by the user and the new values used in subsequent
model n,ms.

In order to change a time series value in the table, the value to
be changed is selected and a highlighted box appears in the table
for the user to type a new value. When the Enter key is pressed
the window is redrawn with the new value displayed in the table
and in the graph.
Other actions that can be taken from this window result from
selecting the buttons that are in the lower right corner. The
tables button brings up another window that may contain up to
nine time series for the forecaster to view (Fig. 9). To get
another time series displayed in the original time series window,
the name of that time series in the tables window is selected and
the time series is copied into the first window.

The initial data display contains the forecast point name, graphs,
tabular data, information lines, and buttons that, when selected,
trigger other tasks. There are two types of graphs displayed.
Near ~he top of the screen, under the forecast point name, are
two bar graphs that display the mean areal precipitation (MAP)
and runoff or stream inflow (INFW) time series for the forecast
point (Fig. 6). The values displayed are for the observed
accumulation over the last time interval (6 hours, in this case). If
any precipitation has been forecast for the time period beyond
the observed precipitation, it is displayed on the MAP bar graph
in a different color.

The other mods button brings up windows that allow for model
specific run-time modifications. These windows are described
below. The undo last button allows the user to return the most
recently changed time series to its previous state. The quit
button allows the user to terminate the run completely.
The rerun and next buttons control the cycling of the IFP
through the forecast points. When the user is finished making
modifications, rerun is selected and the NWSRFS hydrologic
models for the forecast point are rerun using the modifications.
When this is completed, a new time series window is drawn (Fig.
10). The forecaster may make several iterations of this run-time
modification process until the results are judged satisfactory.

The other type of graph is a hydrograph showing the various time
series data used or generate<;! by the NWSRFS models (Fig. 6).
They are plotted in a color coded scheme according to time series

308

309

The third category of mods contains those that allow the user to
change how values for a time period are used. Figure 22 shows
the mod to tell NWSRFS to treat certain values for a time series
as missing data (SETMSNG). This would be used if there were
incorrect observed data. The user selects the dates that the
values are to be set to missing for the selected time series. The
list of time series is equivalent to the list of operations for other
mods and individual time series can be selected.

When the forecaster is satisfied with the results of a run, the next
button is selected, causing the hydrology to be run for the next
forecast point downstream and displaying a new time series
window (Fig. 11 ). It is in this cycle of running a forecast point,
making modifications, and moving to the next forecast point, that
the IFP moves through a forecast group.
2.3

Other Run-Time Modification Windows

When a mod is completed, OK is selected in its mod window and
it disappears. The information for the modification is written t~
a file in the proper format for NWSRFS. When the forecaster is
finished making all other mods changes, the done button is
selected in the main mods window and control returns to the
time series window.

The button labeled other mods brings up the third major type of
windows in the IFP. They are important for letting the forecaster
make modifications (mods) to other model inputs that may not
be time series. When selected, the main mods window is
displayed that shows the name of the last run-time mod (Fig. 12).
Pressing the left mouse button while the cursor is on this name
brings up another window with a list of the available
modifications. As the cursor is dragged through this list, the
names of mods that would be appropriate to use with the current
NWSRFS run become highlighted. To select one, the mouse
button is released while the name is highlighted.

3.

IFP RUN SEQUENCE

The typical IFP run is a five step sequence outlined below:

After the selection, another window comes up that has
information and choices about that particular modification
(Fig. 13). Although each mod has slightly different information
displayed, depending on its requirements, all have the name of
the mod and a list of the operations defined for the NWSRFS
run that it can be applied to. Initially, all operations in the list
are highlighted but by selecting the names of operations, the user
can unselect (unhighlight) ones the mod will not be applied to.
In general, the dates the mod will be applied to will also be
displayed. In some cases, they may be changed (in the same
manner as in the Set_Dates window described earlier). In others,
they are displayed for information only.
There are many variations in the information needed for the
different mods but they can be grouped into three broad
categories. The first is modifications that require a single input
value, such as the snow model's (Anderson, 1978) melt factor
correction (MFC) option (Fig. 14). For these modifications, the
value is entered from the keyboard in the appropriate box. As it
is entered it is checked to make sure it is within acceptable limits.
If it is not, a warning or error message window appears with
information about the range allowed for the parameter. Other
information about the modification such as the dates and the
operations it applies to may also be displayed and in some cases
altered.

1.

Select a forecast group.

2.

Set the dates for the NWSRFS run.

3.

Choose the set of forecast points to run.

4.

For each forecast point:

5.

The second category contains mods to change values of time
series not displayed in the hydrograph portion of the time series
window. These allow the user to make changes to a time series
either on the graph plot or in the data table, the same ways as in
the original hydrograph plot. Figures 15-18 demonstrate this
with the unit hydrograph change mod (UHGCHNG).
When the user selects the Plot option (Fig. 15), a new window
displaying the unit hydrograph and the parametric data for it
appears (Fig. 16). The name of the unit hydrograph is selected
and the graph is redrawn in the mode that allows changes
(Fig. 17). The points for the new values are selected and open
circles drawn. When all the new points are entered, the unit
hydrograph name is selected again and the graph is redrawn with
the new values plotted and displayed in the data table (Fig. 18).
Another example of this type of mod is shown in Figures 19-21.
When the rainfall change (RRICHNG) option is chosen (Fig. 19)
a window opens that displays the same precipitation data that is
plotted in the top bar graph on the original time series window.
This view allows for changes to the precipitation data in the same
ways discussed above. Figure 20 shows a new value being entered
"1 ~ftom the table (a value of 50 mm at day 14 hour 18). A new bar
is added to the graph when the screen is redrawn (Fig. 21).
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a.

Look at model results

b.

Make necessary modifications

c.

Rerun the NWSRFS hydrology

d.

Repeat steps 4a-4c until the forecaster is
satisfied with the results graphically displayed

e.

Run the next forecast point

Store modifications made to forecast points for
future NWSRFS simulation runs.
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4.

SUMMARY

The Interactive Forecast Program (IFP) is a graphical user
interface to the National Weather Service River Forecast System
(NWSRFS) models. It consists of a series of interactive windows
that allow forecasters to easily set up an NWSRFS run, make
modifications to the model input, and quickly see the results in
graphical displays. The IFP, developed as part of the NWS
modernization effort, makes more information available to
forecasters in a timely, efficient manner, allowing them to better
use their hydrologic training and skills to improve river forecasts.
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5.10

IMPROVED HYDROLOGIC FORECASTING WITH THE
INTERACTIVE NWS RIVER FORECASTING PROGRAM

Stephen M. Wiele and George F. Smith
Hydrologic Research Laboratory, National Weather Service
National Oceanic and Atmospheric Administration
Silver Spring, MD
1.

INTRODUCTION

2.

Since 1971, the National Weather Service has been developing
and implementing the National Weather Service River Forecast
System (NWSRFS) which consists of a series of computer
programs that process data and model physical processes. It has
typically been run as a batch program by forecasters at NWS
River Forecast Centers (RFCs), submitted to the NOAA Central
Computer Facility over dedicated communication lines.

RIVER FORECASTING IN THE NWS

The forecast component of NWSRFS consists of models that
simulate snow accumulation and ablation; average
evapotranspiration; base flow, interflow, and surface runoff;
reservoir operations; and river routing (Curtis and Smith, 1976;
Hudlow and Brazil, 1982; and Anderson, 1986). Several different
models are available for most types of processes (Table 1).
Observed data that is input to the models consist of precipitation,
temperature, and river stages or discharges. Prior to computing
the simulated river stages, the models within NWSRFS generate
snowmelt, baseflow, and runoff .from observed data, or the output
of other models.

As part of the modernization of the NWS, computer facilities at

the thirteen RFCs throughout the country (Fig. 1) will be
upgraded. NWSRFS will be run on-site at the RFCs and the
forecasters will be running the interactive programs that control
NWSRFS on scientific workstations. Among the benefits the
workstation environment will offer are: (1) rapid running of the
forecast programs and (2) a graphical user interface that will
replace the card image job control and line printer output.

Table 1. Models and operations within NWSRFS.
HYDR0-17 Snow Model
Rainfall-runoff
Sacramento Soil Moisture Accounting
Ohio RFC API Rainfall-runoff model
Middle Atlantic RFC API Rainfall-runoff model
Central Region RFC API Rainfall-runoff model
Colorado RFC API Rainfall-runoff model
Xinanjiang Soil Moisture Accounting
Channel routing
Channel loss
Dynamic wave routing
Lag and K routing
Layered coefficient routing
Muskingam routing
Tatum routing
Stage-discharge conversion
Single reservoir simulation model
Unit hydrograph

i

L ·········--········_j_ _________ ._....~
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Fig. 1. Boundaries of the River Forecast Centers. The shaded
area covers the Tulsa RFC.

Utilitv operations
Baseflow generation
Computation of mean discharge
Instantaneous discharge plot
Clear time series
Add or subtract time series
Weight time series
Change time interval
West Gulf RFC tabular operational display
Table lookup
Plot time series
Tulsa RFC operational plot
Adjust simulated discharge

The RFC river forecaster is confronted with vast amounts of
information but has a limited time in which to produce a
forecast. This information needs to be evaluated and
possibly adjusted. The interactive forecast program is intended to
enable the forecaster to run forecasts and respond to the results
more efficiently and accurately.
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River systems within the responsibility of the each ~~C a~e
divided into forecast groups which are further subdivided mto
river segments. The forecast group consists .of a netwo~k of
connected rivers. Segments are reaches of nvers to which the
models are applied. The downstream boundary of a seg~ent is
the forecast point, the location to which the foreca~t of ~v~r
stage applies. The forecast groups and forecast pomts Withm the
Tulsa RFC shown in Figure 2.

3.

FORECAST ADJUSTMENTS

Inaccurate reports of observed values, simplifications in
conceptual models, insufficient accuracy in calibration, and
.
conditions that deviate from the norm can all degrade the fidelity
of simulations. The effects of these can be mitigated by the
insight and judgement of the forecaster with the aid of
procedures in NWSRFS that enable them to modify parameters
and time series. These modifications (known within the NWS as
run-time mods) are applied to segments where necessary.and the
segment simulations are rerun. A few of the adjustments
available are discussed below.

The forecaster begins a forecast with the segment located at the
upstream boundary of the forecast group (if the forecast group
encompasses a confluence,there will be more than one upstream
boundary). The forecast component of NWSRFS is applied to
each segment of the forecast group in sequence working
downstream. The time series that are produced for a segment
serve as the upstream boundary conditions for the next segment
downstream.

3.1

Observed data

One set of modifications allows for the correction of observed
data. Automatically reported river stages, for example, may
include values that are clearly inconsistent with neighboring
values, show no variation over a suspiciously long period of time
(due possibly to a frozen gage), or extend beyond a reasonable
range. The forecaster has the option of removing suspect data or
substituting correct values supplied by another source. Figure 3a
shows an example from the North Central RFC in Minneapolis
that illustrates what might confront the forecaster. The stage
reported automatically is obviously in error at day 23 and hour 7.
It is orders of magnitude greater the maximum flood of record of
620 ems. Removal of that point, and the accompanying
adjustment of the vertical scale, reveals the true hydrograph
(Fig. 3b ). The sharp rise at the end of the observed is consistent
with hydrographs of nearby streams and the preceding
precipitation.
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Fig. 2. Forecast grou.. ad lncast poln11 wltbln the Tulsa
RFC. The shaded area is the Keystone to Pine Bid forecast
group.
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20-13

Currently, an entire forecast group is submitted as a batch job to
the NWS Central Computer Facility in Suitland, Maryland. Run
times are typically about five minutes, but may be as long as
twenty minutes. If adjustments to the forecast are necessary (next
section), they are made where necessary to each segment within
the forecast group and the job is resubmitted.

22-13

24-13

26-13

28-13

day-hr
Fig. 3a. Discharge determined from automatically reported
stages. The incorrect value at day 23, hour 7 is orders of
magnitude above the maximum flood of record.

With the modernization of the NWS over the next few years, the
RFCs will have the facilities to run NWSRFS on-site (see Fread,
Smith, and Day, 1991). The forecast component, under the
control of the Interactive Forecast Program (IFP) will be run on
a scientific workstation (see Page, 1991 ). Upon choosing a
forecast group, an initial run of NWSRFS will produce a forecast
for the entire forecast group. The forecaster will then be able to
review the results and refine the forecast one segment at a time
while working downstream.
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The IFP is under development at the NWS Office of Hydrology
(OH) as part of the PROTEUS Project. The modular structure
of NWSRFS has allowed it to evolve since its initial release.
New and modified operations have been added both at OH and
by the RFCs to adapt NWSRFS to the particular needs and
preferences of some RFCs. An interactive version of NWSRFS
was first proposed by Brazil and Smith (1981 ).
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Fig. 3b. True hydrograph after removal of the bad value shown
in 3a.
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3.2

A method of blending is illustrated in Figure 5. Here, the best
estimate in the forecast period is determined by adding a linearly
decreasing percentage of the difference between the simulated
and last observed values to the subsequent simulated values.

Rainfall-runoff models

If the simulated hydrograph significantly differs from reliable
observed values, the models can be temporarily altered to account
for differences between calibration and current conditions. This
can be illustrated with an example using rainfall-runoff models.

600~------------------~--~~--.

best egtimate simulated

Rainfall-runoff models are used to determine surface runoff from
precipitation. Some models, such as Antecedent Precipitation
Index (API) models, are calibrated for average conditions for a
given time of year. Figure 4 shows part of a nomograph typical
of API type models. The family of curves represent the effect of
the time of year. If conditions preceding a storm event differ
from the average conditions used for calibration, it can be
represented in the model by shifting the position along the
ordinate.
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Fig. 5. Blending produces a best estimate in the forecast period
based on the difference between the last observed value and the
corresponding simulated value. A linearly decreasing percentage
of that difference is added to the simulated over the next eight
time periods.
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The Keystone to Pine Bluff Forecast Group is located within the
area covered by of the Tulsa, OK RFC (Fig. 6). Tahlequah and
Watts segments are two connected reaches on the Illinois River
(not to be confused with the Illinois River in Illinois) and are
shown in Figure 7. Watts is the upstream-most segment; its
discharge is determined solely by precipitation within the basin
surrounding the segment. The discharge is determined directly
from the runoff with a unit hydrograph. The Watts discharge
serves as an upstream input to the Tahlequah segment.

Q)

4
3
2
1
basin recharge (inches)

u
Q)
+-'
c

ro

Fig. 4. Northwest quadrant of a nomograph used in Antecedent
Precipitation Index rainfall-runoff models (After Linsey, Kohler,
and Paulhus, 1982, Fig. 8-5). Each curve represents conditions
for a given time of year.

3.3

A CASE STUDY

Unit hydrograph

The translation of runoff in a basin to stream discharge
represented by a unit hydrograph implicitly assumes unifotm
precipitation over the basin. Local variability of rainfall intensity,
which can strongly affect the response time of the stream, in the
individual events used to synthesize the unit hydrograph are
averaged out. One of the modifications available in NWSRFS
allows for the distortion of the unit hydrograph to account for
variability in rainfall intensity. Currently, forecasters must
depend upon gage data, which can be sparse, but with the
implementation of NEXRAD (Next Generation Weather Radar,
see Shedd and Smith, 1991) a far more complete picture of
rainfall distribution will be available.

Keystone

Pine Bluff

3.4
Under mild conditions, river forecasts can be routinely generated.
If river stage is well below flood stage, small differences between
simulated and observed, except where navigability of rivers is
important, are of relatively little consequence. Under active
conditions, however, producing simulations that show good
agreement with observed by adjusting J>asic physical parameters
may not be possible in the time available. Blending procedures
that combine the simulated and observed provide a best estimate
under these conditions.

Fie. 6. Keystone to Pine Bluff forecast group. The shaded area
highlights the Illinois River Basin shown in Figure 7.
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Fig. 9. Initial simulation of discharge at the Ta~lequa~ forecast
point prior to any adjustments. Note the unders1mulation at the
end of the obseived period.
Fig. 7. The Watts (W1T02) and Tahlequah (TAL02) segments
within the Keystone to Pine Bluff forecast group.

There are several ways this could be accounted for in NWSRFS.
While the amount of precipitation in a basin can be adjusted, its
distribution cannot. To account for an uneven distribution of
precipitation within a basin, the forecaster would have three
choices: adjust the amount and the timing of the precipitation,
adjust the runoff, or adjust the unit hydrograph. The first two
could be accomplished by entering new values at the appropriate
times that replace the reported (precipitation) or calculated
(runoft) values that were input to the runoff and routing models.

The mean areal precipitation (MAP) for the run period preceding
the current time is determined from a weighted average gages in
or near the basin (Fig. 8). An initial run of NWSRFS using rain
gage data produced the simulated stage shown in Figure 9, which
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also shows the reported observed stages. The simulated
hydrograph agrees well with the observed up to the point where
the hydrograph begins to rise near the end of the observed
period. The radar image displaying the distribution of the
rainfall shows that the storm did not cover a large area and that
its locus is close to the Watts forecast point (Fig. 10). The
undersimulation of the rising limb of the hydrograph is most
likely a result of the bulk of the rainfall and runoff occurring
near the location of the stage recorder, which is also close to the
forecast point.

Fig. 10. Isohyetal map showing the uneven distribution of
precipitation in the Watts segment.
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2,000

Although not necessarily the easiest modification to make or the
one all forecasters would choose, the change to the unit
hydrograph is demonstrated here. The unit hydrograph for the
Tahlequah segment is shown in Figure 11. To reflect the effect
of the rain distribution in this case, it should be skewed to the
left. There are currently no analytical methods of determining the
shape of the unit hydrograph that best suits unusual conditions,
but NWSRFS does automatically adjust the new coordinate in
such a way that volume is conserved. A few iterations produces
the unit hydrograph shown in Figure 11. The new simulated
hydrograph (Fig. 12) agrees well with the observed values.
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Fig. 12 Simulation of the discharge at the Tablequah ~t
point after adjustment of the unit hydrograph.
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Fig. 11. The calibrated unit hydrograph and modified unit
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The forecast can be further refined with the addition of the
Quantitative Precipitation Forecast (QPF) which consists of a
predicted volume of rainfall that will occur over a given area
within the next forecast period, usually six hours. The QPF is
currently made by the National Meteorology Center and
distributed to the RFCs by Weather Service Forecast Offices.
With the implementation of NEXRAD (Shedd and Smith, 1991),
the QPF will be refined at the RFC by a hydrometeorologist for
use in the forecast.

2-13
day-hr

3-13

4-13

Fig. 13. Simulation of the discharge at the Tahlequah .f~recast
point after adjustment of the unit hydrograph and addition of
QPF.

5.

The effect of an addition of 2.5 cm for the next 6 hours can be
seen in Figure 13. More rain on an already waterlogged soil
drives the peak discharge up another 170 ems.

SUMMARY

NWSRFS is a conceptual hydrologic model that is capable of
producing river forecasts with minimum human interaction.
Under some circumstances, however, the forecast can be greatly
improved by knowledgeable users. NWSRFS has the flexibility to
reduce errors due to inaccuracies in the calibration or inherent in
simplifying assumptions or due to unusual conditions. The ability
to take advantage of this flexibility has been dampened by the
relatively cumbersome and sluggish off-site batch runs and line
printer graphical displays. The ability of the Interactive Forecast
Program to run the models rapidly, view the results, and modify
the input if necessary will help forecasters take full advantage of
NWSRFS and make better forecasts.

With good agreement between the observed and simulated, the
forecaster would be ready to move on to the Tenkiller segment
where the Tahlequah discharge would be used as inflow.

6.
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1.

remove erroneous radar data (Ahnert et al., 1983). Stage 2
processing will also be performed at the WFO but on the AWIPS
computer. Stage 2 will use additional rain gage data as well as
satellite data for quality control to produce a multi-sensor field,
merging the radar and gage information through an objective
analysis procedure, and a 'gage-only' field. Stage 3 processing,
the focus of this paper, will be run at the RFCs, mosaicking the
Stage 2 products from all the WFOs in the RFC area of
responsibility in order to develop the best possible estimate of
precipitation. Stage 3 is the only stage that is interactive and
therefore the only stage in which the forecaster will have an
opportunity to affect the precipitation field. Significant effort has
been made in Stages 1 and 2 to minimize data contamination
through various automated quality control procedures. However,
not all bad data will be able to be removed automatically. The
human eye is still better at pattern recognition requiring the use
of these interactive techniques to correct the data. Further
description of the three stages of processing can be found in
Hudlow et al.(1983; 1989), and Hudlow, (1990).

INTRODUCTION

The National Weather Service (NWS) is about to undergo an
extensive modemii.ation program which will involve new radar
systems and new communications and computational equipment
to aid in weather forecasting. One of the key pieces of data that
the NWS requires is estimates of precipitation. Precipitation
data is used by the meteorological forecasters for the issuance of
flash flood forecasts and is crucial to the hydrologic forecaster
preparing main stem river forecasts. The NWS Office of
Hydrology (OH) has been leading the efforts to upgrade the
precipitation estimation procedures.
The NEXRAD (Next Generation Weather Radar) program,
which will be providing over 110 new radars, referred to as WSR88D radars, provides the opportunity to greatly increase the
spatial and temporal resolution for precipitation estimation. The
radar characteristics have been defined such that the WSR-88D
will provide quantitative estimates of precipitation far exceeding
in utility the qualitative estimates available from the current
radar network.

3.

As part of the NWS modemii.ation activities, a number of risk

The AWIPS (Advanced Weather Interactive Processing System)
will allow greater flow of data between offices than is currently
possible while providing the forecaster interactive processing
capabilities to analyze the data in ways not previously possible.
A WIPS workstations will be located at every WFO (Weather
Forecast Office) and RFC (River Forecast Center) in the NWS.

reduction plans have been developed to ease the transition
activities in preparation for the AWIPS environment. OH has
participated in these plans with a project referred ,to as
PROTEUS (Prototype RFC Operational, Test, Evaluation and
User Simulation) to demonstrate modernii.ation activities at the
RFC. As part of PROTEUS, OH has acquired scientific
workstations running a UNIX environment for software
development and testing of prototype interactive hydrologic and
precipitation processing application programs at selected RFCs.
A companion paper in this volume discusses other aspects of
PROTEUS and NWS Hydrology modernii.ation plans (Fread et
al., 1991). The Stage 3 precipitation processing software is part
of this PROTEUS risk reduction activity. A preliminary version
of the Stage 3 software has been written in C; it uses a
commercial off-the-shelf graphics interface running under the X
Window System. A more complete description of this
environment is provided by Adams (1991).

The subject of this paper is the combining of these two new
technologies to provide improved precipitation estimates for the
NWS. These precipitation estimates will be used as input for
hydrologic models for both main stem river forecasts and flash
flood forecasts. In addition, the estimates will be the basis for
national precipitation summaries which are used for long term
precipitation forecasts and for calibration of hydrometeorological
models.
2.

PROTEUS

1HREE STAGES OF PRECIPITATION
PROCESSING

4.

OH has been working for a decade now preparing its three stages
of precipitation processing. Stage 1 processing, also referred to
as the NEXRAD Precipitation Processing Subsystem (PPS) will
be run on the WSR-88D computer located at the WFOs, as
shown in Figure 1. Stage 1 will incorporate a limited amount of
rain gage data in order to perform a mean field bias computation
while performing a number of quality control procedures to

STAGE 3 PROCESSING

At the workstation, the forecaster will be presented a menu of
options, one of which will be for Stage 3 precipitation processing.
Within this option shall be three sub-options: Regular Hourly
Operations, Daily Post Analysis, and Interactive Parameter
Editing.
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HYDROMETEOROLOGICAL PROCESSING
STAGE 1
NEXRAD
COMPUTER
AT WFO

i---

STAGE 2

STAGE 3

EXTERNAL
COMPUTER
AT WFO

EXTERNAL
COMPUTER
AT AFC

•RADAR DATA

• RADAR RAINFALL DATA

• PREPROCESSING/
QUALITY CONTROL

• COMPREHENSIVE
GAGE DATA

• TIME INTEGRATION

• SATELLITE DATA FOR
QUALITY CONTROL

• ADJUSTMENT WITH
RAIN GAGES

• MULTIVARIATE
OBJECTIVE ANALYSIS

• QUANTITATIVE
ESTIMATES
OF PRECIPITATION

• QUALITY CONTROL

• FLASH FLOOD
POTENTIAL

• QUANTITATIVE
ESTIMATES OF
PRECIPITATION

• INTERACTIVE
QUALITY CONTROL
• MOSAICKING FIELDS FROM
MULTIPLE RADAR
UMBRELLAS
• POST ANALYSIS
• CAPABILITY TO
RUN STAGE 2
•MEAN AREAL
PRECIPITATION
• ASSIMILATION FOR
HYDROLOGIC MODELLING

Fig. 1. Three Stages of Precipitation Processing.

4.1

Regular Hourly Operation

In addition to those mentioned, Stage 3 has a few other options
to aid in the precipitation analysis. One is the capability to zoom
into a small portion (approximately 100-km by 100-km) of the
RFC coverage area to view the precipitation field in greater
detail. A time lapse feature will also be available to show an
animation of the previous six hours of mosaicked data. A
number of map overlays will also be provided to assist in locating
the heavy precipitation areas. These include states, cities, rivers,
and RFC-defined river basin boundaries.

Stage 3 hydrometeorological processing will occur at the RFCs.
Data is combined from each of the WFO Stage 2 analyses within
the area of responsibility to generate a mosaicked precipitation
field for the RFC. Each RFC will be receiving data from
between 12 and 25 WFO sites. The RFC located in Tulsa is
shown in Figure 2 showing the coverage from the NWS WSR88D within the RFC area of coverage. Stage 3 is the only step of
the precipitation processing in which the forecaster can
interactively determine the appearance of the precipitation field.
A Stage 3 flow diagram is found in Figure 3.

The result of these interactive quality control steps is a
precipitation mosaic for the RFC area of coverage. For areas of
overlapping radar coverage, the mosaicked value will consist of
the average of the non-zero precipitation accumulations. Earlier
studies have shown this simple method to be an effective
averaging scheme with a minimal processing load. (Hudlow et al.,
1979; Patterson et al. 1979).

The forecaster has two quality control decisions that can be made
within Stage 3. The first is a decision on the quality of the
individual Stage 2 multi-sensor fields, which is the merged field of
radar and rain gage data. Stage 3 has the capability of displaying
side by side on the workstation monitor the multi-sensor and
gage only fields generated in Stage 2. If it is believed that the
multi-sensor field is excessively contaminated by anomalous
propagation or other errors which will be generally apparent to
the eye, the forecaster can elect to remove the multi-sensor field
from further analysis, and the gage only field will be included in
the precipitation mosaic. This decision can be made on a radar
by radar basis.

4.2

Daily Post Analysis

One of the vast sources of data used by the NWS is the network
of cooperative observers who report daily precipitation at
approximately 12 GMT each day. While this data obviously
cannot be incorporated into the hourly Stage 3 products, it is
considered that they are essential information to be included for
calibration and hydrologic forecasting purposes. Therefore a
daily post-analysis option has been included with the Stage 3
software to incorporate this data. The 24 hourly mosaicked fields
will be summed up to produce a 24-hour multi-sensor
accumulation. In addition, a 'gage-only' field using the
cooperative network gages will also be generated, using the r~dar
to indicate the location of precipitation, and the gage data will be
weighted to determine the quantitative estimates of precipitation
at each grid location. Similar quality control procedures as
described for the regular Stage 3 operation will be employed to
verify the quality of the cooperative gage network. Any bad gage
accumulation values can be removed from the data base. The
multi-sensor and gage-only fields will then be merged to produce
a final gridded mosaic for the entire RFC. The merging process
will, for each grid bin, determine a weighted sum of the daily
multi-sensor and gage-only fields. The weight assigned to the
gage-only field will be a function of the distance to the nearest
gage location and the spatial variability of the storm.

If the multi-sensor field is thought to be only partially
contaminated it will be possible to draw a polygon on the
workstation to remove a section of erroneous data. This polygon
of data will be filled in with the corresponding gage-only field
data.

The second quality control decision the forecaster can make
regards the quality of the gage data used in the Stage 2 analysis.
Within Stage 3 is an option to display the hourly gage
accumulation along with corresponding radar accumulations. The
forecaster may flag a gage (or multiple gages) from the database,
if it is believed that a gage report is in error; and Stage 2 runs for
the affected radars will be automatically re-submitted from the
RFC, excluding the questioned gage value(s) from its analysis.
Following completion of the Stage 2 runs, Stage 3 would be
restarted.
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6.

When a satisfactory 24-hour multi-sensor accumulation is
obtained, the daily product will be time distributed based on the
hourly products previously developed to generate new hourly
products for the past 24 hours. These products should be the
highest quality precipitation data produced by the three stage
processing.
4.3

A preliminary version of Stage 3 software has been developed
and sent to the Tulsa RFC for initial testing and operations.
Stage 3 has been tested in a demonstration mode during
development using radar data acquired from the Doppler radar
located at the National Severe Storms Laboratory in Norman,
Oklahoma and the WSR-88D prototype, also in Norman. In the
late summer of 1990, the Tulsa RFC began receiving data from
the WSR-57 RADAP (RAdar DAta Processor) located in
Oklahoma City in a real-time mode. This data was re-mapped to
the appropriate grid for use by Stage 2 and 3 processing and
these packages have been used in test operations by the RFC
since that time. The implementation of the first operational
WSR-88D in Oklahoma City in the spring of 1991 and
completion of the new MAP processor will result in routine
operation of the Stage 3 precipitation processor. In time, Stage 3
will be available at all 13 RFCs within the United States and
should allow for enhanced precipitation analysis for the NWS
hydrologic forecaster.

Interactive Parameter Editing

The Stage 3 procedures include a number of adaptable
parameters. The interactive workstation environment allows for
easy manipulation of these parameters through a menu driven
system. This operation allows the forecaster to edit the
parameters without requiring his/her knowledge of the operating
system command language and also allows for error checking of
the input parameters by imposing a limitation on the allowable
values to use. This requirement will be especially important as
additional radars are installed since one of the parameters is the
number and location of existing radar sites.
5.

CURRENT AND FUTURE STATUS OF STAGE 3
SOFTWARE

PRODUCT USAGE

7.

The Stage 3 analysis will result in the production of a gridded
array of precipitation. The grid size will be approximately 4-km
on a side, varying with latitude. The size of the array will vary
for each RFC to allow for a rectangle of data surrounding the
boundaries of the RFC. The Stage 3 analysis will be used in two
ways. First, it will be used as input to the Mean Areal
Precipitation (MAP) preprocessor of the hydrologic models in
use at the RFCs. The MAP preprocessor accumulates and
averages hourly rainfall estimates to the time and space
resolutions required for hydrologic forecasting. The MAP time
step required by the RFC may vary from one to twenty-four
hours. The MAP time series that are generated are used as input
to the RFC hydrologic modelling, including the Interactive
Forecast Program described in companion papers by Page (1991),
and Wiele and Smith (1991). Second, it will be transmitted to
the National Meteorological Center where it could be combined
with the precipitation fields from each of the RFCs to develop a
national precipitation map and will be able to be used for
calibration of the hydrometeorological models. In addition, it
would be possible to provide this information to outside users
interested in water resources management. In time, these
products should produce a historical archive of precipitation
information for use with numerous water management programs.

SUMMARY

The Stage 3 Precipitation Processor has been developed by the
National Weather Service Office of Hydrology for use at the
River Forecast Centers. It is designed to produce the highest
quality precipitation data available to the forecasters at spatial
and temporal scales not previously achievable. The
modernization activities of the NWS -- the introduction of the
WSR-88D radars, and AWIPS, along with new processing
capabilities such as the Stage 3 software -- should result in
improved precipitation estimation and thereby improved
hydrologic forecasting.
8.
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Fig. 2. Tulsa River Forecast Center boundary (dotted line) showing locations and coverage extent of
WSR-88D network. Not shown are three Defense Department radar sites which will provide coverage for
the RFC.
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1.

INTRODUCTION

error of estimation. Although the adjustments
in parameter values during calibration produce
an error of estimation not significantly
different than mathematical optimization
routines, the parameters developed are more
meaningful and more useful for regional
applications of the model to ungaged watersheds .
Mathematical optimization tends to treat the
model as a "black box" and usually considers
minimization of only one criterion.

Watershed models for the continuous
simulation of river basin response to
meteorologic variables of precipitation and
potential evaporation have been used for over
two decades for flood forecasting environmental
impact assessments, and the desig~ and operation
of water-control facilities. Various parameters
in the watershed models are used to adapt the
models to specific river basins. Some of the
parameters can be determined from measured
properties of the river basins, but others must
be determined by mathematical optimization or
manual calibration. Optimization techniques
attempted over the past two decades have not
proved satisfactory. Such techniques divorced
the model user from the modeling process,
thereby making obscure the link between the
processes as simulated by the model and the
actual processes in the watershed. Even though
error functions can be minimized by
optimization, the physical meaning of such
optimized model parameters is, for the most
part, left unexplained. Manual calibration
requires experienced watershed modelers, but
there are many more users of watershed models
than there are experienced modelers. With that
reality in mind, an effort was begun to utilize
the expertise of the experienced watershed
modeler within the context of an expert system.
2.

A set of conditions was developed for each
of the major phases, in which the end user would
supply or be prompted for the general
observations of the differenc~s between
simulated and measured flows. For example, the
user would be asked which simulated storm flows
are too high in the summer, which total volumes
of simulated flow are too low, and so forth.
Given the users' responses, the prototype expert
system provided the parameter to be changed,
direction of that change, and the reason for the
change.
3.

ADDITION OF COMPUTED ERRORS

Although the advice from the initial
of the expert system was useful, there
was a major burden on the end user as to how to
identify the errors and problems and to
communicate them to the system.
To ease that
burden, nine error terms are computed by the
system from the simulated and observed
streamflow time series:
1) total flow volume error
2)
error in low flow recession based on a
portion of the ratios of
flow today divided by the flow
yesterday
3) error in the lowest 50% mean daily
flows
4) error in the highest 10% mean daily
flows
5) error in flow volumes for selected
storms
6)
seasonal volume error, considering the
June-August and DecemberFebruary periods
7)
error in flow volume for selected
summer storms
In addition, other computations were made:
1)
ratio of simulated surface runoff and
interflow volumes
2)
the difference between the simulated
actual evapotranspiration and
the potential evapotranspiration.
~rototype

PROCEDURES FOR MANUAL CALIBRATION

One of the more widely used watershed
models, the Hydrological Simulation Program Fortran (HSPF), was selected as the basis for
testing the feasibility of developing an expert
system (Johanson, 1984).
In earlier attempts,
an expert system was developed to estimate
initial parameters for HSPF (Gaschnig, 1981) .
Also, HSPF has fewer parameters to estimate than
many other widely used watershed models. The
number of parameters to calibrate in the HSPF
rainfall-runoff module are more appropriate for
the amount of data typically available.
Two surface water modeling experts, the
first author and Norman Crawford, and the
knowledge engineer, the second author
documented procedures used to calibra~e the
rainfall-runoff module of HSPF with a set of
diagrams and charts. Those procedures had not
previously been documented .
The calibration procedures are divided
into four major phases: 1) water balance, 2) low
flow, 3) storm flow and, 4) seasonal
adjustments. A fifth phase, to identify any
bias within the model, was also identified.
Under each of the four major phases, simulated
streamflow was compared with the observed
streamf low from tables of output and time-series
plots.
In a decade of experience over a wide
range of climates and topographies, experienced
modelers have learned which parameters can be
meaningfully adjusted in order to reduce the

With these computed values, the expert
system could now provide advice without the
subjective input from the end users. Several of
the rules, however, contain optional conditions
or parameters that the user may supply.
Examples are the type of vegetation, the water
holding capacity of the soil, the soil-depth, or
whether there is substantial recharge to a deep
aquifer.
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4.

DESCRIPTION OF HYDRO-II

AND the ET difference is less than the flow
difference)
(the simulated total runoff is El % higher
than measured
AND there could be recharge to deeper
aquifers)
THEN the advice is to increase DEEPFR,

The expert system designated HYDRO-II is
made up of a set of rules that are based on
statistical measures and subjective judgments
that reflect the role of the parameters in the
rainfall-runoff module of HSPF. The statistical
measures are calculated after each HSPF run.
The subjective judgments are asked of the user
by the system when such judgments, in
combination with the rules, affect the advice
offered by the program.
In its simplest form, a
rule can be expressed by the following:
IF condition

1

condition

2

condition

where the error level El is set by the user, the
simulated and measured rune.ff and the ET and
flow difference are calculated from the output
for the run, and the judgment about whether
there could be recharge to deeper aquifers is
elicited from the user if necessary. In this
case, if the simulated total runoff is not El %
higher than measured, there is no need to pursue
this rule further, and no need to ask the user
about whether there could be recharge to deeper
aquifers. Furthermore, if the first condition is
true, the advice is to increase DEEPFR. There
is no need to ask the user about possible deeper
recharge. Only if the simulated total runoff is
El % higher than measured, and the ET difference
is greater or equal to the flow difference is
there a need to ask the user whether there could
be recharge to deeper aquifers. Such a strategy
reduces to a minimum the subjective judgments
required by the user.

3

THEN action ,
where the conditions are tested from left to
right. Each of the previously specified
conditions represents a Boolean expression. The
respective action will be taken if any of the
previously specified conditions are true. The
action in these situations is advice given to
the user about whether to increase or decrease
the value of a particular parameter. To take one
rule as an example:
IF (the simulated total runoff is El % higher
than measured
lYDllO 11 Menu
Corrvnand: Inspect Proble11s Edit Revie" Save Advise Restart Hardcopy
HRUS.: lUDDill PERLHD2 I NPLHD1
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information is the current advice, the rule
descriptions, an ET map, and the currently
selected storm periods. At the bottom right is
the icon which, when activated, invokes
execution of the HSPF program.
In this way,
HSPF and HYDRO-II are linked.
Such a linkage
greatly facilitated the development and testing
of the rules in HYDRO-II.

In addition to the advice offered by the
system, an explanation is given at the users
request.
In the case of the above rule, for
example, the explanation given is:
Water losses from watersheds include
surface water flow at the outlet, actual
evapotranspiration, and subsurface losses.
Because observed precipitation and surface
flow are fixed, and the potential
evapotranspiration provides a ceiling for
evapotranspiration, the only way to reduce
surface flow is to increase ·subsurface
losses. DEEPFR is the only parameter used
to roughly estimate those losses and
should be based on a ground-water study of
the area.

The basic steps to be followed when using
HYDRO-II for calibration of HSPF are shown in
Figure 2. HSPF must be run to begin the process
and compute the statistics required by HYDRO-II.
At any time, error levels and subjective factors
can be provided by the user. Following the
advice provided by the program, HSPF parameters
could be changed and the HSPF run again or the
error levels could be reset.
The iterations can
continue until no more advice is provided for
the current error levels.

Such information has the greatest value to
inexperienced hydrologists and to hydrologists
unfamiliar with the HSPF program. Such an
explanation affords an excellent training
mechanism. As the knowledge of the user
increases over time, however, explanations
become less important.

simulate with HSPF • • - - - - - - - - - - .
change parameters
based on advice

Within HYDRO-II, there are currently 37
rules that involve 84 conditions of the type
described above. The rules apply to the 13
major, process-related HSPF parameters. For
many of the these parameters, there is more than
one rule that contains advice about whether or
not the value of the parameter should be
increased or decreased. To avoid the potential
conflict in the advice offered by the system,
the rules are divided into the four phases
previously defined, each phase determining the
order in which the rules will be applied.
Within each phase, there is only one rule that
will advise whether a particular parameter
should be increased or decreased. All rules
within a phase are tested before moving on to
the rules in the next phase.
If, after testing
the rules within a phase, any action is
indicated, that advice is given and no further
testing of the rules is performed. Such a
strategy eliminates the possibility of
conflicting advice being offered by the system.
HYDRO-II is written in Envos LOOPS

1

Compute the 8 errors and
2 factors from the time
series for simulated and
observed flows

pre set
acceptable
error levels

subjective
factors

ok

(Lisp

tighten error
levels for rules

Object Oriented Programming System), formerly
called Xerox LOOPS. LOOPS adds access, object,
and rule-oriented programming to the procedureoriented programming of Common Lisp and
1
Interlisp-D
The result has been to make it

relax or tighten error
levels for rules

provide advice and
explanation of advice

Fig. 2. Steps for Calibrating HSPF with HYDRO-II

possible to create an extended environment for
the development of HYDRO-II. The desktop view
of HYDRO-II is shown in Figure 1. The main menu
is located in the upper left portion of the
desktop. Data objects in the HYDRO-II system
include the Hydrologic Response Units (HRU's)
PERLND's and IMPLND's, the system parameters
used in HSPF, the error levels (El, E2, etc.),
and a number of graphical objects shown in
Figure 1. Data objects contain separate values
as well as inherited values from other data
objects. The desktop in Figure 1 shows the
values of the parameters for PERLND 1, one of
the HRU's within the Silver-Creek watershed in
the State of Washington.
In this desktop view,
the major storm periods that were selected by
the user are shown.
In the lower left portion
of the desktop, the current values of the error
levels are also displayed. The latter can be
changed at any time.
Such changes may change
the states of the present rules.
The icons
along the bottom of the desktop store ancillary
information that is available to the user. Such

5.

TESTING

HYDRO-II has been used in the analyses of
three watersheds;
two rural watersheds in
Maryland and an urban watershed in the Seattle,
Washington area.
In each case, the advice was
verified by the experienced modeler and in each
case the advice resulted in a reduction of the
error. Quantitative evaluations of the
effectiveness of the system have not yet been
conducted. However, the subjective response of
three typical users has been positive.

1

The use of trade name is for identification

only and does not imply endorsement by the U.S.
Geological Survey.
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To provide additional testing of HYDRO-II,
the program has been converted to ANSI standard
languages using public-domain software tools for
the user interface, data management, and
graphics (Kittle, 1989) . Such a system is
available for operation on personal computers
under MS-DOS, UNIX workstations, and
minicomputers with ANSI terminals. Although not
as eloquent, the production version provides the
same functionality as the prototype.
A test is planned for the next HSPF workshop in
which the participants will be divided into two
groups. One group will be provided the HYDRO-II
system,and the other group the usual set of
guidelines for manual calibration. At the end
of a 3-hour period, error statistics will be
computed for each group on the basis of their
best calibration.
6.

SUMMARY

HYDRO-II has been developed as an expert system
for calibrating watershed models for drainage
basins. HYDRO-II represents an effort to
capture the knowledge of an experienced modeler.
The knowledge consists of the statistical
representation of the observed hydrograph in
terms of the system parameters that drive the
precipitation-runoff process. The particular
model used to test HYDRO-II was the Hydrologic
Simulation Program Fortran (HSPF), one of the
more widely used watershed models. The
estimation procedure consists of a set of
hierarchical rules designed to guide the
calibration of the model through a systematic
evaluation of the model parameters.
To date, the system has been tested on
watersheds in Washington and Maryland, and the
results to date are most encouraging. In each
instance, the system correctly identified the
model parameters most in need of adjustment, and
subsequently, to adjustments that led to a
calibrated model. It is anticipated that HYDROII will serve as a major component in the
calibration of watershed models.
7.
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5.13
SOFTWARE LIBRARIES FOR INTERACTIVE PROCESSING AND ANALYSIS OF HYDROLOGIC DATA
Alan M. Lumb
U. S . Geological Survey
Reston, Virginia

1.

Over the past five years, experience has
been gained in the development and use of
reusable code (modules) . Based on that positive
experience, modules are placed in one of six
categories: user-computer interface, data
storage and retrieval, graphics output, printed
tables reports, processes, and drivers. Figure
2 illustrates the connection of the modules.
The driver modules take the instruction from the
user, retrieve and process the data, store the
processed data, and produce the output products.
Most of the process modules are hydrologic
models and statistical analyses.

INTRODUCTION

In concert with the development of
National Water Information System (NWIS-II) on
the new Distributed Informations System (DIS-II)
UNIX workstations, the hundreds of software
applications in the Water Resources Division
(WRD) of the U.S. Geological Survey (USGS) are
being re-examined. Given the Division's wide
diversity of tasks and historically wide range
of computer systems, a very large volume of
software exists for water-resources modeling and
analysis . Some software that remains on the
Survey's mainframe computer was developed more
than two decades ago. Most of the software
exists on DIS-I, the WRD-integrated minicomputer system . A small portion of software is
being developed on scientific UNIX workstations,
and some of the software is being used on a
variety of personal computers (PC's) . Software
quality control has largely been the
responsibility of the individual scientists.
2.

Requirements

PROBLEM

As with many scientific organizations,
management of scientific
software is becoming a major concern. The cost
of software development is not fully
appreciated, especially the hidden cost of
poorly developed software . As reported in the
October 17, 1989, issue of the Washington Post,
" ... software bugs are costing the government
billions of dollars." As WRD begins to use
scientific workstations, how can the necessary
scientific software be provided? How can it be
assured that the software provided will meet the
needs of the scientist?
3.

APPROACH

Software engineering and life-cycle
management have been in existence for several
decades, but until recently have not been fully
utilized in the hydrologic sciences. As with
other agencies, WRD intends to fully utilize
these concepts.

Maintain, train, support

There are a several software development
life-cycle variations available. The one most
appropriate for our scientific software is
classified as the reusable code software
development cycle. The objective of this
approach is to use as much existing code as
possible to reduce both manpower and calendar
time for development. Figure 1 illustrates the
variation in the steps to be used for the
reusable code development cycle.

Fig. 1. Reusable Code Software Development Cycle

Most scientific software contains
variations of the six components and for most of
the software the scientific portion, the process
modules, are a very small fraction of the code.
Thus, most of the time and effort in development
of scientific software has been spent coding
input and output modules, graphics, user
interfaces and drivers, most of which is
duplicated effort on each scientific project.
With reusable code, that time and effort can be
reduced substantially because code needs to be
developed only for processes and drivers. The
use of reusable code also reduces the volume of
code that must be maintained and documented.

The first step is the creation of a
requirements document. To create this document,
a workgroup of WRD computer users assembled and
organized written requirements from several
hundred other computer users. This document is
being used as a guide to the development of the
specifications of the system, the second stage
of the life cycle. The specifications will
define the set of required modules, whether a
given module exists, exists but needs renovation
or is new and needs to be designed and coded.
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system, a programmer could change the
information without modifying the code, and use
of the system would reduce memory required for
the code.

The next step in the development cycle is
to test and document the modules. This may be
one or more modules for one of the six reusable
code groups or a small software package that
includes modules from several code groups. The
modules and documentation are then sent to a
central staff for further testing, integration,
packaging for distribution, and additional
quality-control checks. When approved by that
central staff, the software and documentation
will be distributed.

The Environmental Research Laboratory of
the U. S. Environmental Protection Agency (EPA),
in cooperation with the USGS, has funded an
effort to upgrade those modules to a full-screen
orientation. That system, ANNIE-IDE, is
designed for PC's running MS-DOS and minicomputers with ANSI standard terminals (Kittle
and others, 1989) . That system has also been
used within windows on a UNIX workstation. The
ANNIE-IDE system can be used to display text,
prompt the user to select a menu option, prompt
the user to input or edit values on a form or
table, and prompt the user for input or output
files to be used in processing.

At the end of the life cycle for software
is maintenance, training in its use, and user
support. Another important step in the cycle
and usually left off of the diagram is software
retirement. Within the reusable code
development system, modules will continually be
retired and replaced with more efficient or
effective modules.

Several factors make ANNIE-IDE a unique
and useful system. First, the form and layout
of the screens was designed and tested with the
help of end users in cooperation with university
expertise on human factors of the user-computer
inte~face.
The layout, colors, and vocabulary
are extremely important to the effectiveness of
the user-computer interface. Second, the
deta~ls of each display, menu, and form are
managed with a specially designed file system
outside the code. This accomplishes one very
important goal; it completely removes from the
software any of the details of the data and
format. Only variables for the users' responses
are in the code as subroutine arguments. This
makes it easier to completely replace the userinteraction modules with a new system of modules
without any modification to the scientific code,
drivers or any other module group. This
independence of modules will be very important
during the change from a the current text
oriented user interface to the newer graphical
user interfaces.

User's terminal
(window)

Hydrologic software currently being used
in WRD has hundreds of menus and forms. Use of
the file system greatly reduces the burden of
managing and editing those menus and forms.
4.2

laser
printers

A substantial portion of the software for
hydrologic analysis and modeling manages data
input and output. Additional software has often
been written for pre- and post-processing the
data which involves activities such as editing
and producing graphs.
Sometimes output from one
model is needed as input to another model, but
each model uses a different data-management
scheme. Currently the software is used with
different hardware and operating systems.

Fig. 2. System With Reusable Code

4.

EXISTING SOFTWARE AND EXPERIENCE

In addition to the many hydrologic analysis
programs available, some modules have been
developed for four of the categories for use
with PC's and mini-computers with ANSI
terminals. Each of these are briefly described.
4.1

pata Input/Output Modules

More than five years ago, the USGS, Soil
Conservation Service, and the EPA began an
effort to design and build a data-management
system to meet the data processing needs
associated with hydrologic modeling. The
Watershed Data Management (WDM) system is the
product of that effort (Lumb and others, 1988) .

User Interface Modules

The major premise of the WDM system is
that data are used in groups such as daily
streamflow, coordinates for a channel cross
section, a table of hydraulic properties, or
hourly rainfall. All or parts of one or more
groups may be needed as input to the model, and
all groups must be identified for easy and
logical retrieval by the user. For a WDM file
the groups are data sets, and the data set
identifiers are called attributes. A WDM file

A system of subroutines was developed six
years ago to provide transportable modules for
user interaction (Lumb and Kittle, 1985) . That
system included printing messages on the screen,
providing menus and help information, and
getting integer or decimal numbers or character
strings from the user.
It was line oriented.
One of its more useful features was the use of a
disk file for the text of the prompts, help
information, limits and defaults. Using that
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can store up to 30,000 data sets, and up to
several hundred attributes for each data set.

5.

To more efectively utilize the
capabilities of UNIX workstations and the new
NWIS-II data bases, the Water Resources Division
of the U. S. Geological Survey is developing an
integrated system of applications software. The
software engineering approach employs the
reusable code software development cycle.
Within that system, reusable code falls into one
of six types of modules: user-computer
interface, data storage and retrieval, graphics
products, tabling and report products,
scientific processes, and drivers to integrate
the modules. Over the past five years the
reusable code concept has been used and proved
quite effective for a portion of WRD scientific
analysis needs. Two major reusable code modules
are the ANNIE-IDE system for user interaction
and the WDM system for storage and retrieval of
time series and tables of data.

.
The WDM file is a set of unformatted,
di7ect access records with several types of
pointer systems and chaining for rapid access to
the data and for efficient management of disk
space following data editing and deletion.
Although the file structure is moderately
complex, end users can easily manage the file
using the interactive software package ANNIE
(Lumb and others, 1990) and the programmer can
use.the file with a few simple subroutines.
Basically, a subroutine contains arguments for
the ~dentifiers for the file, data set, and
portion of data and for variables containing the
data retrieved or stored. Neither the end user
nor the programmer needs to know the detailed
structure and pointer system for the WDM file.
As with the ANNIE-IDE subroutines, the
s~broutines :or the WDM file could be replaced
with subroutines that read and write to a
different file structure without modifying any
of the other five types of modules.
4.3

6.
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Graphics Modules

The ANSI Graphical Kernel System (GKS)
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WRD has developed a data structure and
set of higher level subroutines to create timeseries plots, x-y plots and probability plots.
One of the most useful features of the system is
the construction of time axes that meet WRD
publication standards. Most commercial packages
do not produce and label time axes to meet that
standard.
4.4

SUMMARY

Lumb, Alan M., Robert F. Carsel, and John L.
Kittle, Jr., 1988, Data Management for WaterQuality Modeling Development and Use,
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Water Quality Modeling of Agricultural Non-Point
Sources, Part 2, Logan Utah, pp785-797.

Tabling Modules
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Computer Program for Interactive Hydrologic
Analysis and Data Management, Water Resources
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A minimal effort has been expended in
developing reusable code for tabling and report
writing. A few simple routines have been
developed within the ANNIE-IDE system for brief
reports to the users display.
In these cases,
the text and position of the text are placed on
the specially designed file system with special
symbols locating the position for integers,
decimal numbers or alphanumeric characters that
are subroutine arguments. Again, the form and
wording of the report can be changed without
modifying the code.
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5.14

ANIMATION OF THE NORMAL ICE CYCLE OF THE
LAURENTIAN GREAT LAKES OF NORTH AMERICA

R.A. Assel and J.M. Ratkos
NOAA Great Lakes Environmental Research Laboratory
Ann Arbor, Michigan

1.

INTRODUCTION

the median, maximum and m1n1mum ice
concentration over the 20 years of record for each
of nine half-month periods from December 16-31 to
April 16-30. Results are summarized as a Great
Lakes ice atlas (Assel et al., 1983) depicting the
normal (median) and composited extremes of ice
cover for each Great Lake for the 1960-1979 base
period.

This paper describes an interactive menudriven computer tutorial on the contemporary ice
cover climatology of the Great Lakes of North
America. Because the information presented is
primarily descriptive in nature, the potential
application of this program is not limited to the
scientific or research audience. The program
contains two text modules and one graphics module
(Table 1). The first text module contains
background information on ice cover data and
analysis, and the second text module contains a
generalized description of the annual Great Lakes
ice cycle. The graphics module contains an
animation of the normal seasonal progression of
advance and retreat of the ice cover over each
Great Lake. The graphics module is also annotated
with text describing the characteristics of ice cover
for each Great Lake portrayed by the animation.
The program is structured in such a way that the
user can go back and forth between topics in a
given module, or the user can go from one of the
modules to another.

2.

BACKGROUND

2.1

Ice Cover Data and
Climatological Analysis.

Table 1. INTERACTIVE MENU-DRIVEN
COMPUTER PROGRAM THE NORMAL ICE CYCLE
OF THE GREAT LAKES OF NORTH AMERICA
MENU ITEMS AND TOPICS
I.

BACKGROUND INFORMATION
1. Ice Cover Data and
Climatological Analysis
2. Animation Methodology

II.

OVERVIEW OF ANNUAL ICE CYCLE
1. Fall Cooling
2. Ice Formation
3. Ice Thickness
4. Seasonal Maximum Ice Cover
5. Spring Ice Loss
6. The Ice Hazard

III. ANIMATION OF ICE CYCLE
1. Lake Superior
2. Lake Michigan
3. Lake Huron
4. Lake Erie
5. Lake Ontario

In the late 1970s and the early 1980s over
2800 Great Lakes ice charts dating from 1960 to
1979 were digitized and computerized. Ice
concentrations on ice charts were digitized in 10
percent increments from 0 to 100 percent coverage.
Ice concentration is the percentage of the total
surface area covered by ice. Spatially and
temporally heterogeneous ice concentration
observations were converted to geographically fixed
5 x 5 km grid cells composing the surface area of
each Great Lake. Each grid cell was analyzed for

2.2

Production of Animation.

The animation portrays the spatial
distribution of the ice cover for each Great Lake
from December 1 to May 7. The normal daily
progression of the ice cover over the winter season
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was defined primarily by a linear interpolation of
the median ice concentration at each grid cell
between midpoint dates of the nine half-month
periods given in the NOAA Great Lakes ice atlas
(Table 2). The lakes were assumed to be ice free on
December 1. Ice formation between December 1
and December 22 and ice loss between April 23 and
May 7 was arbitrarily simulated as non-linear
functions of time and initial ice concentration as
given in Table 2.

One-hundred-and-fifty-seven lake image
interpolations were made for each of the five Great
Lakes. These data were transferred to an Apple
Macintosh SE computer, and a Pascal program was
used to display the lake images and assign one of
five graphic patterns for each of the ice
concentrations. Each of the screen displays had to
be captured, individually clipped, and imported
into a multi-media package, VideoWorks II,
(MacroMind, 1987) through the use of a paint
program, SuperPaint 2.0 (Silicon Beach Software,
1988). The final individual lake images were
combined into a cellular animation, along with
ancillary information including a legend, map scale,
and calendar. A disadvantage of the current
method to produce this type of animation is that
each screen lake image had to be manually clipped
and imported into the multi-media package making
the production of this animation very labor
intensive.

Table 2. Interpolation Periods and
Associated Equations for the
Animation and the Half-month Periods
Given for the Nine NOAA Ice Atlas
Ice Chart Plates
Ice Atlas Plate Interpolation Period
No./Period
Start
End
EQ No.
Dec 1 Dec 22 EQ(l)
1. Dec 16-31

2.
3.
4.
5.
6.

Jan
Jan
Feb
Feb
Mar
7. Mar
8. Apr
9. Apr

1-15
16-31
1-14
15-28
1-15
16-31
1-15
16-30

EQ (1) i(t)
EQ (2) i(t)
EQ(3) i(t)
t
di

Days
i (pl)

i (p9)

i(t)

7 EQ (2)
22 EQ(2)
7 EQ(2)
21 EQ(2)
7 EQ(2)
22 EQ(2)
7 EQ(2)
22 EQ(2)

The animations created by VideoWorks
were run ,t hrough a MacroMind utility called
Accelerator which converts Video Works files to a
compressed file format. This insures that each
frame is displayed the same amount of time,
allowing smoother, more consistent results. The
accelerator file is incorporated into a HyperCard
stack.

Apr 23 May 7 EQ(3)
i(pl) x t3/Days
i (t 1 ) + {[di/Days] x t}
i (p9) x { [l/t] - [1/15]}
any day in a given
interpolation period.
difference in ice
concentration between
consecutive ice atlas
plates for a given grid
cell.
ice concentration at
start of period, from
ice atlas, for a given
grid cell.
the number of days in a
given period.
ice concentration for
ice atlas plate 1 for a
given grid cell.
ice concentration for
ice atlas plate 9 for a
given grid cell.
interpolated ice
concentration for day t
and a given grid cell~

A HyperCard stack was used to make the
final product a menu-driven package. Selection of
a topic is made by simply moving the mouse to
direct the on-screen cursor to select one of the main
menu items given in Table 1. Once this is done,
HyperCard prompts the user to choose a topic
under the main menu item. After display of the
topic, the user is prompted to: (1) choose another
topic under that menu item, or (2) choose another
main menu item or (3) end the program.

23
8
23
8

Feb 22
Mar 8
Mar 23
Apr 8

Jan
Jan
Feb
Feb
Mar
Mar
Apr
Apr

3.

OVERVIEW OF THE ANNUAL GREAT
LAKES ICE CYCLE

3.1

Fall Cooling.

The Great Lakes become thermally
stratified in summer. During fall, stratification is
lost as the entire water mass cools to the
temperature of maximum density near 4°C
(Derecki, 1976). Subsequent cooling results in the
formation of less dense surface water, winter
restratification, and ice formation.
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3.2

Ice Formation.

3.5

Spring Ice Loss.

Ice assumes a wide variety of shapes, sizes,
and composition, depending upon the weather
(snowfall, calm or windy [still vs. turbulent water])
at the time of its formation and weather conditions
after its formation (Rondy, 1976). The majority of
the ice formed in the Great Lakes is not fixed to
shore and is mobile due to the action of winds,
waves, and currents. Ice cover forms in bays and
harbors of the Great Lakes in December; the
deeper bays and perimeter of the Great Lakes
usually form ice during January; Lake Erie because
of its shallow depth also forms midlake ice cover in
January; midlake areas of the other Great Lakes
usually form extensive ice cover in February (Assel
et al., 1983).

In spring, above-freezing air temperature
and solar radiation cause melting of ice; solar
radiation penetrating the ice and absorbed within
the ice reduces the structural strength of the ice due
to preferential melting at ice crystal boundaries.
The weakened ice cover can then be easily broken
by winds and wave action and melted or
transported to eastern lake shores (Rondy, 1976).
Areas of open water and low ice concentration
expand from the deeper, more exposed midlake
areas toward the perimeter and eastern shores of
the Great Lakes in March. By mid-April, ice left in
the lakes is usually located in the shore zone.

3.3

Lake vessels cannot transit heavily rafted,
ridged, or jammed ice fields without the assistance
of higher powered Coast Guard ships because the
commercial ships are relatively low powered vessels
with blunt bows. Areas of the Great Lakes where
Coast Guard ice breaking assista_nce is sometimes
required in spring include the connecting channels
of the Great Lakes (Derecki and Quinn, 1986), the
east and west ends of Lake Superior, the Straits of
Mackinaw, Green Bay, eastern Lake Erie, and
other bays and harbor entrances that become
clogged with ice (U.S. Coast Guard, 1977). Besides
being a hazard to navigation in the open lake, ice in
the connecting channels and ice in the shore zone of
the Great Lakes can cause property damage and
operational problems for hydroelectric power
plants (International Niagara Working Committee,
1983). Frazil ice, unconsolidated ice crystals
formed in super-cooled water, can clog water
intakes. River ice jams reduce river flow rates
causing loss of hydroelectric generating capacity
and damage property by flooding and ice rafting on
docks and buildings in the immediate area. Ice can
also cause damage to docks and other shore
installations along the shores of the Great Lakes
proper. Any movement of the ice cover either
horizontally or vertically causes piers frozen in the
ice to be distorted or destroyed (Wortley, 1985).

3.6

Ice Thickness.

Vertical ice accretion occurs as a result of
heat transfer from the ice-water interface through
the ice to the atmosphere. As ice sheets thicken, its
own mass retards further growth by its insulating
effect. The upper limit of thermodynamic ice
growth is approximately 100 cm for Great Lakes
bay and harbor sites (Bolsenga et al., 1988). Local
factors at each site such as air temperature, water
depth, winds, and snowfall affect spatial and annual
variations of maximum ice thickness (Bolsenga,
1987). Ice thickness in excess of 1 meter occurs
when winds cause portions of an ice cover to
override or submerge under the remaining ice
cover. The resulting ice is called rafted, ridged, or
jammed ice, depending upon the amount and extent
of ice rubble formed. The U.S. Coast Guard has
reported rafted ice on the order of 8 meters thick in
the Great Lakes (U.S Coast Guard, 1977).
3.4

Seasonal Maximum Ice Cover.

Seasonal maximum ice coverage occurs in
February and early March. Even during this period
some areas of open water remain on the Great
Lakes except during brief episodes of low air
temperatures and calm conditions; normal
maximum ice cover expressed as a percent of total
lake surface area is 90 % for Erie, 7 5 % for
Superior, 68% for Huron, 45% for Michigan and
only 24% for Ontario. The low maximum ice cover
on Lake Ontario is due to its large heat storage
capacity (mean depth of 86 m) and its relatively
mild winter temperatures (-4.4°C for Ontario
compared to -9.8°C for Lake Superior). Seasonal
maximum ice extent averaged for the Great Lakes
has varied from virtually 100 % in 1979 to less than
25 % in 1983 (Assel et al., 1985).

4.

The Ice Hazard.

ANIMATIONOFGREATLAKESICE
CYCLE

Animations helps the viewer visualize the
temporal and spatial progression of ice cover over
Great Lakes. The animation for each Great Lake is
annotated with a text summarizing the normal
spatial sequence of ice formation and loss along
with other pertinent information.
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4.1

Lake Superior:

The progression of ice formation is from the
shallow, west lake basin (mean depth 9 m) in mid
December to the deep, east lake basin (mean depth
27 m) during the second half of January. By the
end of January the lake is approaching its maximal
ice cover. Lake Erie remains near its maximal ice
cover during February. The ice loss pattern is from
west basin to east basin, reflecting the orientation of
the lake's axis approximately parallel to the
prevailing westerly wind direction. The ice
concentration in the first half of March decreases in
the western lake basin. By the end of March the
western third of the lake is ice free. By the end of
April the only extensive ice left in the lake is located
in the east end of the lake near Buffalo, NY.

surface area 82,100 km 2 , volume 12,230
km3, mean depth 148 m, length 563 km, breadth
257 km. Mean monthly air temperature is below
freezing in November. Ice forms along the lake
perimeter in December and January. Ice forms in
the west basin building out from the shallow,
southern shore, the west part of the Keweenaw
Peninsula, and along the northern lake shore from
January 16-31 to February 1-14. Ice forms last in
the deep, eastern lake basin in February and
March. Monthly air temperatures are above
freezing in April. Ice is lost over the entire lake
from March 16-31 to April 1-15. Only shore ice
remains the second half of April.

4.5
4.2

surface area 19,000 km2, volume 1,634
km3, mean depth 86 m, length 311 km, breadth 85
km. The combination of relatively mild winter air
temperatures and large mean lake depth, results in
ice formation being restricted to the shallow areas
along the lake shore all winter. Extensive shore ice
forms first along the shallow embayments along the
northeast shore in January and along the entire
lake perimeter in February. With the exception of
the northeast embayments, ice dissipates from the
lake perimeter during the first half of March. The
ice in these embayments gradually dissipates over
the next 4 to 6 weeks as well, leaving the lake ice
free by the end of April.

surface area 57,750, volume 4,920 km3,
mean depth 85 m, length 494 km, breadth 190 km.
Because of the large north to south extent of this
lake, mean monthly air temperature is below
freezing in November at the northern end of this
lake and at the southern end in December. Ice
forms along the lake perimeter, in Green Bay, and
the shallow, north portion of the lake to Beaver
Island starting in December. Ice forms in the
midlake areas south of Beaver Island to Milwaukee,
Wisconsin in the second half of February. The
midlake area south of Milwaukee normally remains
relatively ice free. Most of the midlake ice south of
Beaver Island is lost during the first half of March.
Ice north of Beaver Island and in Green Bay
dissipates gradually over the next 6 weeks.
4.3

5.

Lake Huron:

surface area 59,500 km 2 , volume 3,537
km3, mean depth 59 m, length 331 km, breadth 294
. km. Ice formation is restricted to the shallow
embayments along the lake perimeter in December
and January. Ice gradually builds out to the deeper
lake areas in January and February so that only the
midlake area between Kincardine, Ontario and
Alpena, Michigan remains free of ice by the end of
February. This area of open water gradually
increases in March. The only areas of extensive ice
by mid-April are the large embayments along the
northern shore, the Straits of Mackinaw, and the
southeast shore. The ice in these areas gradually
dissipates over the next 2 to 4 weeks.
4.4

Lake Ontario:

Lake Michigan:

SUMMARY AND CONCLUSIONS

An interactive menu-driven computer
program of the normal Great Lakes ice cycle was
produced using data from a digital ice
concentration data base (Assel, 1983), a Macintosh
SE computer, and associated software. The menu
allows the user to go back and forth between menu
topics to gain insight into the dynamics of the
spatial and temporal characteristics of the normal
Great Lakes ice cycle. However, because the ice
cover climatology of the 1990s may differ from the
contemporary ice cover climatology given here
(Assel, 1989), and because the information
presented here is simplified to facilitate
understanding by nontechnical users, it is
recommended that it only be used to gain an
overview of the Great Lakes ice cover climatology.
The citations given in this paper are a good place to
start for those interested in more information on
Great Lakes ice cover.

Lake Erie:

surface area 25,657 km 2, volume 483 km3,
mean depth 19 m, length 388 km, breadth 92 km.
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6.1

A RETROSPECTIVE, CURRENT AND FUTURE VIEW OF THE
UNITED STATES CIVIL OPERATIONAL ENVIRONMENTAL SATELLITE PROGRAM
Russell Koffler
LeRoy Spayd
National Environmental Satellite, Data! and ~n~ormat~on Services
National oceanic and Atmospheric Administration
Washington, D.C., 20233, U.S.A.

1.

improvements in capabilities. T~e
Television and InfraRed Observation
satellite (TIROS) series, launched from
1960 through 1965, used a scanning
InfraRed (IR) and VISible (VIS)
radiometer to observe cloud patterns
over the earth and a Automatic Picture
Transmission (APT) system to permit
direct real-time transmission to
inexpensive ground stations •. The TIROS
Operational System (TOS) series,
launched from 1966 through 1969,
consisted of a pair of satellites
configured to support an operational
mission. The routine production of
maps of snow cover and ice analysis
began in addition to the dail¥
collection of global weather images.
An Improved TIROS Operational System
(ITOS) series, launched from 1970
through 1978, carried a Very High
Resolution Radiometer (VHRR) which
produced sea surf ace temperatures and a
vertical Temperature Profile Radiometer
(VTPR) which produced atmospheric
soundings. The TIROS-N series,
launched from 1978 through 1981,
incorporated an Advanced VHRR (AVHRR)
and a TIROS Operational Vertical
Sounder (TOVS) for improved sounding
and imaging and the production of
vegetation index and ozone pro?ucts.
The Advanced TIROS-N (ATN) series,
launched from 1983 to the present time,
incorporated a Solar Backscatter
Ultraviolet (SBUV) radiometer for
additional ozone observations and a
Search and Rescue (SARSAT) system.

INTRODUCTION

The United States civil operational
environmental satellites have been
actively monitoring the Earth for over
30 years. Since the launch of TIROS-1,
the first weather satellite on April 1,
1960, valuable information about
clouds, weather patterns, oceans, and
the atmosphere have been acquired and
used operationally by the National
Oceanic and Atmospheric Administration
(NOAA). NOAA currently operates a
robust program of polar-orbiting and
geostationary satellites and maintains
stewardship of all remote sensing and
in situ data about the Earth's
environment.
currently, NOAA is the only source
of remote-sensing data for global
change researchers with data on Sea
Surface Temperatures, Ice Analysis,
Snow Cover, Earth Radiation Budget,
Ozone, and Vegetation Index spanning
years and decades. Although various
national and international planned
space probes will be launched within
the next ten years, NOAA will continue
to be the source of environmental
observations for the 1990s.
2. HISTORY OF CIVILIAN WEATHER
SATELLITES

The United States has successfully
launched and operated 32 polar-orbiting
environmental satellites from 1960 to
1990. The capabilities of these
satellites have grown incrementally
over that period corresponding to major
design changes in each series of
satellites. A comprehensive review of
the history of environmental sa~ellites
can be found in "Weather Satellites:
systems, Data, and Environment~!
Applications", chapter I-2, writ~en by
Abraham Schnapf. Table 1 summarizes
the history of the U.S. civilian
meteorological satellites.

NOAA's Geostationary Operational
Environmental Satellite (GOES) program
began with the launch of the
synchronous Meteorological Satellite
(SMS) in 1974. The five satellites in
this series, launched from 1974 through
1978 1 carried a Visible and Infrared
Spin scan Radiometer (VISSR) which
permitted nearly continuous viewing of
the western hemisphere. A VISSR
Atmospheric Sounder (VAS) instrument
added to the next series of satellites,
launched from 1980 through 1987,
permitted atmospheric soundings to be
obtained from a geostationary
perspective to monitor the evolution of
~evere weather systems.

There have been five separate series
of polar-orbiting satellites, each with
significant design changes and
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NAME

LAUNCHED

PERIOD
(MIN)

PERIGEE
(KM)

APOGEE
(KM)

INCLINATION
(DEG)

TIROS-1
TIROS-2
TIROS-3
TIROS-4
TIROS-5
TIROS-6
TIROS-7
TIROS-8
Ninibus-1
TIROS-9
TIROS-10
ESSA-1
ESSA-2
Nimbus-2
ESSA-3
ATS-1
ESSA-4
ESSA-5
ATS-3
ESSA-6
ESSA-7
ESSA-8
ESSA-9
Nimbus-3
ITOS-1
Nimbus-4

01
23
12
08
19
18
19
21
28
22
02
03
28
15
02
06
26
20
05
10
16
15
26
14
23
15

APR
NOV
JUL
FEB
JUN
SEP
JUN
DEC
AUG
JAN
JUL
FEB
FEB
MAY
OCT
DEC
JAN
APR
NOV
NOV
AUG
DEC
FEB
APR
JAN
APR

60
60
61
62
62
62
63
63
64
65
65
66
66
66
66
66
67
67
67
67
68
68
69
69
70
70

99.2
98.3
100.4
100.4
100.5
98.7
97.4
99.3
98.3
119.2
100.6
100.2
113.3
108.1
114.5
24 hr
113.4
113.5
24 hr
114.8
114.9
114.7
115.3
107.3
115.l
107.1

796
717
854
817
680
783
713
796
487
806
848
800
1561
1248
1593
41,257
1522
1556
41,166
1622
1646
1622
1637
1232
1648
1200

867
837
937
972
1119
822
743
878
1106
2967
957
965
1639
1354
1709
42,447
1656
1635
41,222
1713
1691
1682
1730
1302
1700
1280

48.3
48.5
47.8
48.3
58.1
58.2
58.2
58.5
98.6
96.4
98.6
97.9
101.0
100.3
101.0
0.2
102.0
101.9
0.4
102.1
101.7
101.8
101.9
101.1
102.0
99.9

NOAA-1
NOAA-2
Nimbus-5
NOAA-3
SMS-1
NOAA-4
SMS-2
Nimbus-6

11
15
11
06
17
15
06
12

DEC
OCT
DEC
NOV
MAY
NOV
FEB
JUN

70
72
72
73
74
74
75
75

114.8
114.9
107.1
116.l
1436.4
101.6
1436.5
107.4

1422
1451
1093
1502
35,605
1447
35,482
1101

1472
1458
1105
1512
35,975
1461
36,103
1115

102.0
98.6
99.9
101.9
0.6
114.9
0.4
99.9

GOES-1
NOAA-5
GOES-2
GOES-3
TIROS-N
Nimbus-7

16
29
16
15
13
24

OCT
JUL
JUN
JUN
OCT
OCT

75
76
77
78
78
78

1436.2
116.2
1436.1
1436.1
98.92
99.28

35,728
1504
35,600
35,600
849
943

35,847
1518
36,200
36,200
864
955

0.8
102.1
0.5
0.5
102.3
104.09

NOAA-6
GOES-4
GOES-5
NOAA-7
NOAA-8
GOES-6
ERBS
NOAA-9

27
09
22
23
28
28
05
12

JUN
SEP
MAY
JUN
MAR
APR
OCT
DEC

79
80
81
81
83
83
84
84

101.26
1436.l
1436.1
101.92
101.2
1436.1
96.8
102.0

807.5
35,600
35,600
852
826
35,803
608
862

823
35,600
35,600
869
801
35,771
393
841

98.74
0.5
0.5
98.9
98.2
0.1
5.7
98.9

NOAA-10

17 SEP

86

101.277

803

824

98.66

GOES-7
NOAA-11

26 FEB
24 SEP

87
88

1436.1
102.139

35,759
845

35,826
863

APT
AVCS
AVHRR
BUY

czcs
DCS
ERB
ERBE
ESMR
FPR
FWS
HB
HEP AD
HIRS
HRIR

mes

lR
IRIS
IHLS
IRP
lTPH
LIMS
LHIR
ME PED
MRIR
MSU
MUSE
NEMS

Automatic Picture Transmission TV
Advanced Vidicon Camera System o• Vidicon)
Advanced Very High Resolution Radiomeler
Backscnt.ler Ultraviolet Spectrometer
Coastal Zone Color Scanner
Data Collection System
Earth Radiation Budget
Earth Radiation Budget Experiment
Electronic Scanning Microwove H.adiometer
Flat Plate Radiometer
Filler Wedge Spectrometer
Heot Budget Instrument
High Energy Proton and Alpha Particle Detector
High ReaC?h..it.ion lnfrared Sounder
High Resolution Infrared Radiometer
lmoge Dissector Camero Syst.em
lnfrared 5 Channel Scenner
]nfrored Interferometer Spectrometer
lnterrogot.ion, Recording ond Location SulJayatem
lnfrared Passive
Jnfrorcd Temperature l'rotile Radiometer
LimlJ lnfrorcd MonilorinJ.(' uf lho SlrnluRphero
Limb Radiance lnfrared Hodiometer
Medium Energy Proton end Electron Oeteclor
Medium Resolution lnfrared Radiometer
Microwave Scanner Unit
Monitor of Ultraviolet Solar Energy
Nimbus E Micrownve Spectro11leter

Table 1

0.0493
98.91

PMR
SAM·ll
SAMS
SAH
SBUV
SCAMS
SCMR
SCR
SEM
SIRS
SMMR
SPM
SH

ssu
T&DR
TEO
THIR
TOMS
TV

'l'WEllLE
VAS
VHRR
VlSSR
VTPR
WEFAX

REMARKS
1 TV-WA and 1 TV-NA
1TV-WA,1 TV-NA, passive & active IR scan
2 TV-WA, HB, IR, IRP
1 TV-WA, IR, IRP, HB
1TV-WA,1 TV-MA
1TV-WA,1 TV-MA
2 TV-WA, IR, ion probe, HB .
lst APT TV direct readout & 1 TV-WA
3 A VCS, 1 APT, HRIR "3-axis" stabilization
First "wheel", 2 TV-WA global coverage
Sun synchronous, 2 TV-WA
lst operational system, 2 TV-WA, FPR
2 APT, global operational APT
3 A VCS, HRIR, MRIR
2 AVCS, FPR
Spin scan camera
2APT
2 AVCS, FPR
Color spin scan camera
2 APT TV
2 A VCS, FPR, S-band
2 APT TV
2 AVCS, FPR, S-band
SIRS A, IRIS, MRIR, mes, MUSE, IRLS
2 APT, 2 AVCS, 2 SR, FPR, 3-axis stabilization
SIRS B, IRIS, SCR, THIR, BUV, FWS, mes,
IRLS, MUSE
2 APT, 2 AVCS, 2 SR, FPR
2 VHRR, 2 VTPR, 2 SR, SPM
SCMR, ITPR, NEMS, ESMR, THIR
2 VHRR, 2 VTPR, 2 SR, SPM
VISSR, DCS, WEFAX, SEM
2 VHRR, 2 VTPR, 2 SR, SPM
VISSR, DCS, WEFAX, SEM
ERB, ESMR, HIRS, LRIR, T&DR, SCAMS,
TWERLE,PMR
VISSR, DCS, WEFAX, SEM
2 VHRR, 2 VTPR, 2 SR, SPM
VISSR, DCS, WEFAX, SEM
VISSR, DCS, WEFAX, SEM
AVHRR, HIRS-2, SSU, MSU, HEPAD, MEPED
LIMS, SAMS, SAM-II, SBUV /TOMS, ERB,
SMMR, THIR, CZCS
AVHRR, HIRS-2, SSU, MSU, HEPAD, MEPED
VAS, DCS, SEM, WEFAX
VAS, DCS, SEM, WEFAX
AVHRR, HIRS-2, SSU, MSU, HEPAD, MEPED
A VHRR, HIRS-2, ssy, MSU, SEM, SAR
VAS, DCS, WEFAX, SEM
ERBE, SAGE-II
AVHRR, HIRS-2, SSU, MSU, SEM, SAR,
SBUV, ERBE
A VHRR, HIRS-2, SSU, MSU, SEM, SAR,
SBUV,ERBE
VAS, DCS, WEFAX, SEM
AVHRR, HIRS-2, SSU, MSU, SEM, SAR,
SBUV,ERBE

PrcsRure Modulated Radiometer
Stratospheric AeroAol Me&1urement-ll
Stratospheric and Mesospheric Sounder
Search and Rescue
Solar Backscatter Ultraviolet Spectrometer
Scanning Microwave Spectrometer
Surface Composition Mapping Radiometer
Selective Chopper Radiometer
Solar Environmental Monitor
Satellite lnfrared Spectrometer
Scanning Multichannel Microwave Radiometer
Solar Proton Monitor
Scanning Radiometer
Strato•pheric Sounding Unit
Tracking and Data Relay
Total Energy Detector
Temperature Humidity lnfrared Radiometer
Total Ozone Mapping Spectrometer
Television Camera• (1/2" Vidicon)
NA Narrow Angle·l2°
MA Medium Angle-78°
WA Wide Angle-104°
Tropical Wind EnerJO' lleference F.<iuipmenl
VlSSR and Atmo•pheric Sounder
Very High Hesolutlon Radiometer
Visible lnfrared Spin Scan Radiometer
Vertical Temperature Profile Radiometer
Weather Facsimile

Summary of U.S. Civilian Meteorological Satellites.
(Reprinted from Weather Satellites: Systems, Data,
and Environmental Applications)
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3. THE UNITED STATES CURRENT
OPERATIONAL SATELLITE PROGRAM

resolution (the basic resolution of the
AVHRR instrument} or at 4 Jan
resolut.:j_.on.

Polar-Orbiting Operational
Environmental Satellites

The TIROS Operational Vertical
Sounder (TOVS).
TOVS is a three
instrument system consisting of:

The primary mission of the polarorbi ter is to provide essential global
temperature and humidity profiles as
input to numerical weather prediction
forecast models. These vertical
temperature and humidity profiles,
called soundings, describe the current
state of the atmosphere and initialize
the computer models with quantitative
temperature and humidity data
throughout the depth of the atmosphere.
In addition, polar-orbiting satellites
provide daily worldwide imagery and
quantitative observations for clouds,
weather fronts, snow cover, ice
analyses, sea surface temperatures,
volcanic eruptions, tropical cyclones,
fires, vegetation index, and ozone
concentrations.
The satellite (Figure l} is equipped
to detect and relay Search and Rescue
(SARSAT} signals from downed aircraft
and ships in distress, measure solar
particle flux along the orbit, relay
data from fixed or moving environmental
observation platforms, and provide
continuous data broadcasts for ground
receiving stations. The orbit is Sun
synchronous and circular at a mean
850 km altitude. The current mode of
operation requires two operational
· satellites in orbit. A replacement
satellite is launched within 180 days
of the failure of a needed imager or
sounder instrument or a spacecraft is
launched in anticipation of an imminent
instrument failure. Under normal
conditions, one satellite will be in an
orbit with a southbound Equator
crossing time at about 0730 Local Solar
Time (LST}, the other with a northbound
Equator crossing at about 1430 LST.

o

The High-resolution Infrared
Radiation Sounder (HIRS/2}. The
HIRS/2 is a 20 channel instrument
for taking atmospheric measurements,
primarily in the IR region.

o

The stratospheric Sounding Unit
(SSU}. The ssu is a three channel
instrument, provided by the United
Kingdom, that uses the selective
absorption technique.

o

The Microwave So4nding Unit (MSU).
This four channel Dicke radiometer
makes passive MW measurements in the ·
5 . 5 mm o2 band.

The Solar Backscatter Ultraviolet
Radiometer (SBUV).
The SBUV is a
non-scanning, nadir viewing instrument
designed to determine the vertical
distribution of and total ozone in the
atmosphere, and solar spectral
irradiance.
Th~ Earth Radiation Budget
Experiment (ERBE).
The ERBE is a NASA
'r esearch instrument, two of which have
been flown (on NOAA-9 and NOAA-10}.
ERBE data contribute to understanding
and seasonal planetary albedo and Earth
radiation balances, zone by zone.

Search and Rescue Satellite Aided
Tracking CSARSAT) System
SARSAT is part of an international
program to save lives. SARSAT
equipment on polar-orbiting satellites
is provided by Canada and France.
Similar Soviet Union equipment, called
COSPAS (Space System for the Search of
Distressed Vessels}, is carried on the
polar-orbiting spacecraft of their
satellite navigation system.
SARSAT and.COS~As spacecraft relay
emergency radio signals from aviators
mariners, and land travelers in
'
distress to ground stations or Local
User Terminals (LUT}, where' the
location of the distress signal
tr~nsmitter.is determined by Doppler
shift techniques.
Information on the
nature and location of the emergency is
then passed to a Mission Control Center
(MCC} that alerts the Rescue
Coordination Center (RCC} closest to
the emergency. In the United States
NOAA operates the USMCC in Suitland,'
Maryland. The actual search and rescue
is conducted by the Air Force or the
Coast Guard, depending on the location
of the emergency. The SARSAT/COSPAS
system can be directly credited with
saving over 1600 lives since 1982.

The TIROS ATN sensor payload varies
from mission to mission, based on
in-orbit experience and changing
requirements. Each has an atmospheric
sounding capability and a high
resolution imaging capability. The
sensors described below are (or will
be} used on polar-orbiting satellites
currently (and for the foreseeable
future}.
The Advanced Very High Resolution
Radiometer (AVHRR). The AVHRR five
channel scanning radiometer with 1.1 km
resolution is sensitive in the visible
(VIS}, the near-IR, and the IR "window"
regions. This instrument will be
carried through NOAA-J. NOAA K, L, and
M will have a similar instrument with
six channels and other improvements.
AVHRR data are tape recorded on board
the spacecraft for readout at the
Fairbanks and Wallops CDA stations.
These data can be recorded at 1.1 km
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view further east in the Atlantic and
at other times GOES is moved to 108" to
view further in the Pacific for storms
affecting the West Coast.

The Argos Data Collection and Location
System
The Centre National d'Etudes
Spatiales (CNES) of France builds and
furnishes the data collection and
location system known as Argos. Argos
systems on polar-orbiting spacecraft
provide a random access system by means
of which environmental data sensed at
remote platforms can be collected by
polar-orbiting satellites and
retransmitted to ground processing
stations.

The Visible and Infrared Spin Scan
Radiometer (VISSR) Atmospheric Sounder
(VAS).
The VAS is a VIS and IR
radiometer that provides image (VISSR
mode) and dwell sounding (VAS mode)
data.
During normal imaging only
operations, each GOES provides full
Earth disk image data every 30 min.
In
imaging and sounding operations the
scan is interrupted at approximately
30°-40°S latitude and the remaining
time in the 30 min cycle is devoted to
dwell sounding a small sector.
In
potential severe weather situations the
satellite is commanded to scan
repetitive areas across the United
States at 5 min intervals in the
imaging mode.

The Direct Broadcast System (DBS).
Data from the polar-orbiting
satellites are broadcast continuously
and can be received by any ground
stations within radio range. over
120 countries depend on this for
obtaining satellite images for weather
forecasting.
Geostationary Operational Environmental
Satellites

The Space Environment Monitor (SEM).
The Space Environment Monitor (SEM).
The SEM provides valuable information
on the hostile conditions of space
during solar flare and geomagnetic
storm events. NOAA's Space
Environmental Laboratory uses SEM data
and other ground-based sensors to issue
warnings of solar and magnetic events.

The GOES mission is to provide the
nearly continuous, repetitive
observations that are needed to
predict, detect, and track severe
weather. GOES satellite images are a
vital link in NOAA's efforts to warn
the public to protect life and
property. GOES spacecraft are equipped
to observe the Earth disk in the VIS
and IR regions of the spectrum. GOES
spacecraft observe and measure cloud
cover, surface conditions, snow and ice
ocean, surface temperatures, and the
vertical distributions of atmospheric
temperature and humidity. In addition,
GOES imagery is sent directly to
extensive national and international
users, including many "value-added"
companies, which prepare products for
industry and the media. Cloud drift
winds calculated by comparing
successive satellite images are used
extensively by the aviation community
and as input to numerical weather
prediction forecast models. GOES
satellites are instrumented to measure
solar X-rays and other energetics,
collect and relay environmental data
from platforms, and broadcast
instrument data and environmental
information products to ground
stations.

The GOES Data Collection System
(DCS).
This system gathers and relays
environmental data transmission that
originate at remote automatic data
collection platforms. These platforms
can be set to transmit data in four
modes: at fixed times; in response to
DCS interrogation; in an emergency mode
during which the platform signals for a
DCS interrogation within 1 min; and in
an adaptive random reporting mode.

4. SATELLITE-DERIVED GLOBAL CHANGE
PARAMETERS
Today NOAA satellite-derived
parameters present the main source of
continuous remote sensing earth
observations useful to global change
research scientists. For years NOAA
scientists have been collecting,
analyzing, and refining the processes
used to derive these parameters.
Parameters such as snow and ice cover,
sea surface temperatures, vegetation
index, ozone, and the Earth Radiation
Budget are now used widely by
scientists throughout the world in
global change studies.

GOES spacecraft (Figure 2) operate
at the geosynchronous altitude of
35,800 km above the surface. Two GOES
provide overlapping coverage that
centers on the United States and
extends over the eastern Atlantic Ocean
and the western Pacific Ocean; GOESEast is located over the Equator at
75"W, and; GOES-West is at 135°W. In
the event of a satellite failure, the
remaining GOES is moved to a central
U.S. longitude to provide maximum
coverage. During hurricane season the
single GOES is positioned at 98"W to

Snow and Ice Cover.
Snow and ice
cover play an important role in
climatic processes and weather
forecasting.
NOAA scientists developed
photo-interpretive techniques to
delineate snow cover using visible
imagery obtained from NOAA's
339

SOLAR
BATTERY
(6)

ssu

ERBE
(NONSCANNER)

Figure 1 -

Nominal Configuration of the Operational Polar-orbiting
ATN satellites (Reprinted from Weather Satellites:
systems, Data, and Environmental Applications)
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Figure 2 -

Nominal Configuration of the Operational GOES satellite
(Reprinted from Weather Satellites: systems, Data,
and Environmental Applications)
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vegetation index applications are
drought detection and assessment, crop
forecasting, climate monitoring,
boundary specification in weather
forecast and climate models,
measurement of deforestation, and study
of biogeochemical cycles.

satellites. Basically, snow covered
areas are bright, and must be
distinguished from clouds. Based on
these techniques, NESDIS has produced a
weekly Northern Hemisphere snow map
since November 1966. The weekly charts
are based upon the last cloud-free
images of each area during the week.
They are manually digitized to a grid
consisting of an 89 x 89 element matrix
superimposed on a polar stereographic
projection of the Northern Hemisphere;
grid resolution is 190 km at 60°N. The
charts have been refined during the
. Past 20 years as the photo-interpreters
improved the methodology and as the
satellite instruments enhanced their
spatial resolution.

Earth Radiation Budget (ERB). ERB
is perhaps the most fundamental
quantity influencing the Earth's
climate. The components of the budget
include the incoming solar radiation;
the solar radiation reflected back to
space by the clouds, the atmosphere,
and the Earth's surface; and the
longwave thermal emission to space by
the Earth and its atmosphere. The
latitudinal variations of the radiation
budget are the ultimate driving force
for the atmospheric and oceanic
circulations and the resulting climate.

Sea Surface Temperatures.
Satellite-derived sea surface
temperatures (SST) have been produced
operationally from NOAA polar-orbiting
satellite data continuously since
December 1972. The accuracy of the SST
measurements from the early satellites
was quite variable in space and time.
With the advent of the present TIROS-N
series of satellites (1978) accurate
SST measurements became possible.

Basically, algorithms convert the
observation of reflected radiation in a
narrow visible spectral region to an
estimate of the total reflected solar
radiation, called the planetary albedo,
and the measured emission in the
infrared window spectral region to the
total emitted long wave radiation,
called the outgoing long wave radiation
(OLR) •

The current technique called the
Multichannel SST (MCSST) makes use of
various combinations of AVHRR channels
for cloud filtering and sea surface
temperature calculations. Comparisons
between MCSST measurements and drifting
buoy SST observations show root-meansquare differences in the range 0.4°C
to 0.8°C. The accuracy, resolution
(8 km), and frequency of coverage of
the MCSST measurements make possible a
large suite of products, ranging . from
monthly mean SST charts used by
climatologists to high resolution
twice-weekly analyses used by fishermen
and marine transportation companies.

The OLR data is available since 1974
and have proven to be useful in climate
studies. These data have been used by
scientists around the world to study
cloud-radiation interactions, rainfall
distribution, diagnosis of the general
circulation, as input to forecast
models, and to routinely monitor the
climate system.

Ozone. The threat to the ozone
layer posed by man-made chemicals, such
as chlorofluorocarbons (CFCs), has
received increased public attention
over the past 10 years. Concern about
the ozone layer was heightened by the
discovery of the Antarctic ozone hole
by British scientists in 1985. Much of
the ozone above Antarctica disappears
each austral spring and this decrease
has been linked to CFCs.

Vegetation Index. Polar-orbiting
satellites are useful for agricultural
applications. Among their attributes
are:
(1) regular, repetitive
observation patterns; (2) large-scale
synoptic views of the Earth surface
from space; and (3) the availability of
a permanent information archive for
establishing baseline data. The
assessment of vegetation by multispectral remote sensing is based on the
inherent reflectance characteristics of
vegetation and the differential
reflectance discernible in the VIS and
the near-IR bands.

Under a mandate from Congress, NOAA
has the responsibility for monitoring
the Earth's ozone. NOAA has developed
a program for continuous global
monitoring of ozone from the polarorbiter satellites. Since 1979, day
and night total ozone amounts have been
determined from the High-resolution
Infrared Sounder (HIRS), using a
statistical technique. Since 1985, the
daytime totals and vertical
distribution of ozone have been
measured with the more precise Solar
Backscatter Ultraviolet (SBUV/2)
instrument. This instrument measures
the spectrum of the solar ultraviolet
radiation scattered back to space by
the Earth's atmosphere, which depends

The Global Vegetation Index (GVI)
product of NESDIS has provided a onceper-week view of nearly the entire
Earth since May of 1982. The weekly
composite is produced by screening the
data such that only the "greenest" or
"cloud-free" observations of each week
are retained. Since April 1985, daily
data are also available. Some of the
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sounding capability with more reliable
data in cloudy areas.
In addition to
flying the AMSU, NO?IB plans to add a
sixth channel to the AVHRR.
The HRPT
and direct sounder transmissions will
be modified to include these new data,
but APT will remain essentially
unchanged.
NOAA K, L, and M are
currently scheduled for launch in 1993,
1995, and 1996, respectively.

on how much of the radiation is
absorbed by the ozone layer. Recently,
a more physically-based method has
shown improvements in the accuracy and
global coverage of HIRS determinations.
In May 1990, NOAA operationally
implemented a physically based
retrieval system for atmospheric ozone
from HIRS observations. The new system
will replace the statistical retrieval
method, which is based on correlations
between ground-based measurements of
ozone and satellite observations. The
TOVS physical retrieval system provides
a global day and night monitoring
capability for total ozone amount and
complements SBUV measurements. TOVS
data .have been reprocessed from 1979 to
the present using this new physical
retrieval method with the results
comparable to other ozone observations.

NOAA expects Europe to fly a
meteorological instrument package in a
morning orbit on European spacecraft
series beginning in the late 1990s.
Data from the European satellite will
be acquired, processed, and
disseminated in near real-time by NOAA.
NOAA will continue the afternoon
service with a NOAA N, O, P, and Q
series of satellites. NOAA-N will
likely be another satellite of the K,
L, and M series with NOAA o, P, and Q
being a recompeted new satellite
series. The instrument complement on a
NOAA o, P, and Q series is proposed to
include upgraded AVHRR and HIRS
instruments, upgraded AMSU for improved
upper atmosphere sounding, and an
upgraded SBUV called the Global Ozone
Monitoring Radiometer (GOMR) with added
mapping capability.

Satellite ozone measurements require
validation. To validate ozone
retrievals, NOAA supports a ground
truth program consisting of vertical
profiles from the global network of
Dobson spectrometer and balloonsonde
measurements. With the help of NOAA
funding, many of the Dobson instruments
in the world network have been
recalibrated in this period.
Differences and trends between
satellite observations and the Dobson
network have been the subject of a
plethora of recent scientific research
studies.
5.

As part of the U.S. Global Change
Research Program, NASA plans an
ambitious Mission to Planet Earth
Program. Within this program the Earth
Observing System (EOS) is planned to
consist of two series of polar-orbiting
platforms with the launch of the first
platform in 1998. EOS will consist of
a space-based observing system, a data
and information system (EOSDIS) and a
scientific research program.

FUTURE PLANS

In the near term, NOAA expects to
launch its next polar-orbiting
satellite NOAA-D, one of the TIROS-N
design that was placed in long-term
storage, in the spring of 1991. NOAA-D
will be launched into a morning orbit
and will replace NOAA-10. The last two
ATN satellites, NOAA-I and NOAA-J, are
tentatively scheduled for launch in
fall 1991 and 1993, respectively.

NOAA plans to have access in near
real-time to data from potential
prototype operational instruments on
NASA's Polar Orbiting Platforms (NPOP).
Some of the potential instruments
include an altimeter, scatterometer,
advanced infrared sounder, passive
microwave imager, ozone and trace gas
limb scanner, and earth radiation
budget instrument. These instruments
will be designed with common instrument
interfaces. NOAA plans to allow for
payload growth capacity on the NOAA O,
P, and Q series to allow for inclusion
of one, and at the most two of these
instruments on NOAA satellites.

The follow-on series of polar
satellites, NOAA K, L, and M, are
currently under construction. NOAA
plans to replace the ssu and MSU
instruments of the TOVS with the AMSU
and this two component MW instrument
will be carried on NOAA K, L, and M.
AMSU/A, a 15-channel instrument
covering the 30 to 90 GHz range, .will
provide most of the data for
temperature sounding. The United
Kingdom is to provide AMSU/B, a five
channel instrument covering the 90 to
184 GHz range, to obtain data for
atmospheric humidity profiles,
delineations between sea ice and open
water, and information on snow
thickness and soil moisture. The TOVS
HIRS/2 will be retained, with some
channel changes and will be designated
HIRS/3. The AMSU will improve the

GOES-H, the last in the current NOAA
GOES series, was launched in February
1987. In 1985, the Ford Aerospace and
Communications Corporation was chosen
to design and build the follow-on
series, GOES I to M, for use during the
1990s. In the GOES I to M design, two
independent instruments will be used;
one for radiometric imaging, the other
for radiometric sounding. Their common
components--telescopes, scanners, and
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7.

coolers--will be identical. The GOES I
satellite is scheduled for launch in ·
1992.

1. Ohring, G., K. Gallo, A. Gruber, W.
Planet, L. Stowe, and D. Tarpley, 1989:
Climate and Global Change.
Characteristics of NOAA Satellite Data,
EOS, Vol. 70, No. 41, American
Geophysical Union, pages 889-901.

The GOES I to M imager will be
calibrated, five channel scanning
radiometer, with one VIS channel at 1
km resolution and four IR channels,
three at 4 km resolution and one at 8
km resolution. The GOES I to M sounder
will be a 19 channel (18 IR, 1 VIS)
scanning radiometer with a filter wheel
for channel selection.

2. Rao, P. K., et al , 1990: Weather
Satellites: Systems . Data. and
Environmental Applications, American
Meteorological Society, Boston, MA,
503 pages.

GOES I to M will continue the SEM,
DCS, WEFAX, and Direct Readout services
of the current GOES series. The
Experimental Search and Rescue
capability of GOES will be continued on
GOES I to M. The search and rescue
transponders of GOES I to M will permit
the instantaneous detection of distress
signals from the Earth disk below and
greatly speed the alerting of rescue
forces.
The SARSAT system on the
polar-orbiting satellites will still be
required to determine location.
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NOAA plans to continue a robust
operational remote sensing program to
meet the United States' operational
responsibility for public forecasts and
warnings and to gather vital
information about out changing planet
for global climate change studies. In
addition, NOAA is planning to acquire,
process, distribute, and maintain
stewardship over valuable environmental
data collected by non-NOAA remotesensing platforms. NOAA has data bases
extending back nearly 25 years for snow
cover and ice analyses, 20 years for
sea surface temperatures, over 15 years
for earth radiation budget, over 10
years of ozone measurements, and 8
years of vegetation index. The fact
remains that NOAA's 30 years of
continuous earth observations represent
the main source of remote-sensing
information for global change studies
now and throughout the 1990s.

343

6.2
Future Plans
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National Oceanic and Atmospheric Administration
for
Operational Geosynchronous Weather Satellites
by
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and
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Severe Storms Branch, Code 973
Greenbelt, MD 20771

1.0

INTRODUCTION

A major change to the primary sensor
was made in 1980 with the first flight of the
VISSR Atmospheric Sounder (VAS) which permitted
the measurements of vertical profiles ·of
temperature and moisture. The addition of
eleven new infrared channels also allowed the
more accurate determination of some of the
parameters already measured by the VISSR 10.512.6 µm channel (e.g. surface temperature and
cloud height). The spatial resolution of the
infrared channels were either 7 or 14 km.
Sufficient radiant energy for determining the
temperature and moisture profiles was acquired
by spinning over the same area a number of
times.
Throughout this entire period the Data
Collection System (DCS) has received and
processed hydrometeorological data collected
from earth based remotely located Data
Collection Platforms (DCP). These data (the
system can handle up to 10,000 DCP's) are
retransmitted to ground-based regional data
integration centers. Retransmission of WEFAX
data is also accomplished to small recieving
stations from a central facility.
The Space Environment Monitor (SEM)
includes a solar x-ray sensor, an energetic
particle detector, and a magnetometer. In the
vicinity of the spacecraft the SEM measures the
flow of electron and proton energy, detects
solar activity levels (e.g. flares) and
determines the magnetic field strength and
direction. The SEM data are used by NOAA's
Environmental Research Laboratory in Boulder,
Colorado.

For most of the past two decades, U.S.
operational geosynchronous satellites have
provided timely information on rapidly evolving
meteorological phenomena and unique
measurements for global models over
approximately half of the earth as well as
significant information on the space
environment and valuable communications
services. While the progress has been
substantial, there remains many improvements
and/or new capabilities which could sharply
increase the value of the data to the nation
and the international community. The future
National Oceanic and Atmospheric Administration
(NOAA) program will address these improvements.
2.0

THE GOES PROGRAM

2.1

Present

The current series of U.S. operational
geosynchronous satellites evolved from the
spinning members of the Applications Technology
Satellites (ATS) flown by the National
Aeronautics and Space Administration (NASA) in
the latter half of the 1960's. Starting in
1974, the spinning (Synchronous Meteorological
Satellite (SMS) and the Geostationary
Operational Environmental Satellite (GOES)
series began. This service will continue until
the launch of GOES I, which is planned for
1992.
The first five of the SMS/GOES series
were almost the same. They performed visible
and infrared imaging of the earth, measured
characteristics of the near space environment,
collected data from automated remote platforms,
and relayed weather products (WEFAX).
The primary instrument was the Visible
and Infrared Spin-Scan Radiometer (VISSR).
The main quantitative products were surface and
cloud temperatures and wind fields (determined
from cloud motions from an image series).
The two spectral intervals were 0.55-0.70 µm
(0.9 km nadir resolution) and 10.5-12.6 µm
(7 km nadir resolution). Images were taken of
the Earth full disk at 30 minute intervals with
the option of taking higher frequency images
over proportionately less north-south distance.

2.2

GOES I-M

The three axis stabilized GOES I-M
system, with the initial launch scheduled in
1992, will represent a major change and advance
from the present GOES series. The heritage for
this series comes from the NASA Geosynchronous
Very High Resolution Radiomneter (GVHRR) on the
ATS-6 mission and the INSAT radiometer (similar
to the GVHRR) and spacecraft. With a spinning
satellite at geosynchronous orbital distance
from the earth, the maximum percentaqge of the
time a sensor sees the earth is 5 percent.
With three axis stabilized system the potential
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is 100 percent, although the actual percentage
is around 50-75 percent due to sensor
operational constraints. However, a sensor on
a three axis system does not have to scan the
full earth width. Thus the potential increase
in radiometric efficiency is not limited to
20:1 but easily could be ~ 100:1 depending on
the size of the section surveyed. Also, the
speed that a sensor scans is not driven by the
spin rate of the satellite; thus dwell times
can be as long as necessary to achieve high
radiometric sensitivity.
The GOES I-M series will have separate
imaging and sounding instruments. Both
instruments are described in detail by Koenig
(1989). The imager will provide data in 5
channels (1 visible and 4 IR) every 30 minutes
over the full disk. It also will image smaller
sectors in approximately proportionately less
time than that needed for the full disk.
The nadir spatial resolution of the visible
channel will be 1 km and the nadir resolution
of the IR channels will be 4 km with the
exception of the 6.7 µm channel (8 km).
The radiometric performance of the channel is
calculated to be improved over the VAS which
should lead to more accurate quantitative
products.
The sounder will have 19 channels and
is comparable in performance to the High
Resolution Radiation Sounder (HIRS) which is
being flown on the low orbiting NOAA series.
There are 18 infrared channels and 1 visible
channel (for daytime cloud detection).
The spatial resolution is 8 km at nadir.
An area 3000 x 3000 km will be surveyed every
42 minutes. The radiometric accuracy will
allow a single sounding when 9 pixels are
spatially averaged.
A major improvement in the data
collection system will be the inclusion of
search and rescue frequencies. These will be
for detection only since the location of the
distress signal will be provided by the polar
satellites. Independent WEFAX transmission
will also be provided such that these
transmissions can be done during imagery and
sounding operations.
The major improvement to the SEM system
that could occur during the latter portion of
the GOES I-M period is the addition of an
imager to measure solar x-rays and in the
extreme ultraviolet. This imagery would
provide important improvements in the
predicition of proton radiation flare events,
geomagnetic storms, and the heating of the
earth's neutral atmosphere. The imager is
described in detail by Wagner (1989).
3.0

In the early 1980's the NWS began to
plan for implementing major improvements to
their forecast and service programs, Schmidt
and Zbar (1983). Advanced technologies used to
improve NWS operations include improved remote
sensing platforms, in both polar and
geosynchronous orbits, automated surface
observations, new radar technology and
techniques, high speed communications links,
interactive processing systems in NWS field
offices and new mesoscale models.
In 1989 the NWS began the formal
improvement process and was named Modernization
and Associated Restructing (MAR). The overall
goal of MAR is to improve the quality and
reliability of the NWS observations and
forecast services. An important element of MAR
is to improve lead times and the specificity of
warnings for mesoscale features such as
tornadoes, microbursts and flash floods.
Satellite soundings from GOES-I/M and GOES-N
will be more reliable, more frequent and with
greater vertical detail and should contribute
significantly to improved watches and warnings.
3.1

New Observation Technologies

New observation technologies are a
fundamental component for improving warning and
forecast services to the public and at the same
time reduce operating costs by replacing
obsolete and unreliable existing systems.
Meteorologists at NWS field off ices will use
computer technologies to merge data sets from
satellite, radar, and surface observing systems
to form a better concept of the atmosphere and
mointor its changes. Combining data from GOES,
the Next Generation Weather Radar (NEXRAD) and
the Automated Surface Observing System (ASOS)
will permit a better understanding of
precipitation patterns and total cloud cover.
NEXRAD will permit earlier detection of
tornadoes and will also provide data on the
movement o~ tornaao ceLLS. ~uanti~ative area
precipitation measurements, which are important
for flood forecasts, will be provided by
NEXRAD.
Approximately 1000 ASOS systems will be
deployed across the Nation. The ASOS will
provide data on pressure, temperature, wind
direction and speed, visibility, cloud ceiling
heights, type and intensity of precipitation on
a nearly continous basis. The ASOS system can
only obtain cloud information below 12,000
feet, Menzel (1989). A technique using the
GOES C02 channel from the VAS to determine
cloud parameters has been developed and can
augment the ASOS system.
3.2

IMPROVING NOAA'S CAPABILITIES

Mesoscale Models

The National Meteorological Center
(NMC) will have a critical role in the MAR.
NMC will be responsible for using advanced
computer technologies to develop new
operational mesoscale models.
Future NMC mesoscale models will be
developed to run on the class VII computers.
The model will have a horizontal resolution of
20 to 30 km and 30 vertical levels. The model
will be evolutionary with the final capability
to be run on demand out to 36 hours and perhaps

Public acceptance of NWS warnings has
been mixed, Piacente (1990). The limits of
scientific understanding coupled with the
inability to monitor mesoscale conditions are
contributing factors to NOAA's current warning
performance. Recent advances in the science of
meteorology and hydrology, increased computer
capabilities, and improved space technology now
make it possible to plan for significant
improvements in the prediction and monitoring
of severe weather and flood events.
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4.1.1

4 times a day. Close coordination between NMC
and NWS field offices will be required in order
to determine the geographical area of interest.
Soundings from GOES-I/M and GOES-N will be a
major contributor for the models.
GOES measurements of temperature and moisture
in the sub-convective cloud layer have been
shown to be important prameters for mesoscale
forecasting, Zehr (1988).

3.3

The principal requirements for imaging
with GOES-N are shown in Table 1. They are
listed by area category under three headings
which are core requirements, options, and
enhancements. From left to right across Table
1, in general, represents an increasing
capability level with the associated higher
technical risk and cost. The core requirements
are basically what is specified for GOES I-M or
what was orginally planned for GOES I-M and was
subsequently descoped. The options and
enhancements are mostly new capabilities (with
a few exceptions) and some of them represent
desired levels on the GOES I-M system
(e.g. NEAT's for the orginal 5 channels).
Some of the major new improvements could be:

Benefits

When the modernization within NOAA is
completed the general public will see:
* Earlier, more reliable and sitespecific warnings of flash floods
* Earlier, more reliable and sitespecific warnings of thunderstorms and
tornadoes.
* Better warnings and forecasts of
hurricanes and winter storms.
* Fewer false alarms of severe
weather, resulting in increased public
confidence in NOAA's warning services.

4.0

1) A second imager that would:
a) provide
continous full disk imaging (thus allowing the
other imager to continuously concentrate on
mesoscale events over regional areas),
b) serve as a backup to the other imager, and
c) aid in the selection of the mesoscale
events for the other imager to cover and
identify the areas where soundings could be
most effectively accomplished.

GOES-N REQUIREMENTS

The requirements for the GOES-N system
were generated from a NOAA hosted workshop held
2)
Improving the image stability, channel to
in January 1989. Almost 100 representatives,
channel and image to image registration, down
mostly from the government and university
to about the 0.5 km level (3o) at nadir.
communities, participated. The following
sections describe the final set of requirements
which were submitted to NASA for conducting a
Phase-A study, which started during the summer
Table I
of 1989.
PRINCIPAL GOES N+ !MAGER REQUIREMENTS SUMMARY
AREA

CORE REQUIREMENTS

CHANNELS

•
•
•
•
•

0.55 - 0.75 µm
3.8-4.0µm
6.5-7.0 µm
10.2-11.2 µm
11.5-12.Sµm

OPTIONS
ADD: 0.86µm
1.6µm
7.3µm
13.3µm
(AJI nt 4 Km resolution)

ENHANCEMENTS
•Calibrate Visible
Channel
• Add Low Light
Capability at Night

EARTII LOCATION ACCURACY-NADIR
(System Requirement)
• Day(±8hoursfrom
noon)

41cm(3<r)

2km(30)45o Latitude

• Night(± 4 hours from
midnight)

61cm(3<r)

2km(3<r) 45o Latitude

IMAGESTABil.ITY-NADIR
(System Requirement)

± 0.8 lcm N-S and E-W -

s± 0.4 km N-S and E-W

(3 <r) S 0.1° Inclination

(3<r)s0.! 0 Inclination

REGISTRATIONS--NADIR
(System Requirement)
• Channel to Channel

0.5 km(3 <r)

• Image to Image
•Day

• l.5km(3<r) ·
15min.
• 3km(3<r)90min.
•2.51cm(3<r)15min.
• 3.8km(3<r)90min.

•Night

TEMPORAL RESOLUTION
AND COVERAGE

0.5km(3<r)·
90 min.
0.5km(3<r)90min .

• FullDislt·
s30min.
• 3000 x 3000 km s5 min .
• 1000 x 1000 km s2min.

CONFLICTS AND
IMPROVED
PERFORMANCE

• Reduce recovery time
after SIC Maneuvcrs to
1 Hour
• Midnight performance
should approach daytime
performance
• Minimum of single window
lR channel During Eclipse
• Add Lightning mapping

SPATIAL RESOLUTION

•
•
•
•
•

0.55-0.75µm- l km
3.8 - 4.0 µm - 4 km
10.2-ll.2µm - 4km
11 .5 - 12.5 µm - 4 km
6.5-7.0µm- 8 km

• 0.55 - 0.75 µm - 0.5 km
• 3.8 - 4.0 µm - 2 <m
• 6.5 - 7.0 µm - 4 :cm

SENSITIVITY AND
DYNAMIC RANGE

• 3.8 - 4.0 µm - NEAT
of l.4K@300K
• 6.5-7.0µm- NEAT
of! K@230 K
• 10.2 - 11.2 µm - NEAT
of0.35 K@ 300 K
• 11.5- 12.5 µm- NEAT
of0.35K@300K

• 3.8 - 4.0 µm - NEAT
ofO. l K@ 300 K
• 6.5 - 7.0 µm - NEAT
of0.3K@240K
• 10.2- ll.2µm - NEAT
ofO. l K@ 300 K
• 11.5-12.Sµm - NEAT
ofO. l K@300 K

CLOUD SMEARING

lmagcr output to be within

0.02 of its futal true value
within IIGFOV
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Additionalim.agerto
resolve schedule
conflicts(rcsolution 2 km vis.; 6 km IR) Also serves asa
backup instrument
to the primary
imager

Increased dynamic
range for window JR
channels to 350 K

4.1.3

3) The addition of up to five new spectral
regions (0.86, 1.6, 7.3, 8.3, and 13.3 µm)--all
at 4 km resolution.

The Space Environment Monitor has
three main functions; measurement of magnetic
field strength and direction, assement of solar
x-ray flux, and sensing of energetic particles
that make up the solar wind and radiation belts
around the earth. The primary user of these
data sets is NOAA's Space Environment
Laboratory. The details of the sensors and the
features they detect are listed in table 3.

4)
Increasing the spatial resolution of three
of the existing channels:
a)
b)
c)

0.55-0.75 µm - 1 km to 0.5 km
3.8-4.0 µm - 4 km to 2 km
6 . 5-7.0 µm - 8 km to 4 km

5) Increasing the radiometric sensitivity of
the surface viewing infrared channels such that
the NEdT ~0.1 Kata scene temperature of
300 K.
4.1.2

Space Environment Monitor

4.1.4

Data Collection System

The purpose of the Data Collection
System is to collect environmental data in
remote areas and relay the information back to
a central facility for access by a variety of
users. Upgraded capabilities from the present
GOES spacecraft include an increased power
budget, additional transimission rates of 300
and 1200 baud, and a location capability.

Sounder

Table 2 shows the principal sounder
requirements. As was the case with the imager,
the core requirements are essentially what was
orginally planned for the GOES I-M sounder and
the options and enhancements basically
represent improvements beyond GOES I-M. Some
of the major new improvements could be:

4.1.5

Search and Rescue

The geostationary spacecraft has a
limited role in providing data to locate
aircraft or vessels in distress. Because of
the geosynchrous orbit the present GOES cannot
provide location capability but serves only as
an alert notification. NASA is investigating
the feasibility of providing some level of
location capability on the GOES-N series in
order to provide a complement to the existing
polar satellite program.

1) A sharp improvement in sounding accuracy
and vertical resolution to around lK and 1-3
km, respectively. This would require a new
.sounding approach with much higher spectral
resolution (e.g. Smith, 1989).
2) High resolution visible and infrared
detection arrays to determine the cloud
condition in each sounding field of view.
The resolution would be 1 km in the visible and
2 km in the infrared.
3) Improved channel to channel registration
(by about a factor of 2).

Table2
PRINCIPAL GOES N+ SOUNDER REQUIREMENTS SUMMARY
AREA
CHANNELS

CORE REQUIREMENTS

OPTIONS

Same as GOES 1-M

CLOUD DETEcnON

ENHANCEMENTS

High spcciral resolution
Spcc!rOmeteror
ln1erferome1er (4-15 µm)

Sounder
Visible channel at

• Day--visible channel with
1 km resolution
• Night--window IR wi th
2kmresolution

.$8kmresolution

MEASUREMENT
ACCURACY
•Temperature

• 1000-700mb-+2K
• 700 - 300 mb - +-1.5 K
• 300- I00mb -±2.5K

Alllevels-± l K

• Humidi1y

• 1000 - 600 mb ± 20% RH
• 600 -200mb±l5%RH

All levels ± 1.5 - 3 K
dewpoinl

A sounding for uch

Single pixel sounding

SENSmYITY

60 x 60 km area using
9clcarpixels
SPATIAL RESOLUTION

.:s8 Ian

TEMPORAL RESOLUTION
ANDCDVERAGE

• 3000 x 3000 km
in.s40min.
• 1000 x !OOO km
in.$ 10 min.

.:s4 km
• 3000 x 3000 km
in.s30 min.
• Sounding Image
Producis - 2500 x 2500
km in.$ 20 min.

EARTH LOCATION
ACCURACY
(Sysiem Requiremenl)

.:s4km(3 o)absolu1c

IMAGE STABILITY
(Sysiem Requiremem)

Relative position ac.:c.:urac.:y .
0.1 IGFOV between adjacent
IGFOV's

CHANNEL TO CHANNEL
REGISTRATION
(Sysiem Requiremen1)

• Radiometric centroids

ENCIRCLED ENERGY

matched within 2% of

toial IGFOV width (I o)
• Half-power IGFOV channel
widthswi1hin 1%(1 o)
• 70% of energy within
IGFOV
• 83% of energy within
10 Km (1.25 lGFOV
wi1h 8 km !GFOV)
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• Co-registercloud
de1ection visible and
IR dau 10 wilhin 0.5 KM

ainadir(3o)
• AU IGFOV's maiched
10 wi1hin 2% (I o)

Increase in effective
dwell times by
faciors of 2 and 4

TABLE 3

OPERATIONAL SPACE ENVIRONMENT MONITORS
GOES-N

MEASURES

NAME
ENERGETIC PARTICLE SENSORS

AMBIENT PARTICLE FLUXES, SOLAR AND MAGNETOSPHERIC

THREE-AXIS MAGNETOMETER

AMBIENT VECTOR MAGNETIC FIELD

FULL-DISK X-RAY SENSOR

EXISTENCE, BRIGHTNESS, AND DURATION OF SOLAR
FLARES

SOLAR X-RAY IMAGER

LOCATION, BRIGHTNESS, MORPHOLOGY OF CORONA;
PREFLARE, DURING FLARES, AND CORONAL HOLES

LOCAL PLASMA

THERMAL ELECTRONS AND IONS

SOLAR EUV SPECTROMETER

SOLAR EUV BRIGHTNESS

SOLAR MAGNETOGRAPH

VECTOR B AT ALL POINTS ON SOLAR DISK

SOLAR Ho( IMAGER

IMAGES OF SOLAR

IONOSPHERIC RADIO BEACON

TOTAL ELECTRON CONTENT

5.0

RELATED ACTIVITIES

5.1

NASA Geoplatform

Value Added Weather Companies

During the past decade several
companies have taken the geosynchronous
satellite measurements, performed enhancements
to the data and then distributed the
transformed data to their customers.
This business , described by Janota and Gird
(1989),is likely to continue to expand
significantly as the quality and quantity of
geosynchronous data increases, more computer
resources become available, interactive system
use continues to expand, and more customers
become aware of the value of the products.
5.3

BRIGHTNESS

offer a tremendous educational opportunity in
the secondary school system. A significant
activity has began, sponsored by Loral Space,
to bring GOES data into eight United States
high schools during the 1990-1991 school year
using NOAA's GOES Tap service. It is
anticipated that this is the start of a very
significant program which will become national
and international in scope and eventually lead
to the reciept of geosynchronous satellite
measurements (blended with other data as
needed) routinely into our schools, businesses,
and homes.

For more than the past three years NASA
has been studying a geosynchronous measuring
system called the geoplatform which is part of
the proposed Mission to Planet Earth (MPE)
initiative. The launch is planned soon after
the turn of the century. In addition to the
types of sensors being considered for GOES-N,
the platform proposes a microwave
sounder/imager, and infrared sounder that also
can measure numerous minor atmosphereic
constituents, imagery with many channels that
are applicable for land and ocean sensing, and
a special instrument to investigate regional
radiation budgets. The Phase A study is
nearing completion and is being managed by
Marshall Space Flight Center.
5.2

H~

E.G.,

Educational Aspects

As mentioned by Shenk et al. (1989) the
measurements from geosynchronous satellites
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6.3
INSTRUMENTATION AND SERVICES FOR THE NOAA POLAR-ORBITING
OPERATIONAL ENVIRONMENTAL SATELLITES (FOES) IN THE 21ST CENTURY

Bruce H. Needham
NOAA/NESDIS, Office of Systems Development
Washington, D.C.

1.

INTRODUCTION

The two current operational satellites are
NOAA-10 and NOAA-11, launched into orbit in September 1986 (morning orbit) and September 1988
(afternoon orbit), respectively. Originally
designed for a 24-month in-orbit operational
lifetime, NOAA-10 is now over 4 years old and is
showing end-of-life signs. NOAA-11 is now over 2
years old and is likewise experiencing systems
problems. The remainder of this series are currently planned for launch according to the following schedule:

In 1990, NOAA celebrated its 30th
anniversary of operating civilian weather satellites. NOAA ' s present system of Polar-orbiting
Operational Environmental Satellites (POES) consists of a dual constellation of polar-orbiting,
sun-synchronous satellites in low-earth orbit,
providing continuous , global observations of the
environment. Spaced nominally six-hours apart,
this two satellite system provides observations
of the same area four - times daily. NOAA refers
to the two satellites as either an "afternoon"
satellite, with a local equatorial crossing time
in the ascending mode at approximately 1330, or a
"morning" satellite with a local equatorial
crossing time in the descending mode at approximately 0730. This dual configuration will continue through the late l990's.

SATELLITE

Starting in the late 1990 ' s and into the
2lst century,the civilian operational meteorological/environmental satellite program will
undergo a significant change. NOAA currently
plans to enter into partnership with the European
community for the continuation of an uninterrupted two satellite operational polar-orbiting
system. Instrumentation on these new series of
satellites will include upgraded visible and
infrared imagers, advanced microwave sounding
systems, an operational ozone monitoring system,
and additional upgraded user services including
global, full-resolution imagery, expanded High
Resolution Picture Transmission (HRPT) services,
and a new Low Resolution Picture Transmission
(LRPT) service which will include reduced resolution digital imagery and full resolution soundings. Finally, the new series of satellites will
include adequate growth margin to permit flight
0£ future sensors now in the prototype stage.

2.

ESTIMATED LAUNCH DATE

NOAA-D

AM

APRIL

1991

NOAA-I

PM

DECEMBER

1991

NOAA-J

AM

NOVEMBER

1993

2.1

Operational Instruments of NOAA-9. 10. 11.
D. I & J

The sensors and systems on board this
series of spacecraft include the:
AVHRR: Advanced Very High Resolution Radiometer a five channel visible and infrared radiometer
with 1100 meter resolution used primarily for
cloud, ice, and snow imaging and mapping, sea
surface temperature measurements, ozone mapping,
vegetation indices, and earth radiation budget
measurements .
HIRS: High Resolution Infrared Sounder - a
twenty channel infrared sounder for temperature
and water vapor measurements with a 17 km resolution at nadir.
MSU:
Microwave Sounding Unit - a four channel
microwave sounder for vertical temperature
measurements up to 100 km in altitude with
a resolution of 109 km at nadir.

CURRENT FOES SYSTEM (1990 through 1994)

At the time this paper was written, NOAA
had three polar satellites in orbit in various
degrees of operation. NOAA-9, launched in December of 1984 into an afternoon orbit, is essentially in a stand-by mode, but was still being
used for ozone and earth radiation budget observations. The two instruments involved were: the
Solar Backscatter Ultraviolet Radiometer (SBUV),
which provides ozone profiles through the atmosphere; and, the Earth Radiation Budget Experiment (ERBE), which provides the earth radiation
budget measurements.

SSU:
Stratospheric Sounding Unit - a three
channel microwave sounder for the stratosphere
with a 147 km resolution at nadir.
SBUV: Solar Backscatter Ultraviolet Radiometer used to measure vertical concentrations of ozone
with a horizontal resolution of 200 km (only
flown on the afternoon or PM satellites).
ERBE: Earth Radiation Budget Experiment consisting of both a scanning and non-scanning
sensor used to measure earth radiation budget
components with a resolution of 200 to 250 km at
nadir [only flown on NOAA-9 and NOAA-10).
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As before, the SBUV will only fly on the
afternoon satellites, and no ERBE instrument will
be flown on this series. It should be noted that
NOAA-L will be the last scheduled morning or AM
satellite launched by NOAA. The AM/morning
mission will be assumed by the Europeans in the
time frame of 1997 with a suite of instruments
provided by NOAA that are described in the following section.

SEM:
Space Environment Monitor - consists of
two passive instruments (a Total Electron Detector [TED] and a Medium Energy Proton and Electron
Detector [MEPED]) to measure charged particles in
the region surrounding the spacecraft.
ARGOS: ARGOS Data Collection/Location System capable of interrogating ground, sea and land
based instruments and relaying that information
with locational information to the ground.

4.

S&R:
Search and Rescue Satellite Aided Tracking
System (SARSAT) - detects signals from emergency
location transponders on ships and aircraft.

Commencing in the 2lst Century, NOAA will
provide only the afternoon, or PM, meteorological/environmental polar satellite service to the
world wide community. Also, at this time, NOAA
will implement a new launch schedule, with
planned launches nominally every 31 months, versus previous launches nominally every 15 ~ months
(with both the morning and afternoon services).

With the exception of the SBUV, which flys
on the afternoon satellites only, and the ERBE,
which flew only on NOAA-9 and NOAA-10, all the
sensors and systems listed above will also fly on
the remainder of this series. NOAA-D will not,
however, carry either the S&R mission, or the SSU
sensor.
3.

The new series of satellites, called the
NOAA- 0, P, and Q series, will be competitively
procured, which could result in a new spacecraft
bus design as compared to the previously flown
Advanced TIROS-N (ATN) series (up through NOAAN). In addition to possibly being physically
larger than the ATN series to accommodate the
larger payload, it is planned that the OPQ-series
will be designed for operation in a precision
orbit, i.e., once inserted into a specific equatorial nodal crossing time (1330 local sun time
for example), the satellite's crossing time will
be maintained to +/- 15 to 20 minutes through
orbital adjustments throughout its lifetime of
three years. Previous ATN satellites, especially
those in the afternoon orbit, have "drifted" as
much as 3 ~ hours during their operational lifetime. The new series will, however, maintain the
same nominal altitude, inclination, and orbital
period as the ATN series (approximately 824 km,
98.5 degrees, and 102 minutes respectively).

NEXT SERIES OF POES (1994 to 1999)

NOAA will continue with its dual configuration of satellites in this time period with
the launches of NOAA-K through NOAA-N according
to the following schedule:
SATELLITE

ESTIMATED LAUNCH DATE

NOAA-K

PM

JULY

1994

NOAA-L

AM

JUNE

1996

NOAA-M

PM

FEBRUARY

1997

NOAA-N

PM

FEBRUARY

1999

3.1

FUTURE POES MISSIONS (2lst CENTURY)

Operational Instruments on NOAA-K. L. M.
and N

Services provided by the OPQ-series will
be similar to those of the ATN-series. The High
Resolution Picture Transmission (HRPT) and Automatic Picture Transmission (APT) types of services will continue, with the HRPT service being
upgraded due to the anticipated higher data rate
instruments carried on this series. In addition,
the Direct Sounder Broadcast (DSB) is planned to
be merged with the APT, and upgraded to the new
Low Resolution Picture Transmission (LRPT) service. The LRPT will provide digital data from
two channels of the imager (AVHRR/4), all channels from the infrared sounder (HIRS/4), all data
from the microwave sounders (AMSU-Al, A2 and B),
all ARGOS data, and spacecraft telemetry.

The sensors and systems on the NOAA-K, L,
M, and N series of POES will be very similar to
those on the previous series (see Section 2.1)
with the following changes:
AVHRR: Will be upgraded by the addition of one
new channel (1.6 micron) which will allow discrimination of snow/ice versus clouds. While
actually a six-channel instrument (versus the
previous five-channel AVHRR), only five channels
will be used at any one time. The 1.6 micron and
3.8 micron channels will be shared day/night. In
addition, the two visible channels will have a
split gain capability enabling them to simulate
11 bit precision (versus the previous 10-bit
versions).

The OPQ-series will be designed to carry
an upgraded complement of sensors described
below. For the first time NOAA will also design
a margin into the spacecraft (mass, size, power,
and data rate) to allow for future flight of
other additional and/or replacement sensors and
systems that will be flight proven onboard other
satellites (such as the NASA Polar Orbiting Platform or the ESA/EUMETSAT satellite series). Once
the "operational prototype" systems have been
proven to be valid and cost effective as operational systems, they might be migrated into the
OPQ-series or follow-on series at a later date .

AMSU: Advanced Microwave Sounding Units - will
replace the earlier MSU and SSU. The AMSU is
actually three separate sensors, AMSU-Al and
AMSU-A2 (with a combination of 15 channels) and
AMSU-B (with 5 channels). Similar temperature and
humidity profiles are obtainable, but with a
resolution increase to 45 km at nadir.
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SBUV/TOMS: Solar Backscatter Ultraviolet Radiometer and the Total Ozone Mapping Spectrometer
this combination of two previously flown instruments will provide NOAA with the capability of
monitoring both vertical concentrations of ozone
at various levels, and total ozone concentrations
in the atmosphere. The SBUV only provides measurements at nadir, while TOMS scans across track
and can thus provide a "global" map of ozone.

The sensors and systems on the OPQ-series
will be designed to have common instrument interfaces with the ESA/EUMETSAT satellite series (and
possibly to a lesser extent the NASA Polar Platform), thus allowing these sensors and systems to
be more easily interchanged.
All data transmitted from the OPQ-series
and data from the operational instruments/systems
on the ESA/EUMETSAT satellites will have common
data formats, transmission frequencies, and conform to CCSDS standards.
4.1

ARGOS: The ARGOS Data Collection and Location
system is similar to those flown previously, but
will be upgraded to permit the interrogation of a
greater number of platforms.

Operational Instruments on the NOAA-0.P.O
Series

S&R: The Search and Rescue Satellite Aided
Tracking (SARSAT) system will be identical to
those flown previously.

The NOAA OPQ-series will carry upgraded
versions of its operational sens~rs and systems.
NOAA has conducted Phase B design studies for
many of these upgraded sensors, and will soon be
conducting Phase A/B studies through the NASA
METSAT Project Office for both the spacecraft
design and sensor accommodation. All sensors
listed below will be competitively procured, with
the exception of the AMSU-BE, ARGOS, and S&R
which are provided to NOAA by our international
partners. Use of acronyms, such as the AVHRR/4,
in this section is done for ease of comparison
with previous versions of similar sensors only.
It should not be construed as a limitation to
free and open competition for the design and
production of these sensors in the future.

SEM (AUG): Space Environment Monitor (Augmented)
- will include the TED and MEPED flown on the
Kl.MN-series plus a Local Electric Field Instrument (LEFI) to measure the ambient vector electric field around the satellite.

5.

ESA/EUMETSAT "MORNING" POES SYSTEM

As mentioned earlier, the "morning" or
"AM" POES service in the late 1990's or early
2lst century will be provided by the European
community through cooperation between NOAA and
both the European Space Agency (ESA) and the
European Organization for the Exploitation of
Meteorological Satellites (EUMETSAT). When combined with the NOAA "afternoon" satellite, the
dual satellite configuration of POES providing
observation four times daily will be complete and
ongoing. The first in this series of European
satellites is scheduled for launch in the 1997 or
1998 time frame.

At the time this paper was written, the
following list of sensors/systems are planned for
flight on the OPQ-series:
AVHRR/4: Advanced Very High Resolution Radiometer (Version 4) - similar to the previous AVHRR
models on NOAA-K,L,M, and N, with 1100 meter
resolution, but with 12 bit quantization, plus
seven dedicated imaging and sounding channels
rather than the six on the AVHRR/3, and the addition ·of visible calibration on board. The
AVHRR/4 scan mechanism will be changed to scan in
the same direction as the AMSU units. The
AVHRR/4 will acquire full resolution data globally, with reduced resolution data only available
from the LRPT service. The additional channels
used for SST measurements will improve the sea
surface temperature (SST) accuracy to 0.50° K
from the 0.75° Kon NOAA-K,L,M,N. The increased
sensitivity in the window channels in the AVHRR/4
will be 0.1° K versus 0.25° Kon AVHRR/3.

5.1

Operational Sensors on the European System

NOAA intends to provide copies of the
AVHRR/4, HIRS/4, AMSU-Al, AMSU-A2, and basic SEM
(TED and MEPED) to the Europeans for flight on
this operational mission. Through continued
cooperative agreements with the Europeans, the
AMSU-BE, ARGOS and S&R will also be provided and
flown.

6.

HIRS/4: High Resolution Infrared Sounder identical to the HIRS/3 with the exception of the
alteration of the scan mechanism timing sequence
to bring it into conformity with the AMSU units.

OPERATIONAL PROTOTYPE INSTRUMENTS

As stated previously, the OPQ-series of
afternoon satellites will be designed with adequate growth margin to allow for the flight of
future instruments that are now or will be designated as being operational prototypes. Such
instruments may be additions to the existing
complement of sensors or may replace, in part or
in whole, existing sensors or systems described
in the earlier sections. The European community
is also studying the future operational status of
these sensors.

AMSU: Advanced Microwave Sounding Units similar to those flown on the KLMN-series with
the addition of six new channels in the AMSU-A2
unit in the 60-63 GHz region of the spectrum to
permit sounding in the region from 45 to 72 km in
altitude. This brings the total number of channels in AMSU-Al and AMSU-A2 to 21, and in AMSU-B
to 5 [note that this is now designated as AMSUBE].
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6.1

HIRDLS: High Resolution Dynamics Limb Sounder a twelve channel infrared limb-scanning radiometer that observes the global distribution of
upper tropospheric, stratospheric, mesospheric
temperatures and concentrations of ozone, water
vapor, methane, nitrous oxide, nitrogen dioxide,
other trace gases, and aerosols. Spectral region
is from 6.08 to 17.99 micrometers. Resolution is
5° longitude by 5° latitude by 2.5 km vertical.

Description of Designated Operational
Prototype Instruments

The following instruments, designated as
being operational prototypes, are currently
scheduled for flight on the first or second NASA
Polar Orbiting Platforms. The descriptions that
follow are preliminary at this time and subject
to change. The first NASA Platform is scheduled
for launch in the late 1997 to mid-1998 time
frame.

HIMSS: High Resolution Microwave Spectrometer
Sounder - utilizing frequencies between 6.6 and
90 GHz, will build upon the heritage of the DMSP
SSM/I instruments with increased radiometric and
spatial resolution (5 to 50 km). It will be used
for the retrieval of numerous atmospheric and
oceanic parameters including, precipitation rates
over both land and ocean in multiple layers,
oceanic cloud water and water vapor content, wind
speed and sea surface temperatures, atmospheric
temperature profiles, snow cover depth and water
equivalent, and possibly vegetation.

AIRS: Atmospheric Infrared Sounder - an infrared
sounder of atmospheric temperature and other
properties. AIRS will have an IFOV of 50 km for
most of its channels, with an IFOV of 15 km for
some selected channels, and will be capable of
scanning cross-track to ±49°, with continuous
soundings over this entire swath. AIRS will
include measurements with a v/dv of 1,200 in 115
spectral bands in the 3 to 5 micron and 8 to 17
micron spectral regions. The temperature
retrievals expected from AIRS will be accurate to
1 km throughout the vertical extent of the troposphere.

7.

ALT: Altimeter - The NASA Altimeter is a nadir
looking radar measuring the sea surface topography for studies of ocean circulation, tides,
marine geophysical processes, and polar ice
sheets, ocean wind speed, and waveheight for
studies of sea state and air-sea interactions.
The ALT is a dual frequency radar operating at
13.6 GHz (Ku-band) and 5.3 GHz (C-band). The Kuband is the primary channel for altitude measurements. The C-band is used for correction for the
pulse delay in the ionosphere. The instrument
precision for altitude is 2 cm. The footprint of
the instrument varies from 2 to 10 km depending
on ocean waveheight.

SUMMARY

Through the continuation of its afternoon
POES satellite system, in partnership with the
European community, and in cooperation with NASA,
NOAA will continue to provide a dual configuration polar orbiting meteorological/environmental
satellite service to the world-wide user community.
Studies are continuously undertaken in
order to acquire information from our user community with reference to their requirements for
data and information from these satellite systems. NOAA then needs to translate these
requirements into instruments and satellite systems. New and upgraded instrumentation nearly
always has an effect on the user on the ground,
and in their ability to acquire such data and
information. Additional studies are underway to
ascertain how this new wealth of data and information can be provided to the user community in a
timely and cost effective manner.

STIKSCAT: Scatterometer - a six-stick scatterometer based upon the heritage of SEASAT and
NSCATT, which acquires all-weather measurements
of surface wind speed and direction over the
global oceans. STIKSCAT will acquire data in
two, 550 km swaths separated by a 325 km gap at
nadir resulting in daily coverage of 76% of the
ice free ocean. Accuracies of this 13.995 GHz
instrument are expected to be within 10% in speed
and 20 degrees in direction at a spatial resolution of 25 km.
CERES: Clouds and the Earth's Radiant Energy
System - consists of two broadband scanning
radiometers: one cross-track mode and one rotating plane, similar to ERBE. Each has three channels: total radiance (0.2 to> 100 micrometers),
shortwave (0.2 to 3.5 micrometers), and longwave
(6 to 25 micrometers). In addition to continuing
the long-term measurement of the Earth's radiation budget, CERES will provide global measurements of atmospheric radiation from the top of
the atmosphere to the surface. CERES will provide radiation data as fluxes at the top of the
Earth's atmosphere, and as flux divergences within the atmosphere. CERES will also provide cloud
data such as areal coverage, altitude, condensed
water density, and shortwave and longwave optical
depths.
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6.4
NOAA ACTIVITIES IN NASA'S EARLY-EOSDIS DEVELOPMENT
Arthur L. Booth
NOAA/NESDIS
Washington, DC 20233

1.

INTRODUCTION

2.

The National Oceanic and Atmospheric
Administration (NOAA) operates a space and Earthbased observing system that encompasses the
world's largest operational flow of environmental
observations. NOAA's operational Earth observing
programs provide direct support to the U.S.
Global Change Research Program (USGCRP) by
acquiring both global space and in situ data, and
quality control processing, archiving and
distribution of that data. Also in support of
the USGCRP, NOAA is responsible for conducting
research leading to improved understanding and
prediction of the global climate system, and the
acquisition, maintenance and distribution of
long-term data bases and related climate
information .

NOAA AND NASA DISTRIBUTED SYSTEM ELEMENTS

A major goal of EOSDIS is to provide a user
friendly system that will facilitate and
encourage multidisciplinary and interdisciplinary
research. To achieve this, the EOSDIS
architecture will be highly distributed to take
advantage of existing institutional science
expertise and data systems facilities.
NASA has
called these facilities DAACs--Distributed Active
Archive Centers, of which there are presently
seven--Goddard Space Flight Center, Langley
Research Center, Marshall Space Flight Center,
EROS Data Center, Alaska SAR Facility, National
Snow and Ice Data Center, and Jet Propulsion
Laboratory.
Although the launch of EOS-A is eight years
away, NASA is busy moving forward with the
development of EOSDIS. Two parallel Phase B
studies (detailed design concepts) were completed
in April 1990 and a Request-For-Procurement for
Phase C/D (final design and deployment) is
scheduled for release to industry in early 1991.

Another key element of the USGCRP is the
National Aeronautics and Space Administration's
(NASA) Earth Observing System (EOS) which is
being designed to provide major advancements in
Earth remote sensing, global change research, and
ground data processing. Recognizing the strong
complementary nature of their roles in global
change research and environmental remote sensing,
NOAA and NASA have initiated a new cooperative
program that encompasses Earth observation
remotely sensed data processing, distribution,
archiving and related science support. This
paper describes NOAA's evolving role and initial
planning activities in the EOS Data and
Information System (EOSDIS).

Science and data systems project teams are
working on definition and implementation planning
for Early-EOSDIS program development. EarlyEOSDIS, or Version O, will be a series of phases
that will feature bottom-up, "build-a-little,
test-a-little," development and prototyping that
are expected to transition to, and be carried
forward by, the Phase C/D contractor who should
be available by mid-1992. An important date in
all this phasing is 1994. At that time, NASA
expects to have a working prototype system that
will demonstrate initial EOSDIS functionality--at
all their DAACs.

EOSDIS is NASA's ground handling component
for EOS and will provide the research community
with rapid access to EOS data for use in studying
global environmental change and the Earth system.
EOS is planned as a series of six large lowaltitude polar orbiting platforms with EOS-A
scheduled for launch in 1998. EOSDIS will
include EOS spacecraft command and control, data
processing, archival, user services, and
distribution functions.

Early-EOSDIS development has provided an
excellent starting point for defining the work
needed to develop NOAA-NASA data systems'
interoperability. NOAA is actively participating
in NASA working groups which are focusing on the
1994 milestone. The major activities that NOAA
'will participate in are intra-DAAC networking,
catalog interoperability, standards, and
experimental browse. Plans are being formulated
~hereby NOAA facilities, principally its national
data centers and selected operational centers,
will be participating as Affiliated DAACs or
Affiliated Data Centers in the 1994 phase of
Early-EOSDIS. These centers, which are part of
NOAA's National Environmental Satellite, Data,
and Information Service, will provide both
retrospective and near real-time satellite and in
situ data services, and are located at the
Natio~al Climatic Data Center, National
Oceanographic Data Center, National Geophysical
Data Center, and the Office of Satellite Data
Processing and Distribution. NOAA has already
been active in many of the Early-EOSDIS
activities, especially standards and catalog
interoperability.

In July 1989, NOAA and NASA signed a
Memorandum of Understanding (MOU) that provided
the framework from which the two agencies will
build a cooperative program in Earth system
science data management. Major objectives of the
MOU are:
1) provide rapid data access and
interoperability between each agency's Earth
observation programs--principally the EOS mission
(and possibly others pre-EOS missions) and NOAA's
operational satellite and in situ data systems 2)
provide information (metadata) about NOAA's data
holdings, and 3) assume from NASA the
responsibility for selected EOS ocean'ic and
atmospheric long-term active archives. Most of
NOAA's initial efforts in EOSDIS have been
related to the first two objectives. NOAA's role
in EOS long-term active archive data management
will be defined as EOSDIS develops .
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NOAA's plans for catalog interoperability with
EOSDIS will include, as a minimum, directory
level support for its data holdings. Greater
levels of catalog interoperability, such as
catalog or user guide and inventory metadata
systems, will be prototyped and evaluated by NOAA
during the Early-EOSDIS phase.

3.

First, the archive data set will be migrated to
new working storage media (e.g., optical platter
is being considered for AVHRR) which will
facilitate easy access and encourage global
change investigations. Second, NOAA-NASA science
working groups will decide on algorithms, product
generation, and browse requirements with the goal
of producing research-quality, climate-related
reference data sets, such as global sea-surface
temperature, vegetation index, Earth radiation
budget, cloudiness, atmospheric temperature,
water vapor, winds, and aerosols.
Product
generation will require reprocessing of the data
for re-evaluation of these geophysical climate
products.

NEAR REAL-TIME ACCESS TO EOS DATA

NOAA access to EOS data streams represents
a major step towards NOAA-NASA interoperability.
EOS will provide a test bed for prototype
operational instruments that are of interest to
NOAA's operational missions. Technical studies
are being performed to determine the requirements
for NOAA to receive EOS prototype operational
instrument data within two hours of observation.
This stringent requirement must be met in a
system where the data traverse from .platform tape
recorders, to a ground receiving station, and
transmission to a NOAA central processing
facility where the data will be ingested and
integrated into operational product and model
data systems.

Pathfinder data sets will provide data sets
in a range of sizes similar to the data volumes
expected from EOS instruments and will be
important in the development and evaluation of
the many technical challenges that EOSDIS will
encounter. GOES, AVHRR, and TOVS Pathfinder data
sets are approximately 100 terabyte (TB), 3 TB,
and .4 TB, respectively. EOS-A could -generate up
to .7 TB per day.

Prototype operational instruments being
considered under the two hour requirement are:
AIRS--Atmospheric Infrared Sounder, Altimeter,
Scatterometer, CERES--Clouds and the Earth's
Radiant Energy system, HIMSS--High Resolution
Microwave Spectrometer Sounder, and HIRDLS--High
Resolution Dynamics Limb Sounder. MODIS-Moderate Resolution Imaging SpectrometerNadir /Tilt, is also being considered as a
prototype operational instrument, but with a more
relaxed time requirement.

4.

At this time, progress is being made with
the AVHRR P~thfinder data set. Planning is
underway to begin the transfer of the 4 km Level
lb data archive to optical · storage media. This
will involve the transfer of approximately 30 OOO
magnetic tapes (from 1981 on) to SOO (initial'
estimate) optical platters. NOAA will continue
to transfer and distribute incoming data to NASA
after the AVHRR archive backlog is completed.
Pathfinder activities will permit NOAA to develop
and evaluate the means by which the scientific
community can gain access to important global
c~ange data and information.
This development
will lead to an NOAA operational Affiliated DAAC
planned for 1994, the scheduled pe~iod ~or
initial EOSDIS functionality.

NEAR REAL-TIME ACCESS TO NOAA DATA

Another major goal in building NOAA-NASA
interoperability is EOSDIS near real-time access
to NOAA's operational satellite and in situ data.
Since EOS will not provide all the space-based
measurements, and in situ data are required for
product generation and validation, near real-time
access to NOAA data is a critical EOSDIS
requirement. This interoperability element could
also provide a backup capability in the event of
an EOS instrument failure.

S.

SUMMARY

It is anticipated that the oceanic and
atmospheric instruments planned for EOS-A will
genera~e in a day what one NOAA polar orbiting
satellite would produce in SO days. That aside,
t~e ~uccess ~f EOSDIS will not be measured by the
billions of information bytes that flow, but by
the productivity of the researchers using the
system. For this reason, NOAA's participation in
Early-EOSDIS embodies two necessary requirements
for global change science--efficient access to
the data, and the production of quality data.
These requirements are being developed and
evaluated today by NOAA and NASA through
Pathfinder data sets, catalog interoperability
near real-time data accessibility,
'
interconnecting active archive centers at
existing sites, and various prototyping projects.

As an initial step in this effort, NOAA and
NASA have instituted what have become known as
Pathfinder data sets. .The arrival of these pilot
or prototype data sets is timely as they are
important to the evolutionary development of
EOSDIS. The data are character.i zed by large data
volume and long time-series measurements. The
data sets selected were based on high-priority
global change science requirements.
To date, only NOAA operational satellite
data have been identified as Pathfinder data.
Data sets selected are: Advanced Very High
Resolution Radiometer (AVHRR), Geostationary
Operational Environmental Satellite (GOES) and
TIROS Operational Vertical Sounder (TOVS) data.
NASA and NOAA have developed plans for a two-step
development process.

Acknowledgmenta
Special thanks to Greg Hunolt, NASA; and
Helen Wood, and George Ohring, NOAA/NESDIS, for
their reviews and comments.

355

6.6

DIRECT READOUT USER SYSTEMS:
TRANSITIONING TO GVAR FROM MODE AAA
Keith W. McKenzie
.
. GOES I-M Ground Systems Project
National Environmental Satellite Data And Information service
National Oceanic And Atmospheric Administration

1.0 INTRODUCTION

bits (packed in 16 bits). The word size
of IR pixels remains the same for the
Imager at 10 bits.
Information fields
for Imager video Blocks are no longer
fixed length as in Mode AAA. ~he specific impact upon users depends on their
existing frame synchronizer design.

GOES-I is the first of five new series
of GOES being built by Loral Corporation (formerly the Ford Aerospace
Corporation (FAC)). It is scheduled for
launch in tne Spring of 1992, and will
become operational in the Fall of 1992.
The GOES Variable (GVAR) format is the
retransmission format for the GOES
spacecraft's two primary instruments.

The Sensor Processing System CSPS)
Figure 1 shows the data flow through the
GOES I-M Operational Ground Equipment
(OGE)[2].

The advent of GOES-I will bring a new
era of remote sensing to the direct
readout community. Separate Imager and
Sounder instruments with commandable
scan widths ne6essitate the adoption of
a new retransmission format.
2.0

The Sensor Processing System (SPS) generates the GVAR format for broadcast, and
is the principle interface between the
GOES I-M spacecraft, and the direct
readout user. It receives the raw Imager
and Sounder downlink streams from the
satellite and reorders each line in a
west to east sequence.
It calibrates
the IR and normalizes the visible data.
Grid points are computed for the Imager
data, and earth location points are computed for the Sounder data before each
scan is formatted as individual GVAR
data Blocks.
Blocks are then put into
an output queue for broadcast according
to a fixed priority scheme.

THE MOVE TO GVAR

The GVAR format, while similar in structure to Mode AAA, will allow the full
capabilities of the new instruments to
be utilized. This will mean changes for
the direct readout user.
Some Changes Affecting Users
The satellite transmission frequency for
GVAR has changed from Mode AAA. The RF
for GVAR will be 1685. 7 MHz against
1687.1 MHz. for Mode AAA.
This means
that users without tunable demodulators
will need to replace their demodulators
for GVAR.

The OIS Simulator
Another important subsystem of the OGE
is the OGE Input Simulator (OIS) . This
simulator will be used prior to launch
to simulate the Imager and Sounder
instrument as a test input to the SPS.
The resulting GVAR data stream will then
be uplinked to users for prelaunch GVAR
compatibility testing.

The data rate for GVAR will remain the
same as for Mode AAA at 2.111360 Mbps.
This means that users will not have to
replace their bit synchronizers.
However, the Effective Isotropic Radiated
Power (EIRP) from GOES-I is not expected
to be as great as from GOES-7[2].
The
reason is simple.
While the GOES-I
design meets the same specifications set
for previous series of GOES spacecraft,
the GOES-7 spacecraft (and previous
Hughes satellites) exceeded those standards. Users relying on the excess EIRP
from past Hughes spacecraft will see an
increase in bit error rate for GOES-I.

The OIS[6] simulates the raw downlink
from . the GOES-I satellite.
The Imager
and Sounder instruments generate separate downlink data streams at 2.6 Mbps
and 40 Kbps respectively. With the SPS
taking its input from the OIS, the SPS
can be used to uplink a realistic simulation of GOES-I GVAR documentation
data.
The OIS, together with the SPS, has the
ability to generate a variety of video
patterns and realistic O&A and calibration data.
The OIS' earth model mode

Also, word sizes have changed from Mode
AAA to GVAR. The Imager visible pixels
are 10 bits and Sounder pixels are 13
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Figure 1 - OGE Data Flow
The GVAR simulator can support the full
functionality of the Imager and Sounder
instruments. Normal and Priority frames
can be scheduled along with other spacecraft housekeeping events such as space
looks, blackbody calibrations, and star
senses.
Dwell and skip modes are supported for the Sounder instrument.

projects predefined radiance patterns
onto a model of the earth.
over this
are laid (embedded) geopolitical grid
points in- agreement with the current
simulated O&A set.
This should aid
users in checking out their own earth
location and IR scaling.
The GVAR Simulator

A catalog of two dozen generated scenarios has been compiled by NESDIS, and
will be made available to users purchasing or leasing these machines. In addition, the simulator can be programmed
with a reference Orbit and Attitude
(O&A) set for testing user earth location software.

Current test · broadcasts of GVAR data are
being supported using a 386-AT based
GVAR simulator (see Figure 2).
It was
designed to simulate the output of the
SPS, without the operational complexity
of the OIS/SPS combination.
It is also
portable, and inexpensive enough to be
purchased by smaller companies to support development efforts.

3.0 NESDIS SUPPORT OF USER
TRANSITIONING

The simulator was built around a NEC 386
AT compatible running at 16 MHz with 10
Meg of RAM and a 66 Meg hard disk, all
contained in a 19" rack mount chassis.
An EGA monitor is contained in a separate rack mount assembly. The simulator
is Microport UNIX based with the majority of the code written in C.

NESDIS will fully support user transitioning to GVAR.
A major part of the
current effort at NESDIS is in supporting GVAR test broadcasts through a spare
GOES spacecraft.
Test Broadcasts of GVAR Data
Current GVAR broadcasts are being conducted over GOES-6 at 1687.1 MHz using
the GVAR simulator as the data source.
Later broadcasts will be at the new GOES
I-M frequency of 1685.7 MHz. The shift
to the new frequency is planned to coincide with the introduction of ors originatd simulations, starting in Spring
1991.

The simulator supports a user programmable command set, allowing the user
considerable control over the simulation
process. Scenario description files can
be created and edited using a UNIX (vi)
text editor, compiled, and loaded for
execution. The simulator also supports
a schedule mode, where compiled scenarios are executed at specific times
referenced to GMT.
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Figure 2 - The GVAR Simulator
Broadcasts are being conducted under a
number of necessary operational constraints. First, broadcasts are limited
to 3 hours daily, from 14:05Z to 17:00Z.
Secondly, NESDIS has purposely reduced
the transmit power of the test broadcasts to more closely simulate the EIRP
of a GOES I transmission.
This is to
enable users to more closely gauge the
actual Bit Error Rate (BER) they might
expect to observe after the launch of
GOES I. Unfortunately, this effect
cannot be exactly simulated, due to
transponder differences between the
GOES-7 and GOES I-M series spacecraft.
Finally, it is expected that test broadcasts may be preempted on occasion by
NWS and/or NESDIS operational priorities. In this case, users will be notified in advance (when possible) over the
Electronic Bulletin Board system.

User Documents
Numerous documents have been written by
NESDIS to describe the new spacecraft,
instruments, and ground system. NESDIS
Technical Report 3 3, "An Introduction to
the GOES I-M Imager and Sounder Instruments and the GVAR Retransmission
Format" [1], NESDIS Technical Memorandum
21, "The GVAR User's Compendium"[2], and
NESDIS Technical Report 4 0 [ 9] I "The GOES
I-M system Functional Description" are
all GOES I-M specific documents.
In addition to these NESDIS generated
documents, copies of the GVAR format
description "Operations Ground Equipment
(OGE) Interface Specification"
(Ford
Aerospace DRL 504-02)[3] are available
to users upon request.
User Software

The Electronic Bulletin Board
The "Earth Location Users Guide" [ 7] contains a complete FORTRAN 77 source code
listing of a program that allows users
to earth locate GOES I-M data.
Additionally, the document explains the
principle behind GOES I-M user earth
location, gives guidance on its usage,
and provides the user with test cases
for implementation testing.

The main tool for communicating wi tl1
users has been the NOAA Electronic
Bulletin Board.
This will continue to
be the case going into the GVAR era.
Schedules and scenarios for simulated
GVAR test broadcasts will be announced
in advance over the electronic bulletin
board.
NESDIS will keep users abreast
of equipment outages and anomalies as
well.

A GVAR storage[5] program was written to
allow users to predict the storage requirements for different size GOES I-M
sectors.
The program gives the needed
allocation depending on the Imager sector being scanned, the packing strategy
employed, and whether or not the user
includes Block lls in her/his calculations. Copies of this BASIC program are
posted on the Electronic Bulletin Board
for user access.

Users now have the capability to post
messages as well as read them.
This
will be a useful tool as the transition
period begins. Users wishing to get
specific questions answered can now
submit those questions electronically.
NESDIS has been, and will continue to
make every effort to respond to all such
inquiries.
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The Anomaly Tracking System
The GOES I-M development is a complex
effort.
In any project of this scope,
anomalies will occur and must be reported, tracked, and resolved.
Recognizing this,
NESDIS has developed an
Anomaly Tracking System (ATS) to track
and resolve anomalies seen in prelaunch,
and post-launch testing of the GOES I-M
system. Spacecraft and ground system
anomalies that impact user testing, will
be posted on the electronic bulletin
board on a regular basis. User observed
anomalies will be investigated, and
anomaly reports will be submitted where
appropriate.
In this way, NESDIS will
work to keep the user community informed
of known spacecraft problems, and track
user concerns in a responsive manner.
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6.8

The Simulation of Composite Colar
Imagery On 8-bit Display Devices
Larry W. Thomason
Atmospheric Sciences Division
NASA Langley Research Center
Hampton, VA
Robert P. d'Entremop.t
Geophysics Laboratory (AFSC)
Hanscom AFB, MA
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Introduction

Composite satellite imagery is the combination of
coincident grayshade imagery into a single image in
which color, as opposed to grayshade, is a reflection
of radiant differences between the original images on
a pixel-by-pixel basis. The use of composite imagery
techniques can greatly increase the viewable information content of an image and lends itself to easy interpretation by a scientist or trained operator. Standard
approaches to composite image display require display
devices that have a large addressable and viewable
color space. At the Geophysics Laboratory, composite
imagery is displayed on a 24-bit color display device.
Many display devices, that are otherwise quite powerful, do not support this magnitude of depth of view.
This is true of many of the workstations and PCs used
in research environments. These devices have a large
collection of colors available which may be displayed
but generally are able to display only 256 or 8 bits
of color at any one time. Despite this relatively shallow color depth, it is possible to simulate composite
imagery on these display devices using a pixel-value
space transformation in which unused grayshade combinations from two images are eliminated and the remaining 'color' space is sub-divided into 256 bins.

2

J

1

Figure 1: The longword structure of a three image
composite pixel.
The color lookup table defines the relationship between the numerical value assigned to a composite
pixel and the displayed color of that pixel. It is defined
such that the byte value from lowest order to highest
defines the intensity of the primary colors red, green
and blue, respectively, of the display device. When the
value of the lowest order byte is zero the red intensity
is at 0% and when the value is 255 the red intensity is
at 100% of the device's capability. The mechanism by
which the color lookup table is defined and loaded is
highly hardware and software dependent.
In the resulting composite image, color as opposed
to grayness denotes radiant differences between the individual images ( d'Entremont and Thomason, 1987;
d'Entremont et al., 1987). If the pixel values for each
image are the same, the composite pixel color is a
shade of gray. With 256 intensities of red, green, and
blue independently available for display the total number of colors available is over 16 million on a 24-bit
system a.nd over 65 thousand on a 16-bit system. This
large color space places virtually no restrictions on the
quality of the colors in the composite image which
exhibits smooth and natural-looking color gradations.
The greatest difficulty associated with the display of
composite imagery is that 24-bit and 16-bit display
devices are expensive and are not common among meteorological researchers and operational forecasting facilities.

Composite Imagery Display Techniques

The standard method of generating composite imagery involves the use of display devices that are able
to simultaneously display 16 or 24 bits of color. For
8-bit meteorological satellite images, a 16-bit system
permits the combination of two images and the 24bit system permits the combination of three images.
The numerical value assigned to a composite pixel is
defined within a 32-bit longword by setting the three
lower order bytes to the 8-bit values of the three images for that pixel, i, j, and k, respectively. This is
shown diagrammatically in Figure 1. For a 16-bit system, either the value of the image byte 'k' is set to
zero or a two byte word is used consisting of bytes i
and j only.

3

The Transformation Method

At the Geophysics Laboratory, increasing demand
on the 24-bit image processors (Kleespies et al, 1987)
generated the need for the ability to display composite imagery on less capable, yet more numerous, workstations and PCs. The transformation method was
developed to facilitate the display and interpretation
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of composite satellite imagery on display devices with
only 256 displayable colors. The technique is suitable
for the combination of two 8-bit images into a single
8-bit composite image.
The transformation method is based on two characteristics common to most meteorological satellite images. The first is that for almost any combination
of two coincident satellite images, the 2-dimensional
pixel-value space is mostly empty. Thus for the pixels in the first image with a grayshade i, the range of
pixel values j in the second image is small. The second characteristic is that a preponderance of the pixel
value combinations lie near the line i = j and thus the
primary image grayshades are nearly the same as that
of the second image. Both of these characteristics can
be seen in Figure 2.
The 2-dimensional pixel-value space (i,j) is transformed to ( i' ,j ') in which i' lies along the i = j line and
j' is normal to i', an overall axial rotation of 45 degrees.
In the new space, the original pixel grayshade combinations have been altered by the relationship i' = i +
j and j' = j - i. The value of i' is proportional to the
mean intensity of the two images and j' is proportional
to the difference in grayshades and thus also proportional to colorshade. Figure 3 shows the transformed
pixel-value space plotted in Figure 2. This color system is somewhat analogous to the HLS color system,
where i' corresponds to lightness and j' corresponds to
saturation.
In the implementation of this method the intensity
axis i', whose domain extends from 0 to 510, is divided into 51 columns, each of 10 units width. Experience indicates that for simple grayshade images,
51 grayshades are sufficient to provide smooth, noisefree, easily interpretable images, nearly indistinguishable from an 8-bit or 256 grayshade image. The domain of j' is dependent on i' but has a maximum extent
of-255 to +255 though the occupied height of a column
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Figure 3: The existent combinations of i' and j' in the
transformed pixel value space for coincident AVHRR
channel 1 and 2 images.
is much smaller. Each column is individually divided
into 5 equal-height bins which span the full range of
j' observed within that column. The usual range for
individual bin heights is from 5 to 20. The entire occupied pixel-value space has been encompassed by 255
(51x5) bins of i' and j' as is shown in Figure 4.
The color assigned to a particular bin is based upon
the central value of the bin i~, j~ and color masks specified by the user. Through the color masks, the user
defines the color such that pixels that exhibit positive radiant differences between image 1 and image 2
are revealed in the simulated composite image by a
color shaded toward the primary mask. On the other
hand, negative radiant differences are revealed by a
color shaded toward the secondary mask. For instance,
for a primary mask of 'RED' and a secondary mask of
'BLUE', a pixel val.ue of i' = 249 and j' = 12 will yield
a slightly reddish gray. If, however, j' was equal to -12
then the pixel would exhibit a bluish tint. Table 1 lists
the valid combinations of primary colors and their net
mask color. The intensities of the primary colors red,
green and blue for a particular color bin are given by

p = 100 * (i~ - j~)/510,

(1)

s = 100 * (i~ + j~)/510,

(2)

and
E

(3)

respectively, where P includes all the primary colors
included in the primary mask, S includes all the primary colors included in the secondary mask, and E includes any primary colors excluded from either mask.
Primary colors that are a part of the primary mask
cannot be a part of the secondary mask. The colors associated with the 255 pixel. . value bins are loaded
into the display device's color lookup table with entry
numbers as shown in Figure 4.

0

255

0

= 100 * i~/510,

Image Grayshade i
Figure 2:
The existent combinations of 8-bit
grayshades i and j for coincident AVHRR channel 1
and 2 images.
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Color Masks
Primary Colors Color Masks
Red
Red
Blue
Blue
Green
Green
Magenta
Red+Blue
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Red+Green
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Blue+ Green

~

:::

....,
'

QJ
~

t::
f/"J
0

I

~

ft!

M

I

0

00
ft!

E

62

67

1-1_1

-t
-'=-l=I
1

I

~

L'
QJ

63 I • 1- -1-

t-t-,--

fl}

>-.

64 ,-.-,_ . - r-i--J

t - _ _,

I

ft!
~

~

>
~

<

~
~

z

BRIGHT

DARK

Table 1: Primary color combinations available for use
as the primary or secondary image color mask.

Image Grayshade i'

5

Figure 4: A subset of the 255 color bins derived from
occupied i'j' pixel-value space for coincident AVHRR
channel 1 and 2 images.

The authors would like to thank Dieter Klaes of the
German Military Geophysics Office in Traben-Trarbach,
FDR for sponsoring the effort resulting in the transformation method.

The simulated composite image array is created by
assigning to each pixel within the image the lookup
table entry number which corresponds to the bin in
which the associated values of i' and j' locate it. The
image (i',j') may then be displayed on the 8-bit device
by loading the image. Use of appropriately defined
alternate look up tables also gives the user the ability
to reproduce either of the original grayshade images
(in 51 grayshade depth) or a 'mean' image.
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The Results of the Simulations

Our experience has been that the transformation
method is very successful in simulating composite imagery and that, in general, 8-bit simulated composite
images are nearly indistinguishable from true composite imagery. There are conditions under which the
transformation approach does not work well, in particular, when the images to be combined exhibit a high
contrast with one . another. During the presentation,
a number of comparisons of true composite imagery
versus simulated composite imagery will be shown.
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OPERATIONAL DESTRIPING OF GOES I-M IMAGES
M. P. Weinreb, J. H. Lienesch, and D. S. Crosby
NOAA/NESDIS
Satellite Research Laboratory
Washington, D.C. 20233
D. F. Mack, Jr. and Y. Chen
Integral Systems, Inc.
Lanham, MD 20706
1.

BACKGROUND

The National Oceanic and Atmospheric
Administration's (NOAA's) future Geostationary
Operational Environmental Satellites (GOES I-M)
will carry instruments that image the earth in
the visible and infrared portions of the
electromagnetic spectrum. In the visible, each
GOES I-M imager will utilize a linear array of
eight silicon photodiode detectors. Each
detector will have a field of view with a linear
dimension of approximately 1 km on the earth at
nadir. A flat scan mirror will be employed to
build up images. Back and forth movement of the
mirror will cause the imager to sweep out a swath
of eight adjacent east-west (or west-east) lines
on the earth. The mirror will then be stepped
the equivalent of eight lines southward and the
process repeated.

GOES I, if experience with real data establishes
a clear-cut relationship between the numerical
statistics and image quality, it may be possible
to automate the process completely. For the
immediate future, however, the analyst will
remain in the loop.
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Each detector and its associated optics and
electronics will henceforth be referred to as a
channel. The GOES I-M imager is then said to
have eight visible channels. Because there will
be no calibrated source of visible radiation on
the GOES I-M satellite, the visible channels will
be not be calibrated after launch. The
sensitivities of each of the eight channels may
therefore change independently in time in an
unknown way, causing artificial east-west stripes
to appear in the images. This paper describes
the interactive process NOAA plans to use to
eliminate striping in the images.
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SENSOR PROCESSING
SYSTEM
(SPS)

PRODUCT MONITOR
(PM)

Appllcatlon of
normallzatlon look-up
tablH to Image data

Monitoring of Image quality &
generation of normallzatlon
look-up tablH

Electronic tran1ml11lon
Of tablH to SPS
WALLOPS, YA
CDA STATION

Figure 1 shows the planned data flow of the
GOES I-M system. Raw data will be transmitted
from the GOES I-M satellites to the Command and
Data Acquisition (CDA) station at Wallops, VA.
There they will be processed in a computer called
the Sensor Processing System (SPS) and
retransmitted to the satellite and thence to
users, all in real time. The retransmitted data
stream is called the GVAR, which stands for GOES
variable format. The GVAR will also be received
at NOAA's Spacecraft Operations Control Center
(SOCC) in Suitland, MD, which is where NOAA will
carry out off-line processing.

I

FEDERAL BLDG. #4
SUlnAND, MD

Fig. 1. GOES I-M data flow for image
normalization.

Newly-generated NLUTs in a PM in Suitland
will be transmitted electronically to an SPS at
Wallops. New NLUTs could be generated as often
as once a day. However, if the GOES I-M imagers
are as stable as their manufacturer predicts,
there will only be a need to generate new NLUTs
occasionally, perhaps once a month or even less
often.

To prevent image striping, the raw data will ·
be "normalized" in real time in the SPS computer
at Wallops. This will be done by application of
normalization look-up tables (NLUTs). For each
satellite, a single table will be applied for
many days to all data from every area on the
earth. Since the performance of the GOES I-M
imagers may gradually change in orbit, the NLUTs
may have to be updated from time to time. The
new NLUTs will be generated off-line at SOCC in
Suitland.

2.

THEORY

The method of matching empirical
distribution functions (EDFs) will be the basis
for both the monitoring of image quality and the
generation of new NLUTs. Matching of EDFs is a
standard statistical technique and has previously
been applied to normalize Landsat images (Horn
and Woodham, 1979) and, more recently, GOES-7
images (Lienesch et al., 1990). For Landsat,
which is a non-real-time system, the NLUT could
be applied to the same image area from which it
was derived. On the other hand, for GOES I-M,
which will be a real-time system, an NLUT will be
derived from one image on a single day, and it
will be applied subsequently to all areas of the
earth for many days.
(GOES-7 images have been
normalized this way since June 1989.)

The off-line processing will include the
daily monitoring of image quality (e.g., the
degree of striping) and, when needed, the
generation of new normalization look-up tables.
These functions will be carried out interactively
with a computer called the Product Monitor (PM).
The PM will provide an array of tools, including
statistical quantities and image displays. The
role of the analyst will be to make the final
assessmen~ of image quality.
After the launch of
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3.

The generation of NLUTs for GOES I-M by
this method , described fully in Weinreb et al.
(1989), will be briefly reviewed here. A sample
of full-resolution unnormalized (raw) earth scene
data, covering as much as possible of the
imager's dynamic range, will be collected.
For
each of the eight channels, we will compile the
discrete density function (i.e . , the histogram),
which describes the relative frequency of
occurrence of each of the possible signal values
(in digital counts) from the imager . Integrating
the histograms with respect to count value will
yield the empirical distribution functions
(EDFs), also called the cumulative histograms.
For a given count value, this function gives the
cumulative frequency of occurrence of all count
values up to and including the given value.

INTERACTIVE PROCEDURE FOR MONITORING AND
NLUT GENERATION

The normalization process can be thought of
as being divided into three separate phases.
These are : 1) Periodic monitoring of the images
for striping characteristics, 2) generation of
new normalization look-up tables (NLUTs), and 3)
evaluation of the new NLUT--testing to ensure
that it produces a noticeable improvement in the
image. They are illustrated in a flow diagram in
Fig. 3 and will be described in more detail
below .

r-·-·-·
·-··--------··-------.. ----- ·-----··- ··- ··
1

One of the eight channels will be
designated the reference channel. The reference
channel should have low noise and a stable gain.
Also, the data in that channel should fill as
much of the system dynamic range as possible
without clipping at either end. The matching of
the cumulative histograms of each of the other
seven "target" channels to that of the reference
channel generates the NLUT . The procedure is
illustrated in Fig. 2 , which shows idealized
cumulative histograms of unnormalized data for a
reference channel and target channel i . The
cumulative histograms are expressed in terms of
percentile vs count value. Given a count value x
in channel i, the objective is to find x', the
corresponding "normalized" count value. For x,
the EDF of channel i has a value of P1 (x). The
value x' is then found as the point on the
abscissa corresponding to the value Pi(x) on the
cumulative histogram of the reference channel.
To generate the entire part of the NLUT for
channel i, the procedure is carried out in
sequence for every possible count value. This
provides a "normalized" count value for every
possible raw count value for that channel .
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Fig. 3 . Flow chart for monitoring and NLUT
generation .
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3.1

Periodic Monitoring

Image quality will be monitored daily to
determine if the normalized images are striped.
Monitoring will begin with the acquisition of a
normalized full-resolution image sector (i.e.,
scene) that covers most of the earth in the
north-south direction and is 640 pixels
(approximately 365 km at the equator) wide in the
east-west direction. The east-west extent is
limited to 640 pixels by the video monitor that
will display the sector. The analyst should
select a sector that comes as close as possible
to filling the dynamic range of the channels. A
sector containing convective clouds and sea
surface would most likely meet this requirement.
The image sector will then be displayed and
inspected for striping. A statistical analysis,
described below, will also be performed,
regardless of whether striping is observed.

x' x
Fig . 2 . Illustration of procedure to generate
normalization look-up table.

This technique not only generates the NLUT ,
but it also provides yardsticks to measure the
severity of striping in any image, normalized or
unnormalized. Striping exists if the cumulative
histogram of any channel is significantly
different from the cumulative histograms of the
others. The degree of striping increases with
the magnitudes of the differences among the
cumulative histograms . For GOES I-M, we will use
the differences along the abscissa between the
cumulative histograms of each target channel and
the reference channel (e.g., x - x') as ~he
measure of striping. These quantities will be
referred to as "cumulative histogram deltas."

The reference channel will be selected
according to the criteria mentioned in section 2.
The histograms of the image data (see Fig. 4,
e.g.), useful for assessing dynamic range, noise,
and stability, will play an important role in the
selection. More than likely, the reference
detector will remain the same over a long period,
e.g., one year, and would only be changed if
significant degradation were observed.
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from GOES-7 data, is limited to intensity levels
below 256 counts. A typical GOES I-M histogram
should extend to the vicinity of 900 counts.)
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Generation of New Normalization Look-Up
Tables

It is reasonable to ask if we might obtain
a raw image more easily by applying the inverse
of the currently-operational NLUT to a normalized
image in the PM, thus avoiding the need to
disable the correction at the SPS. The answer is
no, because there will be some error associated
with inverting the NLUT. In fact, the NLUT does
not have a unique inverse. It can map several
raw count values to the same normalized count
value, and certain normalized count values may be
missing .
The analyst will be able to evaluate the
displays, histograms, and cumulative histograms
of each recorded sector (assuming there were more
than one) to determine the one that has the best
characteristics for generating a new NLUT. This
is the purpose of the path "select new image
sector" in Fig. 3. Once a best sector is
selected, the computation of the new NLUT will
begin . The analyst may select a new channel as
the reference or retain the old one . Also, he
will enter a value (P%) that defines the
percentage of data to be deleted from the upper
and lower extremes of each cumulative histogram
when generating the NLUT. The NLUT is especially
sensitive to noise in the extremes of the
distribution, which may result in stripes at the
darkest and brightest parts of the normalized
images. The deletions minimize that problem.
Once the reference channel and P% have been
selected, the NLUT will be computed by operator
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SECTOR1
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If inspection and statistical analysis
indicate that the image is sufficiently striped,
then the analyst will decide that the currentlyoperational NLUT needs to be replaced. The
process will begin with the selection of one to
three sectors on the earth whose images meet the
criteria set forth in the first paragraph of the
previous section. This will be followed by a
transmission of a nearly-complete image of the
earth made of raw (unnormalized) data from the
Sensor Processing System at Wallops. The raw
image data are obtainable when the operational
NLUT correction in the SPS is disabled . Data
from the chosen sectors will then be extracted
and recorded in the PM.
(The sectors will be
rectangular with an east-west width of 640
pixels.) These data will be the basis for
generation of the new NLUT.

When the analyst has completed his
assessment, ~he.PM will be commanded to compile
summary statistics of the cumulative histograms
and deltas, and ~he ~tatistics will go into a
long-term normalization database. This database
whic~ w~ll ho~d up to 540 sets of summary
'
statistics, .w~ll be available for analyzing
t7ends of visible channel behavior. The database
will also be saved to tape periodically by means
of the "save" option shown in Fig. 3.

3

I MAGE'

MAX. llELTA LOCA1J(IN1

Ml<. llELTA COUNT 1

Fig. 6. Sample plot of cumulative histogram
deltas. Units on both the abscissa and the
ordinate are digital counts. (The data are from
simulation and do not correspond to the plots in
Figs. 4 and 5.)

P~ots of the cumulative histograms (see,
e.g:, Fig. 5) and deltas (see, e.g., Fig. 6) will
be inspected to determine the extent of the
statistical mismatch between the reference
channel and the target channel. The PM provides
t~e option of displaying one channel's cumulative
histogram or a "dual" plot containing the
cumulative histograms of the reference channel
a~d any ta7get ch~nnel.
The extent of any
m~smatch will be Judged by the magnitude of the
difference between the two cumulative histograms.
Also, t~e del~a ~lots will be used, since they
are a direct indicator of this difference (by
definition).

I DETECTOR:

I

POPULA1JCIN1 7Z3ZO
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3%80
I

Fig. 5. Sample cumulative histogram. The
comments made in the caption of Fig. 4 apply here
as well .
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The interactive procedures described here
(see Fig. 3) involve the maximum possible
participation by the analyst. However, after we
gain experience with real data, we may find that
certain steps carried out by the analyst are not
needed. The system is designed with the
flexibility to bypass those steps.

command with the algorithm described in section
2. Finally, the summary statistics of the
cumulative histograms and deltas will be saved in
the normalization database.
3.3

Evaluation of the New Normalization Look-Up
Table

While the technique of matching of
empirical distribution functions (EDFs) was being
tested for GOES I-M, we began to realize that it
was both more efficient and produced NLUTs that
were more effective than the technique used
operationally at that time for GOES-6 and -7.
Therefore, in June 1989 NESDIS switched to the
EDF technique for generating operational NLUTs.
However, the fully interactive system described
here will not be made operational until GOES-I is
launched. In particular, NESDIS still lacks the
capability to evaluate the effectiveness of a new
NLUT by using it to produce a normalized image
off line. With the advent of GOES-I, the
realization of that capability should represent a
significant advance in normalization at NESDIS.

Once a new NLUT has been calculated, the
analyst will evaluate its effectiveness in the PM
before he decides to make it operational in the
SPS. The PM will apply the new NLUT to any of
the stored sectors of raw image data and produce
a normalized image. The evaluation procedures
available then to the analyst will be practically
the same as those described in Section 3.1.
First, he will display the normalized image. If
the new NLUT is effective, this image should have
significantly less striping than those produced
by the currently-operational NLUT. The analyst
will also use the statistical tools on the PM
(i.e., histograms, cumulative histograms, and
deltas) to determine the extent of statistical
mismatch between the reference channel and the
other channels. (A summary of these statistics
may be saved in the normalization database at
this point.) Also, he may inspect the NLUT
values themselves in plot or table form. If the
results of the evaluation were satisfactory, the
analyst will initiate the procedure for
transmitting the NLUT electronically to the SPS
at Wallops. At the same time, the new NLUT
will automatically be saved in the normalization
database. If, however, the new NLUT were found
not to be as effective as was hoped, the analyst
must begin again and generate another new NLUT
using some revision in procedure; e.g., a
different choice of sector, reference channel, or
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CONCLUSION

To eliminate striping in visible images
from GOES I-M, normalization look-up tables
(NLUTs) will be applied to the data in real time
on the ground. The functions of monitoring image
quality, generating new NLUTs, and judging the
effectiveness of the new NLUTs will be carried
out interactively off line in Product Monitor
(PM) computers.
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6.11

THE IMAGE LIBRARY AND BROWSE SYSTEM
(ILABS)

Arthur G. DeCotiis, Ve nu Jandhyala, and Geoffrey Goodrum
NOAA/NESDIS National Climatic Data Center
Washington, DC

1.

INTRODUCTION

6) High quality image display and image enhancement
7) Automated library inventory
8) Complete browse coverage for the A VHRR digital
archive

A VHRR data is, by far, the most often requested
satellite data set held by the National Climatic Data
Center (NCDC). Requests for A VHRR data in digital
and hard copy form are also increasing because of the
growth in climate and global change research. The
retrospective user typically previews, or "browses" large
amounts of A VHRR data in image form in order to
select data for the need at hand. The user then orders
the required data from the NCDC.
Since 1974, the NCDC has maintained a hard copy
library of NOAA polar and geostationary satellite
imagery. Retrospective data users and NCDC Customer
Service Personnel use this library extensively to select
the required A VHRR data. The library is also the data
source for satellite imagery in hard copy form. The
NCDC uses commercial photo lab services to duplicate
image library materials. Since 1985, the primary source
for browse imagery has been data transmitted over the
GOESTAP and recorded on UNIFAX machines. Prior
to 1985, NCDC used photo negatives for the A VHRR
and GOES Browse Library. The shortcomings
associated with the present method are:
1)
2)
3)
4)
5)
6)

2.

The ILABS has two components: the mainframe
software, and the ILABS work station. The mainframe
subsystem produces browse files from AVHRR lb data
sets. The Work Station copies browse imagery to
browse data storage media, produces and maintains the
browse data inventory, and performs the browse data
search, display, display enhancement, and hard copy
functions.
Operational browse file production takes place on
the NESDIS Data Processing and Services Subsystem
(DPSS) as part of the routine collection and archive
processing for A VHRR lb data. A similar capability is
also installed on the NCDC Satellite Archive and
Retrieval System (SARS) to produce browse data from
A VHRR lb data sets collected prior to the ILABS
implementation. Browse files are temporarily stored on
Computer Compatible Tape (CCT) for further
processing within the ILABS Work Station environment.
The ILABS version scheduled for completion in
November 1990 can generate browse images from High
Resolution Picture Transmission (HRPT), Local High
Resolution Radiometer (LHRR), and Global High
Resolution Radiometer (GHRR) AVHRR data sets, for
channels 1 (visible) and 4 (IR).
The ILABS Work Station is a P.C.-based system
that inventories and copies browse files to the
permanent browse storage media, provides inventory
search functions for browse file retrieval, displays
imagery with various enhancement options, and
generates image hard copy. The Work station
environment is menu driven and user friendly, with help
screens accompanying each menu selection. Two work
stations are located at the NCDC's Satellite Data
Services Division (SDSD), and intended for use by
division personnel and directly by visiting data users.
Figure 1 shows the major system processes and
operational data flow.

Variable quality browse imagery from UNIFAX copy
Substantial hard copy storage requirements
Labor intensive library and inventory maintenance
Slow access to library materials
High reproduction costs for hard copy
Incomplete browse coverage of the A VHRR digital
archive

In September 1989 the NCDC began work on the
Image Library and Browse System (ILABS) as a
replacement for the existing image library facility.
Operational implementation is planned for October
1990. The ILABS incorporates the following attributes:
1)
2)
3)
4)
5)

SYSTEM OVERVIEW

Compact and stable storage media
Compatibility with replaced system
Fully automated browse data generation
Low cost hard copy production
Fast and user-friendly access to imagery
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one or two browse files depending on the data type and
channel selection.
For LHRR and HRPT browse files, Records 2
through n contain channel 1 or 4 browse values for one
A VHRR scan line. Record length is a function of
resolution and start and stop FOY settings. Each
physical record in a GHRR browse file contains channel
1 and 4 browse values for one AVHRR scan line if
channel 1 data is available, and two scans of channel 4
data for the night portion of the orbit. The solar zenith
angle for the nadir field of view determines channel 1
data availability. The optional Lat/Lon grids, coastlines,
and political boundary points replace browse data as
display values of 0 (black) or 255 (white) depending on
the image background shading.
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Figure 1. !LABS processing and data flow.
3.

4.

BROWSE FILE GENERATION

The !LABS work station is a 386 CPU running
under MS-DOS 4.01 and various peripheral devices.
Figure 2 shows the work station hardware configuration.
The dual optical disk drive uses 5 1/4 " erasable disks
capable of storing more than 320 Mbytes of data on a
disk side. The graphics display resolution is 640x480 at
256 gray shades, or 16,777,216 colors. The graphics card
has 4 Mbytes of memory, which is sufficient to store all
but full spatial resolution Browse files. The video
printer uses the RGB output signals from the graphics
card to produce near-photo quality prints of imagery
displayed on the graphics monitor. Images are printed
at the resolution of the graphics device (640X480) in 64
shades of gray. The image scanner provides the
backward compatibility between the !LABS and
pre-existing hard copy AVHRR imagery. The scanner
digitizes at 300 dots per inch and 256 gray levels. The
1600/6250 bpi tape transport is necessary to move the
mainframe-generated Browse files from CCT to optical
disk.
The !LABS image display software is written in
the C programming language. The data base functions
and menu system are written in Clipper 5.0. Program
utilities provided with the graphics adapter and tape
unit are used extensively for image display and the tape
to optical disk copy process.

A VHRR GHRR, LHRR, and HRPT lb data sets
are the input data source for browse file processing.
Mainframe processing is controlled by a command file
containing the following data selection parameters:
1)
2)
3)
4)
5)
6)
7)

THE II.ABS WORK STATION

Satellite Identifier
Data Type (GHRR, LHRR, HRPT)
Channel Selection
Start and End Field of View (FOY)
Grid Overlay Switch (GHRR only)
FOY averaging or subsampling
Albedo/temperature to browse value conversion
tables

Items 1 and 2 control which incoming data sets
will be processed to browse files. Either Channel 1 or 4
or both may be processed for HRPT and LHRR data
sets. HRPT and LHRR processing yields one browse
file for each channel processed. GHRR lb data set
processing yields one browse file containing browse data
for both channels. Item 4 may be used to eliminate the
distorted edge data and reduce browse file size. The
Grid Overlay Switch, when activated, instructs the
software to embed predicted Lat/Lon grids and
coastlines in the browse imagery. The gridding option is
only available for GHRR processing. Spatial resolution
may be modified by averaging or subsampling to
produce browse files that require less storage, while
maintaining sufficient quality for browse purposes.
Control file conversion tables contain the relationship
used to reduce FOY temperature and albedo data to 8
bit browse values. The conversion tables can be entered
as a set of maximum and minimum temperature/ albedo
to browse value pairs for a linear conversion, or as many
as eight conversion pairs to approximate a non-linear
conversion to control precision within desired
temperature or albedo ranges. Resulting browse values
range from 1 to 254. Values of 0 and 255 are reserved
for embedded grids and coastlines.
A browse file consists of 1 header record followed
by browse data records containing display values
representing albedo and/or temperature. The header
record contains information selected from the source lb
data set header record, and certain control file
parameters. Browse processing for a lb data set yields

S.

WORK STATION FUNCTIONS

!LABS Work Stations perform the following
functions:
1)
2)
3)
4)
5)

Copy browse files from CCT to optical disk
Generate and maintain the browse file inventory
Search for and retrieve browse imagery
Display browse imagery with enhancement options
Produce hard copy

Each tape received from the mainframes
(primarily the DPSS) typically contains all browse files
derived from A VHRR lb data ingested by the DPSS for
an eight hour period. The optical disks receiving the
browse files have one inventory file on each disk side
that contains one record for each browse file on the disk
side. The tape to optical disk copy process has four
368
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The operator may specify any combination of
retrieval parameters. Figure 5 shows the retrieval
menu. The search is open to all data sets on the disk
side if the default field values are accepted. The
channel, and geographic location fields are not valid for
the GHRR data type.
A successful search yields a list of browse data sets
meeting the specified criteria, as shown in figure 6. A
selection from the list results in a display of the
inventory data for the selected browse file and the
available processing options. The user can now edit the
unprotected inventory fields, delete the browse file and
inventory entry, display the browse imagery, or return to
the search and retrieve menu. The image mode loads
graphics memory with up to 4 Mbytes of image data and
displays 640x480 pixels at any one time in 256 gray
levels. The imaging mode offers the following display
options:
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Geographic location (lat/lon point) of interest
Percentage cloud cover
Geographic feature
Save/no save flag
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Figure 2. Work station hardware configuration.
basic steps: 1. Each file is first copied to hard disk; 2.
information in the file header is used to form an
inventory entry; 3. The inventory entry is appended to
the inventory file, and, 4. the browse file is copied from
hard disk to the destination optical disk. The copy and
inventory processing also checks whether the disk side is
being used for the first time and, therefore, does not
contain an inventory file. If the disk side is new, a
skeleton inventory file is created and processing
proceeds in the normal fashion. A second check is
made to determine if the disk has sufficient space
remaining to store the incoming browse file. If the disk
is full, the operator is prompted to supply a new disk
and processing continues. Each optical disk holds about
ten days of AVHRR browse imagery under average
operating conditions. Figures 3 and 4 show the
inventory record contents and the DOS file naming
convention used for !LABS data.
The inventory record (figure 3) cloud percentage
(cloudprc), save, and geography fields can be added by
the !LABS operator. Cloud percentage indicates the
percentage of cloud cover in the browse scene. The
save flag is used to insure that a browse file will be
retained when an effort is made to delete unwanted
browse data. The operator can enter a character string
in the geography field which may be useful for browse
· retrieval described below. The operator can use the
remarks field for comments regarding imagery features.
The remaining fields contain the information extracted
from the source lb AVHRR data set and are protected
from the inventory editing process. The
latitude/longitude coordinates are the four corner points
for LHRR or HRPT scenes. The channel and
LAT/LON fields are not used for GHRR data sets.
The Work Station user retrieves browse imagery
by mounting the optical disk covering the date/time
range of interest. The !LABS prompts for the following
search parameters:

1)
2)
3)
4)
5)

Pan and scroll
Page down
Zoom
Captioning
Display enhancements

The pan and scroll function, controlled by the key
board arrow keys, affords movement about, and instant
display of all imagery stored in the graphics memory (up
to 12 full screens). Movement about the image can be
performed in 10 pixel, or full screen increments.
Browse files produced at full spatial resolution usually
exceed 4 Mbytes and, therefore, must be loaded into
graphics memory one page at a time. The zoom feature
displays all resident imagery magnified by a factor of 2.
All other imaging options shown above are available in
the magnification mode. The captioning feature inserts
text anywhere in the displayed image. The text
overwrite the image data and can be removed only by
reloading the Browse file into graphics memory.
The display enhancement option is intended to
"stretch" the Work Station gray shade (or color) display
range over operator provided or calculated
temperature/albedo limits in order to maximize image
definition. In auto enhancement mode the system
examines graphics memory for the maximum and
minimum browse values, reassigns the minimum and
maximum values to 1 and 254 respectively, calculates a
new gray shade increment based on browse value range,
and replaces original browse values with the
recalculated value. The operator-controlled
enhancement option prompts the operator for the
desired temperature or albedo range. The inputs are
converted from temperature or albedo units to browse
units using the conversion table contained in the browse
file header record. From this point, the enhancement
processing is the same as the auto-enhancement process.
Figure 6 shows the image functions menu screen.

1) Date/time range of interest
2) Data type (LHRR, HRPT, GHRR)
3) AVHRR channel (1 and/or 4)
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RECORD#
DOSFILE:

LH100910.245 CHANNEL: 1

3

DATATYPE: LHRR

DATASETNM: NSS.LHRR.NH.D90245.S1009.E1020.B0998586.GC
CLOUDPRC:

0

SAVE: F

DATAGAPS:

2

DATE: 90245
TIME: 10:09

GEOGRAPHY:

LAT LU:

29.63

LONG LU:

37.63

LAT RU:

34.18

LONG RU:

66.80

LAT LB:

-8.31

LONG LB:

48.80

LAT RB:

-4.34

LONG RB:

73.95

REMARKS:

The process options are E(DIT), D(ELETE), I{MAGE), Q(UIT):

Figure 3. Browse inventory record.
Figure 7 is LHRR channel 1 browse imagery displayed at full resolution. Figure 8 shows a LHRR image
reduced to 4 km resolution through subsampling. Figures 9 and 10 show full resolution channel 4 LHRR (centered over
Iraq) before and after applying image enhancement. The data is redisplayed for a temperature range from 260 Kelvin to
300 Kelvin. Figure 11 shows the GHRR browse file display with the gridding option on. The GHRR browse file
contains both channel 1 and channel 4 data, so the data are displayed side-by-side. The A VHRR imagery presented in
this paper were produced using the !LABS Work Station video printer.
6.

FUTURE ENHANCEMENTS

The SDSD plans a number of !LABS enhancements to improve the Work Stations and expand the
mainframe browse data processing capability. Work Station enhancements include:
1)
2)
3)
4)
5)

Menu system mouse support
Additional inventory management tools
Image display for all A VHRR channel data
Expanded image manipulation functions
Automated image annotation procedures

The mainframe subsystem will be expanded to process all A VHRR channels, and to compute cloud cover
percentage for each browse scene. The cloud cover processing will use objective techniques such as those developed by
Stowe et al. (1989) and Koffler et al. (1973). Cloud cover information is of prime concern to users selecting A VHRR
data. The computed cloud information will be stored in the browse file inventory record, and available as an inventory
search parameter. Operational experience with the !LABS will, no doubt, bring to light the need for additional
Mainframe and Work Station enhancements.
Acknowledgments. The authors thank Charles Carpenter for lending his time and expertise to the ILABS work station
component selection process, and Jeannette Rivera, Mary Hollinger, Kay Metcalf, and SSAI contract personnel for
defining the ILABS functional requirements.
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DOS FILE NAMING CONVENTION

lb DATASET NAME:
A

NSS.~HRR.NQ.D90173.S0700.E0707.B1953333.WI

B

DEEE

CCCC

DOS FILE NAME: ABCCCCXD.EEE (LG0700X0.173)
FOR LHRR & HRPT X

=

CHANNEL# AND FOR GHRR X

0

Figure 4. DOS file naming convention.

SELECTION CRITERIA

START DATE

90220

ENDING DATE

99999

DATA TYPE

ghrr

CLOUD PRCNT

99

CHANNEL

SAVE (Y/N)

GEOGRAPHY
LAT

-999.99

LONG

-999.99

LAT & LONG
All
the
can
The

datasets within whose boundaries
given lat long values fall
be selected with this qualifier
default ignores this qualifier

Figure S. Browse retrieval menu.

REC#
37
38
39
40
41
42

DATASET NAME
CHANNEL#
NSS.GHRR.NH.D90266.Sl809.E1956.B1028688.WI
0
NSS.GHRR.NH.D90267.S1758.E1944.B1030002.WI
0
NSS.GHRR.NH.D90267.S1939.E2133.B1030103.GC
0
NSS.GHRR.NH.D90268.S0244.E0437.B1030607.WI
0
NSS.GHRR.NH.D90268.S2119.E2305.B1031718.GC
0
NSS.GHRR.NH.D90269.S0940.E1114.B1032425.GC
0

Select a record # for further processing
-1
[ENTER 0 TO EXIT OR -1 TO SEE MORE]

Figure 6. Browse file selection.
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Figure 7. Full resolution browse imagery.

Figure 8. Reduced resolution (4 km) browse imagery.
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NOAA-11 LHRR CH.4 REV# 5151 DAY 242 TIME 231BZ

Figure 9. Full resolution channel 4 (IR) LHRR imagery.

Figure 10. Full resolution channel 4 (IR) LHRR enhanced imagery.
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Figure 11. Channel 1 (visible) and channel 4 (IR) GHRR imagery with grids.
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NOAA EARTH SYSTEM DATA DIRECTORY:

KEYSTONE FOR DATA MANAGEMENT

Gerald s. Barton
National Oceanographic Data Center
National Environmental Satellite, Data and Information Service
National Oceanic and Atmospheric Administration
1825 Connecticut Ave. NW, Washington, DC 20235

1.

INTRODUCTION

and for the NOAA role in the NASA Earth
Observation System Data and Information
System (EOSDIS).

The NOAA Earth System Data Directory
(NOAADIR) is an on-line computer guide to
environmental data held by the National
Oceanic and Atmospheric Administration.
The NOAADIR was established in late 1989 to
serve two major functions:
1. it provides NOAA with a common system
for documenting data held in NOAA off ices
2. it provides the general research and
scientific community with the means to
locate NOAA data sets useful for their
studies.

2.

NOAA EXPERIENCE WITH DATA DIRECTORIES

NOAA has extensive experience with data
directories and information systems.
It
must be noted that directory systems do not
contain
the · actual
data,
but
only
descriptions which refer the searcher to
the holder of the data. The Environmental
Data Index (ENDEX) data base and the
National
Environmental
Data
Referral
Service (NEDRES) were developed in the past
two decades.
Both data base systems
contained descriptions of
environmental
data ranging from the sun, through the
upper atmosphere, to the oceans and solid
earth. These systems also documented data
held
by
federal,
state,
and
local
governments, and academic, public, and
private institutions.

The directory is part of a national and
international network of Data Directories
based on the NASA Master Directory. Most
of the Directories on the network use
identical software developed for the NASA
Master Directory system.
The keystone for the NOAADIR and the Master
Directory is the Directory Interchange
Format, or DIF, which was developed by
NASA/NOAA/USGS team as a standard way of
documenting high level information about
space and environmental data sets (NASA
1989).
A proposal has been submitted to
the Consultative Committee on Space Data
systems to make the DIF an international
standard.
All of the directories in the
Master Directory system use the DIF
structure or can exchange data using DIF.

ENDEX was developed in the Environmental
Data Service in the early 1970 's.
The
ENDEX data base was maintained on an IBM360/ 65 computer using GIPSY,an early data
base management system.
ENDEX documented
all
types of environmental data but
concentrated on the marine sector.
The
computer
system
did
not
allow
interactive use, so users would call the
ENDEX servicing office, and searches were
made overnight using batch job submissions.
The ENDEX data base was operated until
about 1979.
It amassed about 12,500
descriptions of environmental data sets
located in institutions throughout the
Unites States and also some foreign
locations.
ENDEX ceased to function when
the IBM-360 was removed from service.

The NOAADIR is the keystone for the
evolving NOAA Data Management Program. In
1989, high level NOAA managers saw the need
for
a
coordinated
effort
for
data
management within NOAA.
Dr. John Knauss,
the Administrator of NOAA, directed that
the NOAA Earth System Data Directory ' be
established.
This decision demonstrates
the commitment to data management within
NOAA. The directory is the first step in
understanding the complexity of the data
within the organization.

· The National Environmental Data Referral
Service was developed in the early 1980's
in response to the needs of the United
states National Climate Program to document
climatic data. The NEDRES data description
is modeled after the ENDEX format. NEDRES
runs on the BRS Information Technologies

The NOAADIR may be used in NOAA for data
management for several projects. Examples
are meteorological information management
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system, and uses full text retrieval, which
allows searching by any word in the data
description.
Users access the data base
using
national
and
international
telecommunication networks.
There is a
complete set of searching commands which
allow users to search for data using simple
or complex searches.
NEDRES is still
available on-line, and contains over 22, 200
data descriptions.
NOAA staff who had experience with the
ENDEX and NEDRES data directories worked
with NASA staff on the development of the
Directory Interchange Format.
The ENDEX
and
NEDRES
formats
offered
a
very
comprehensive
format
for
describing
environmental data, while the DIF has fewer
fields with more concise definitions for
parameters. The DIF was designed with the
concept of ease of use by any searcher as
the dominant factor.
3.

The search software is presented to the
user in a series of screen oriented menus.
The user is guided through the search steps
via the menus, and HELP is available at any
point. A search can be made on a variety
of fields,
for example, DATA CENTER,
LOCATION, PARAMETER, or KEYWORDS. The most
reliable search fields are those which have
fixed terms, such as LOCATION, DATA CENTER,
and PARAMETERS. The user can view all of
the valid words for a field by entering a
? symbol which results in a numbered list
of permissible terms.
The entry of the
number of the desired term adds the term to
the search parameter list.
The result of a search is all of the data
sets in the data base which meet the search
criteria. The user is given the list in a
series of screens each containing about
seven data set TITLES.
TABLE 1. is a
sample listing of Titles from the NOAADIR.

NOAA EARTH SYSTEM DATA DIRECTORY

The NOAADIR is operational on a VAX-11/785
computer
located
in
the
National
Oceanographic Data Center in Washington,
DC. This central location is available to
all users as a free service to NOAA
customers.

TABLE 1. TITLES SELECTED FROM THE
NOAA EARTH SYSTEM DATA DIRECTORY

NOAADIR uses software developed for the
NASA Master Directory. NASA has made the
software available to institutions who are
participating
members
of
the
Master
Directory Network.
The software uses
Fortran and C programming languages for
system functions and SQL commands for
communications
with
the
Data
Base
Management System (DBMS) which contains the
data descriptions. NOAADIR uses the ORACLE
DBMS, while the NASA Master Directory uses
the Sharebase DBMS Machine for the data
base.
The use of the SQL commands allow
the use of different DBMS software at
different computer sites.

1. Ocean Wind Time Series from Buoys
(NODC)
2. Summary of the Day - lst Order
weather summaries from NCDC (TD-3210)
3. Post 1976 Hourly Solar Radiation
and Meteorological Data (TD-9736)
4.
Atmospheric
Transport
Dispersion (ATAD) model with
Wind/Temperature data (TD-9743)

and
NAMER

5.
National
Meteorological
Center
Hemispheric Meteorology Pepmerge Grid
and Analysis (TD-9606)

NOAADIR can be accessed from anywhere in
the United States via direct phone lines
including
a
toll
free
800
number,
connections to the NASA Space Physics
Applications Network, and connections to
the Telenet Telecommunications Network.

6. Daily Weather Observations - Daily
Cooperative Data (TD-3200)
7. Monthly and Annual North American
Comparative Climatic Data

The user connects with NOAADIR via a
controlled VAX account called NOAADIR.
This account allows the user to access only
the
search
facilities
of
the
NOAA
directory.
The user cannot access any
other software on the VAX, thus assuring
the security of the system.
4.

description, START and STOP DATES, SENSOR
NAME, SOURCE NAME, INVESTIGATOR, TECHNICAL
CONTACT, DATA CENTER, PARAMETERS, KEYWORDS,
LOCATION,
geographic
COVERAGE,
and
REFERENCE.

The user selects a desired data set by
number
to
view
the
complete
data
description. Data descriptions are listed
in screen format, and one can move back and
forth between the pages. The information
could be captured, if desired, to the
user's Personal Computer disk for further
use.

SAMPLE NOAA DATA DESCRIPTION

A description of a NOAA data set in the
NOAADIR provides a snapshot of the data set
including DATA SET ID, TITLE, SUMMARY

A sample listing of a NOAA data description
in the Directory Interchange Format is
given in TABLE 2.
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TABLE 2. SAMPLE NOAA DATA SET DESCRIPTION LISTED IN DIRECTORY INTERCHANGE FORMAT
Entry_ID: FW00243
Entry Title: Meteorological and Oceanographic Data from the Gulf Offshore Weather
Observing Network (GOWON) (F192)
Start Date: 1981-01-01
Stop_Date: 1982-12-31
Group: Author
First name: DOUGLAS
Last name: HAMILTON
Phone: 1-202-673-5636
Group: Address
1825 Connecticut Ave., N.W.
Washington, DC 20235
End_Group
End Group
Group: Data_Center
Data center name: NOAA/NESDIS/NODC > National Oceanographic Data Center
Group: Data-Center Contact
Last name: NOAAfNESDIS/NODC
Email: TELENET > [NODC.WDCA/OMNET] TELEMAIL
Phone: 1-202-673-5550
Group: Address
E/OC21 Room 406
1825 Connecticut Ave., N.W.
Washington, DC 20235
End_Group
End_Group
End Group
Campaign: CO > Coastal Ocean Program
Storage Medium: Magnetic Tape
Parameter: ATMOSPHERIC DYNAMICS > ATMOSPHERIC TEMPERATURE
Parameter: ATMOSPHERIC DYNAMICS > PRESSURE
Parameter: ATMOSPHERIC DYNAMICS > WINDS
Parameter: OCEAN DYNAMICS > TIDES
Parameter: OCEAN DYNAMICS > WAVES
Discipline: EARTH SCIENCE > ATMOSPHERE > Meteorology
Discipline: EARTH SCIENCE > OCEAN > Physical Oceanography
Location: ATLANTIC OCEAN > Gulf of Mexico
Group: Coverage
Minimum Latitude: 20N
Maximum-Latitude: 30N
Minimum-Longitude: 95W
Maximum-Longitude: sow
End_Group Group: Summary
This file contains time series meteorological and ocean wave data measured by
instruments deployed on offshore oil rigs in the Gulf of Mexico.
The data are
being collected as part of a cooperative program between the NOAA National Weather
Service and participating oil companies.
A station identifier, position and
instrument altitude are given for each series of observations. The data record
comprises date and time and measured parameters that may include air temperature
and pressure; wind direction, speed, and gust; significant wave height, maximum
wave height and wave period; and water level.
End_Group
Group: Reference
NOAA Product Information Catalog. 1988. Washington DC: Dept. Commerce, 17lpp.
End_Group

5.
SCIENTIFIC
DESCRIPTIONS

REVIEW

OF

NOAA

DATA

directory to
information.

A key element of the Master Directory
System
is
the
Global
Change
Master
Directory (GCMD).
The GCMD is the result
of efforts by the Interagency Working Group
on Data Management for Global Change
(IWGDMGC) to establish a United States

global

change

data

and

Part
of
the
GCMD
structure
is
the
Discipline
Coordinators
Group.
The
Coordinators are PHD level scientists who
are
responsible
for
obtaining
and
describing information about data sets for
the GCMD. Part of their work is the review
of the descriptions for scientific content.
377

of the Master Directory Network viewed from
the IGBP perspective is shown in FIGURE 1. '
(IGBP 1990). Telecommunication linkage to
the Global Change Master Directory and use
of the Data Interchange Format allow
interchange of data descriptions with other
directories in the system.

To assure the scientific integrity of the
data descriptions in the NOAA Directory,
all NOAA data descriptions are reviewed by
the Coordinators,
and thus NOAA data
descriptions
are
subject to critical
scientific review before final entry into
the NOAADIR and the Master Directory
System.

Europ<on Spoa

USSR

6 ..

w1x:.0

ADVANTAGES TO HAVING A NOAA DIRECTORY

The NOAA Earth System Data Directory gives
NOAA control over data sets located in many
different parts of the organization. NOAA
is a large organization with over 12,000
. employees located throughout the United
States. There are five major components of
NOAA which collect, process, and analyze
data sets and produce products from the
data.

Satebe Oala
Centers

NASA Masttr Dlm:1ory

NOMDlrroory
US Global Chango Dln!ctory

FIGURE 1.

8.

International Directory Systen

CONCLUSION

The use of the NOAADIR will contribute to
research studies by providing information
about data to researchers and scientists.
It will help to prevent duplication of data
collection efforts because researchers can
find data that were already observed. Use
of the directory could also prevent
duplication of research
efforts and
enhance research already in progress.

Outside users can use the directory to
locate data sets which may be useful for
their research. Future enhancements to the
directory will allow the user to transfer
from the directory to a NOAA data system.
Once transferred to the data system, such
as the National Climatic Date Center, the
user will be able to access inventory
systems, order data, and perhaps access
selected data sets. The capabilities to
"Link"
to other systems are already
available in the software system, but
network linkages and software procedures in
the data centers must be established.
These capabilities will provide a powerful
data system to all users of NOAA data.
AND

Clmatt:
Da1aCenters

Data

USGS 0tr<C1ory

The NOAADIR is the keystone in the NOAA
Data Management effort. The directory will
allow NOAA managers to know where their
data are located, who is collecting and
processing the data, and where the data are
available for distribution to users. This
will give NOAA managers control over their
data whicl:i they do not have today.
The
NOAA Directory Line Off ice Team provides
NOAA with a communication link to a network
of scientists. The LO Team finds new data
sets, describes them for the NOAADIR,
provides a communication chain up and down
the line which allows dissemination of
information about the directory and the
NOAA data management effort.

7.
INTERAGENCY
ARRANGEMENTS

~< ncy(ESll)

The NOAA Earth System Data Directory is a
tool which will allow NOAA to build a
coordinated data management system.
It
provides the means for direct communication
of data descriptions for major interagency
programs such as Climate and Global Change
and the Earth Observation System.
9.
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NOAA is a participant in the Interagency
Working Group on Data Management for Global
Change, which has established the Global
Change Master Directory (GCMD) . NOAADIR is
part
of
an
evolving
national
and
international system of data directories
which includes the GCMD, the International
Geosphere-Biosphere
Environmental
Data
Directory,
the
European Space Agency
Directory, the NASA Master Directory, and
the Japanese Master Directory. A concept
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DROUGHT WATCH SYSTEM USING SATELLITE OBSERVATIONS
by Felix N. Kogan
National Oceanic and Atmospheric Administration
Satellite Research Laboratory
1. INTRODUCTION

In general, unfavorable weather has both a direct
adverse impact on vegetation and a negative impact
on the efficient use of environmental resources. The
latter contributes to a reduction in the vegetation
amount in a particular year. Resulted from these
combined impacts vegetation amount most likely to
reach its near-minimum level. By contrast, favorable
weather, in addition to its positive direct impacts,
accelerates the rate of all processes in the ecosystem
and intensifies vegetation growth that normally results
in near-maximum level of vegetation. These maximum
and minimum amount of vegetation reflect the
11
carrying capacif'/ 1 (in terms of Reining, 1974) of an
area in relation to weather impacts on vegetation.

Nearly 50 percent of the world agricultural areas
mostly in semi-arid and subhumid regions is
susceptible to drought each year. Coincidence of
drought in several principal agricultural areas quite
often leads to devastating economic impacts. That is
why timely information about the onset of drought,
their dynamics and impacts is important for mitigation
of the consequences of drought.
Unfortunately,
weather data, which are the primary source of
information used for drought monitoring, quite often
are not available in real time, especially in the areas
with marginal climatic resources.
Consequently, satellite data have been studied since
early 1980's to substitute real-time weather information
for direct observation of vegetation conditions.
Particularly, the Vegetation Condition Index developed
from NOAA/AVHRR satellite data proved its excellent
utility for drought monitoring on continental and
regional scales (Kogan, 1990a, 1990b, 1987). The
pilot test has clearly showed that this index correctly
detected the drought, estimated its intensity,
dynamics, duration, and impacts. The goal of this
paper is to describe the principles of this approach
and a system of processing and interpretation of
vegetation index data. These data together with the
available real-time weather data should be the major
components of the comprehensive drought watch
system.

3. VEGETATION CONDITION INDEX
In recent years a number of publications have
emphasized the utility of the Normalized Difference
Vegetation Index (NOVI) in ecological studies for
description of land cover, vegetation classification, or
vegetation pheno/ogy (Tucker et al. 1982, Tarpley et
al. 1984, Justice et al. 1985). Unfortunately, the
results were only marginal when the attempsts were
made to reflect weather in NOVI values. Of two
signals ecological and weather reflected in NOVI
values, weather signal is much weaker.
To enhance the weather signal, by separating it from
the whole ecological signal, the NOVI was modified
into the Vegetation Condition Index (Kogan, 1987,
1990a).
For this purpose, first, maximum and
minimum NOVI values, which correspond to favorab/e
and unfavorable weather impacts on vegetation were
identified. These values were determined for each
week of the growing season by calculating a multiyear maximum and minimum composites. Second,
the amplitude for the identified extremes were
calculated.
Third, NOVI values tor a particular
location, week and year were normalized relative to
this amplitude.
The described normalization
procedure has the following expression.

2. GENERAL PRINCIPLES
Ecological studies indicate that, within a certain time
scale, the amount of vegetation on the Earth is mainly
controlled by the environment (Clark 1985). Of the
various components of the physical environment only
a few contribute significantly to vegetation changes.
They are climate, soil, vegetation type, weather, and
relief.
These components, except for weather,
determine in general Jong-term changes in vegetation
and control spatial distribution and the amount of
vegetation on the Earth. On a short-term scale (up to
one year) the amount of vegetation inside the same
ecological zone is mainly controlled by weather.
Weather has both direct and indirect impacts on
vegetation. The direct impacts are resulted from the
dependence of vegetation growth on weather
(precipitation, temperature, etc). Weather also affects
vegetation indirectly, changing the rate of use of
environmental resources.
The highest rate is
achieved if weather is optimal. Essentially the rate
drops in conjunction with extreme weather events.

(NDV/ijk - NDVl_M/Niy*100
VC/ ..k--------------------------------------- -- -- - - 11
NDVl_MAXij - NDVl_M/Nij
where VG/ is Vegetation Condition Index (percent);
NOVI NOVI MAX NOVI MIN are smoothed weekly
Nor,;,alized Differ~nce Vegetation Index, its multi-year
maximum, and minimum, respectively, i, j and k
define week, location and year, respectively.
Because ecological signal is removed from NOVI
values, the VG/ provides numerical approximation of
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weather impacts on vegetation and also measures
conditions of vegetation. The Vegetation Condition
Index ranges from 0 to 100 percent, corresponding to
the changes in vegetation conditions from extremely
bad to optimal. Numerical experiments with VG/
showed that its values below 30 percent appear to be
The ability of the
a good indicator of drought.
Vegetation Condition Index to identify and track
drought was tested during the period 1988-1990 in
the United States. The results were compared with
ground observation. The summary of these results is
presented below.
4. DESCRIPTION OF DATA AND THEIR PROCESSING
Weekly NOVI data of the Global Vegetation Index (GVI)
format were available for this study from April 1984
through September 1990.
The procedure for
Fig. 2. Area of 1989 drought outlined by the VG/ at
the end of May (A) and precipitation deficit (75 % of
normal) during fall 1988, winter and spring 1989 (8).
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a compound median filter to remove outlier.
emphasize seasonal cycle and weather-resulted
changes in NOVI time-series. The last two processing
included the mentioned procedure of calculating
maximum and minimum for NDVl's time-series1
amplitude and normalization of NOVI values.
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5. DROUGHTS OF THE 1988-1990 IN THE USA.

( CJ

Droughts during the period 1988-1990 in the USA
were quite different in their area coverage, intensity,
duration and impacts. Weather observations indicated
that the drought of 1988 covered vast areas in qentral
and western US. It was very unique because of its
occurrence early in the season, rapid development,
expansion, and unusual severity.
This drought
devastated crop and pastures, natural resources, and
brought considerable damage to economy (Kogan,
1990b).
By contrast, the weather of 1989 was
favorable for vegetation growth. Meanwhile, dryness
~n t~e spring and early summer hurt the wheat crop
m the central and southern Plains. However, the area
of drought was very small (USDA, 1990a). The 1990
weather was also favorable in the US. Meanwhile, in
some areas the vegetation was under stress. It
occurred in the northern Plains, west and western
Taxes in spring and early summer; and in the
southeast and northwest in late summer.

Fig. 1. Area of 1988 drought outlined by the VG/ at
the end of June (A) and ground observations:
precipitation deficit (3-6 inch) during April-June (B)
and reduction of corn yield (C).

calculating GVI is described in Tarpley et al. 1984,
NOAA 1986. After a spectral reflectance is measured
by the AVHRR instrument, the 1 km resolution original
data (LAC) are sampled to 16 km resolution (GVI) and
NOVI is computed. To reduce the influence of clouds
and other atmospheric, surface, and scan angle
effects, 7-day maximum vegetation index composites
are calculated.

In 1988 the Vegetation Condition Index identified the
drought at the end of April in the nortnern Great
Plains, the East, some western states, and in southern
Texas. By the end of June this drought expanded to
the southern and central US (Kogan, 1990b). The
area of drought identified from satellite coincided with
that area outlined by a deficit of rainfall since the
beginning of April and a reduction of corn yield in

Additional processing included spatial sampling,
temporal filtering, enhancing ecological signal and
separating it from weather signal. Spatial sampling
consisted of obtaining average value of NOVI for each
grid 1. by 1° longitude/latitude from approximately 50
GVI pixels. Temporal smoothing was performed with
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1988 (Fig. 1). Time-series analysis indicated that VG/
not only detected the drought, but also correctly
estimated its intensity, dynamics, duration, and
impacts (Kogan, 1990b). At the end of the 1988
growing season the drought remained in the central
US and California.
At the end of 1988 growing season stressed
vegetation remained in central US and California. In
spring 1989 satellite data did not show any sign of
drought in California, due to frequent showers during
the late fall, winter and spring of 1988-89. Meanwhile,
in the central US and adjacent regions to the south
and west (except for Colorado), satellite data clearly
identified stressed vegetation following a lack of
rains during September 1987 through April 1989 (Fig.
2). Severe vegetation stress in the central - and
southern part of western US continued through midsummer, as estimated by the Vegetation Condition
Index (Fig. 3). Weather and Crop Bulletin (USDA,
1990a) emphasized that "severe drought decimated
wheat crop in the central and southern Plains.
Kansas had the worst wheat yield since 1967.
Drought also affected California for the third
consecutive year."

Fig. 4. Area of 1990 drought outlined by the VG/ at
the end of August (A) and precipitation anomaly
during June-August (BJ.
below 75% of normal
® above normal

e

on vegetation. This index can be also used for
assessment of vegetation conditions on a large areas.
These assessments are likely to be complimentary to
weather-derived estimates. Some tests also showed
that Vegetation Condition Index has potential in
estimating long-term changes in the environment. In
this regard the VG/ and the whole approach will be
useful in the global change studies.

As the result of dry winter and spring· by the end of
May 1990 stressed vegetation was identified in the
western US and northern Plains. Since mid-summer,
1990 VG/ continued to indicate dryness in the
southeast and western US. That was resulted from
both dry conditions earlier in the season, and
shortage of rains during June-August (Fig. 4). These
assessments are in agreement with the Weekly
Weather and Crop Bulletin estimates indicating
shortage of soil moisture in those areas (USDA,
1990b).

_:
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5. CONCLUSIONS
Weekly satellite data of 16 km resolution used in this
study are available from NOAA/NESDIS in real-time for
any part of the globe between 75° N and 55° S. The
Vegetation Condition Index, derived from these data,
showed an excellent ability to detect drought and to
measure its intensitv. duration, dynamics, and impacts
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A EC-BASED WORKSTATION

William Tseng, Peter Celone, Kim Buttleman, and Marcia Weaks
National Oceanic and Atrrospheric Administration, National
Satellite, Data, and Information Service,
Camp Springs, Maryland

1.

IN'IRODUCTION

This paper describes the capabilities and
several oceanographic applications of a personal
canputer CPC)-based workstation developed for
display and analysis of satellite imagery and in
situ observations. The first part of the paper
discusses workstation development background,
and the current hardware and software
configuration. Applications of the workstation
to the coastal and estuarine enviro~t are
discussed next, including several case studies.
Finally, a surrmary of planned future directions
is presented.
2•

Enviro~ntal

The original image processing programs
were developed using Microsoft Fortran. This
version is known as the Satellite SST Image
Processing System CSSIPS). Due to limitations
of FORTRAN for image processing and interfacing
with the EC operating system, the existing
FORTRAN programs were converted to Microsoft "C"
programning language. The "C" version, IDIDAS,
has since been substantially improved to enhance
user-friendliness and to include new capabilities such as image geocorrection and image
filters. An extensive documentation, testing
and rnanagenent process has been developed for
the software. A m::>re canplete develop~t
background is found in the paper, entitled:
A PC-Based Interactive Graphics System to
Perform Satellite-Derived Oceanographic Thermal
Analysis (Weaks, et. al, 1988).

BACKGROUND

Since 1986, scientists in the National
Oceanic and Atrrospheric Administration's CNJAA)
National Enviro~tal Satellite, Data, and
Information Service CNESDIS), have participated
in a project to develop personal canputer
(PC)-based software to perform satellite-derived
oceanographic analyses for the coastal oceans.
This PC-based system is called the Interactive
Digital Image Display and Analysis System
(IDIDAS). It canbines nenu-driven, interactive
image display, processing, and analysis
capabilities with geographic information system
('GIS)-like capabilities on low-cost,
carrnercially-available hardware canponents.
Also being developed are new nethodologies for
operational oceanographic analyses. These
methodologies may also be applied or adapted to
meteorologic, hydrologic, and land science
phe.!'lcmana.

IDIDAS was developed to improve upon the
manual methods of oceanographic features
analyses. The objective has been to develop
both the software system and the nethodologies
for operational oceanographic analyses using a
canbination of autcmated and interactive
canputer techniques. This new system greatly
reduces the navigational errors and analyst
errors from the manual methods, and has
increased the speed of image interpretation and
analysis production. The methodologies
developed may also be applied or adapted to
meteorologic, hydrologic, and land analyses.
Since it based on a PC, its hardware is cost
canparatively low, allowing its use for a
variety of applications.

Canbined with pre-processing perfo~ on
NJAA's mainframe canputers, the IDIDAS system
improves upon and replaces time-intensive manual
analysis nethods with a canbination of autcmated
and interactive canputer techniques. IDIDAS
software is written for a standard 80386 PC
augmented with a high resolution graphics card,
a high resolution color m:>nitor, a standard
carmunications capability such as a m:xlem or
Ethernet, and standard output devices such as a
laser printer or high resolution plotter.

IDIDAS is currently in use by many ?OC:>AA
offices for research and developnent efforts,
and is used operationally for NJAA's CoastWatch
project (Weaks, et. al., 1990).
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Figure 1.

3.

OVERVI~

PC-based IDIDAS workstation and mainframe system.

OF HARI:MARE

4.

The present configuration of the PC-based
IDIDAS workstation and an exarrple of a
carmunications link to the NJAA mainframe system
is illustrated in Figure 1.
·

DATA

PREPROCE.SSI~

Digital AVHRR satellite data are
transmitted from the N:.>AA polar-orbiting
environmental satellites CPOFS) to earth
receiving stations operated by NESDIS in wallops
Island, Virginia, and Fairbanks, Alaska. Raw
satellite data are converted to a "lB" format,
and placed on a rotating data base, where each
data set is resident for approximately 24 hours.
The data is also archived by the NESDIS
Satellite Data Services Division.

IDIDAS is designed to run on an IBM
AT-canpatible PC, using In> 3.0 or higher. For
acceptable performance the PC should run at
16MHz or zrore, and should be equipped with a
hard disk and at least 640 kb RAM. PC graphics
may be &;A, a;A, or VGA. Image display is
provided by a Number Nine COmputer Corporation's
Revolution 512x32 bit graphics board. This
board contains a high speed graphics control
chip, lMB RAM for high resolution C512x512)
image display with 8-bit red, green, and blue
image planes, plus 8 1-bit graphics planes, as
well as RAM for color and overlay lookup tables.
The Number Nine board image display output is
directed to a high resolution, analog RGB
monitor. Highly recoomended cptions for the PC
include an 80387 math coprocessor and a
bus-interface zrouse. output is provided using a
Hewlett-Packard 7475A six pen plotter and a
wide-carriage dot-matrix printer. The cannunications cption shown in Figure 1 uses a rx:A IRMA
card to emulate a 3278/79 terminal for Time
Share Option (TSO) carmunications on NJAA's
mainframe canputer and to provide file transfer
capabilities.

Image files used by IDIDAS are produced
by software resident on the NJAA NAS9000
mainframe canputer. The software, called
SSTMAP, accesses the lB data base, allowing the
user to choose a particular orbit data set or
have the program find the data set which
provides the best coverage of a chosen area.
The program calculates blackbody tenperatures
· for the thermal channels, and counts for the
vfaible channels. Sea surface tenperatures are
calculated using the rcultichannel atzrospheric
corrections developed by McClain (1981). An
updated and improved version of SS'IMAP - IM:;MAP
- is currently being tested. This will be
NOAA's software for operational processing of
AVHRR data, and is expected to becare
operational in early 1991. The IDIDAS software
was written to be canpa.tible with image and
graphics files produced by an AVHRR ma_pping and
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calibration program resident on one of the N:>AA
mainframes. This program produces properly
formatted, calibrated and remapped Advanced very
High Resolution CAVHRR) satellite image files
and related latitude/longitude grids and
geopolitical boundaries (Jandhyala, 1990).
Single channel imageryfrcm .the TIROS-N AVHRR,
and canputed moisture corrected sea surface
tenperature (SST) imagery are produced in a PC.displayable size of 512x516 pixels. Full
thermal resolution of 0.05 C is preserved within
the 12 bit image format. In addition, four
graphics bits are available for lat/long grids,
coastlines, etc.

6.

The PC-based IDIDAS workstation has been
used to study a variety of ocean-related
phenanena to support the following applications:
o Sea surface temperature display either
satellite-derived or in situ data, current
.boundary tracking, sea ice tracking, coastal
circulation, cold and warm eddy study, and
coastal upwelling detection.
o Ship navigation and routing, by analyzing the
location of ocean currents, frontal, eddy,
sea and lake ice boundaries.
o cannercial and recreational fishing, by
analyzing the location of frontal and eddy
boundaries, SST isotherms, sea and lake ice
boundaries, and upwelling areas.
o Recreational boating and racing, by analyzing
the location of ocean current and eddy
boundaries.

NOAA users transfer the image/graphic
files frcm the mainframe canputer to renk)t,e
workstations using IRMA terminal emulator
hardware and software, asynchronous IOOdems, or
an Ethernet network. Prior to transfer, orbit
and processing information is prefixed to the
image files as a header, and the image and
graphics data are canpressed into a smaller file
size.
5.

APPLICATIONS AND ANALYSES

The following case studies illustrate the
capabilities of the IDIDAS system for selected
applications. However, it should be noted that
the information provided is part of the
dem:>nstration to show the usefulness of the
software. The interpretations provided here are
valid for the analyzed data only and may not be
indicative of other time frames or data sets~

OVERVIEW OF IDIDAS SOFIWARE

After images are transferred to a PC
workstation, IDIDAS software is used to load it
to the Revolution board. The image header
information is written to a file on the hard
disk and the image and graphics data are
decanpressed and loaded into the display menory
of the Revolution graphics board. A lookup table
is used to convert the 12 bit image data to
eight bits. This allows preservation of the
full thermal resolution, and also allows a user
to tailor the image load to a particular
temperature range of interest. The graphics
board controls the image and graphics display on
a high resolution 512x480 color rronitor. It
supports eight independent graphics planes and
eight bit image display resolution. Typically,
a single image is loaded into the red, green,
and blue color guns of the color rronitor to
produce a grayscale image, although three images
can be displayed simultaneously for false color
image compositing.

6.1

Sea Surface TeI!perature Display

Figure 2 is a calibrated, mapped to
Mercator projection, 1.5 km resolution infrared
satellite image taken frcm channel four of the
AVHRR on board N:>AA's NJAA-10 satellite on May
3, 1989. The Gulf Stream ot/ the Nobth Carolina
coast is outlined by the 21 C and 22 C
dsotherms. Distribution of temperatures within
the coastal areas, including Pamlico Sound, are
clearly outlined by the isotherm analysis.
Prior to the analysis, several IDIDAS functions
have been applied to the image, including
·geocorrection to correct for image misnavigation, a cloud mask, a mean image filter to
SIOOC>th the data, and false color enhancement to
define specific temperature areas. The isotherms were drawn along the boundaries of
different colors.

Most of IDIDAS' capabilities are
·contained in a main program called "ANALYZE".
Typical image processing functions such as user
defined false color or black and white
enhancements, application of colorbar,
mouse-driven zoom and roam, cursor-driven
drawings and annotation, and pixel value
interrogation (temperature, count, latitude, and
longitude) are contained in this program.
Drawings are saved as files of
latitude/longitude points, and mar be overlaid
on images with d'iffe'rent geographic boundaries
and resolutions. In addition to ANALYZE, other
primary routines perform the following
functions: load image and/or graphics, loop
images, apply spatial danain image filters,
interactively geocorrect an image, and output
image/graphics. All main routines are accessed
via a shell driver, and are based on LOI'US-like
cursor-controlled menus. A newly developed
software program to produce ocean turbidity
image using NJAA channel 1 and 2 images is being
tested.

6.2

Gulf Stream Boundary Tracking

Figure 3 is a calibrated, mapped to
Mercator projection, 4.0 km resolution SST
satellite image taken frcm the AVHRR on board
NOAA's NJAA-11 satellite on April 20, 1990. The
image has been linearly enhanced to elll>hasize
the warmer temperatures of the Gulf Stream.
Clouds obscure all but the shoreward extension
C"North Wall"> of the Gulf Stream south of New
England; a warm eddy is also located near
,40N/65W. Progressive positions of the Gulf
Stream's North Wall and warm eddy frcm April 18
through April 23, 1990 are outlined using
imagery frcm NOAA-11. Prior to the analysis,
all images "Were geocorrected to ensure accurate
latitude/longitude referencing. Many other
IDIDAS functions have also been applied to the
analyses, including..distance measurement,
annotation, line drawing along the boundaries,
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Figure 2. Ocean surface temperatures distribution of the Gulf Stream
area from NOAA-10 AVHRR channel 4, May 3, 1989 (original in color).
etc. The north-south displaceirent of the North
Wall at various longitudes is shown in Table 1.
Also calculated are the displaceirent speeds.
The average displaceirent speeds shown in Table 1
are all less than 1 krn/hr, with the maximum 0.9
km/hr at 66W, where the warm eddy occurred.

the approximate expansion and contraction speed
of the eddy from April 18 through April 23, 1990
(Table 2) • Measureirents were nade of the
east/west displaceirents along 40.2N of entrained
slope water along the periphery and within the
eddy (outer and inner boundaries, respectively).
Also ireasured were north/south displacements
along 65N for the same features. F.ddy diameters
were also ireasured in a similar fashion (Table
3). The expansion and contraction speed of the
eddy as calculated in Table 3 shows that the
inner speed is twice higher than outer speed at
the west boundary. However, at the south
boundary, the inner and outer speeds are almost
the same, and are also smaller than those at
west boundary. It implies that the energy
imposed on the east-west direction is higher
than that on the north-south direction.

Well-developed meanders with wave forms of an
average wavelength of 293 km, ireasured by the
IDIDAS software, can also be observed on the
boundary.
6.3

Warm F.ddy within the Slope Water

The interaction of the warm eddy in
Figure 3 with the Gulf Stream and slope water
envirornrent is illustrated by the entrainrrent of
the warm Gulf Stream water into the cool slope
water. These features were used to calculate
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Figure 3. Boundary displacerrent, ireandering, and warm ring at the
Gulf Stream's North Wall, OOAA-11 AVHRR channel 4, April 18 to
23, 1990 (original in color).

Table 1. Displaceirent of the North Wall of the Gulf Stream,
April 18 to 23, 1990.
Longitude, W

Date

Time

71

69

68
Distance

(Gfr)

67

66

65

(km)

------- --------- ---------------------------------------

4/18/90

18
.

4/18/90

23

4/19/90

18

4/20/90

6

4/23/90

17

-10 *

10

9

13

6

-19

6

-9

16

0

3

-3

19

13

-29

-19

38

17

0.5

0.3

0.5

0.4

0.9

0.7

}

6

0

}

22

}
}

Avg. Displaceirent
Speed Ckm/hr)

*Note: '-' sign southward movement, positive values refers to
northward moverrent; ' - - ' ·means no data available due to cloud cover.

387

6.4

Sea Ice Tracking

rotating counterclockwise while it was nnved
slowly eastward. From November 17 to December
9, the berg rotated about 180°. Three reference
points indicated in the figure were used to
measure its rrov~nt, as sumnarized in Table 4.
Point 1 represents the eastern tip of the
iceberg on December 9, 1987, and Points 2 and 3
represent the northwestern and southwestern
corners, respectively. The total distance
traveled at these three reference points are
different. Point 1 traveled the longest
distance and Point 3 traveled the shortest
distance. This implies that the iceberg rotated .
along an axis close to Point 3, and the center
of rotation of this iceberg must be around Point
3.

Figure 4 is a calibrated, ma.wed to polar
stereographic projection, 1.1 km channel one
(visible) image taken frcxn the AVHRR aboard the
NOAA-9 satellite on December 9, 1987. It shows
the position of an iceberg located at approximately 57S/33W in the Antarctic region. The
iceberg, known as A-20, broke off the I.arsen ice
shelf in early 1986. When it broke free, the
surface area was approximately 70x80 km. It
moved slowly north and east over the austral
winter, and by November, 1987, was located about
230 km southeast of the South Georgia Island.
By carefully observing a time series of iceberg
positions, we have determined that the berg was

Figure 4. Iceberg tracking in Antarctic region, OOAA-9 AVHRR channel 1,
November 17 to December 9, 1987. The image shows the iceberg final
position on December 9, 1987 (original in color).
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Table 2 The average contractionbexpansion distances and speeds
of entrained slope water at 40.2 N and 65°w.
Time

Date

Distance (km)
West Boundary South Boundary
Inner outer
Inner outer

(GMT)

----- ------

------- -----------4/18/90

18

4/18/90

23

4/19/90

18

4/20/90

06

4/23/90

17

-25 *

}

9

0

}

0

-21

3

0

}

-6

-6

3

-3

}

46

-18

0.7

0.4

0.4

0.3

---------------------

Avg. Contraction/
Expansion Speed Ckm/hr)

*Note: '-' sign means westward or southward displaceirents, while
those without sign refers to eastward or northward displaceirents;
'---' means no data available due to cloud cover.
Table 3 Measur~ts of eddy diameter (using the boundaries of
entrgined slope water for the we3tern and southern boundaries) along
40.2 N (horizontal) and along 65 W (vertical).
Date

Time (GMT)

Diameter (km)
Horizontal
Vertical
Inner outer
Inner outer

4/18/90

18

4/18/90

23

104

140

128

147

4/19/90

18

129

153

125

147

4/20/90

06

126

147

135

153

4/23/90

17

--------------------- ------------Average Diameter Ckm)
119
147

140

----------149
132

Table 4 Measured distances of three reference points for
the A-20 iceberg, from November 17 to 30, 1987, NOAA-9 AVHRR
channel 1.
Distance (km)
Point 1 Point 2 Point 3

Date
11/17/87
}

48

35

32

}

22

21

15

}

59

47

32

}

16

19

9

}

13

4

12

}

26

23

12

184

149

112

11/19/87
11/20/87
11/27/87
11/30/87
12/04/87
12/09/87

Total Distance

(km)
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7.

Stl+iARY

9.

This pa_per gives a brief introduction to
the PC-based IDIDAS workstation developed at
NOAA, its associated software, and s~ of the
applications. IDIDAS is continually being
enhanced to improve it's efficiency and user
friendliness. Future plans include adding
capabilities to track river outflOW' boundaries,
determine details of coastal circulations,
analyze other satellite data sets, and possibly
determine water color differences. New software
and hardware will be incorporated to IIEet the
needs of the user comnunity.
8.
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6.16

CLICOM - FLEXIBLE DATA MANAGEMENT

Roger Bissinger and Dan Manns
NOAA, NESDIS
Global Climate Laboratory
National Climatic Data Center
Asheville, North Carolina

1.

INTRODUCTION
between the different ships.
The same
problems exist in WWII forms, however the
variety in observing practices was the
exception rather than the rule.
The
processing system needed a method of
handling these inconsistencies.

CLICOM (CLimate COMputer system)
was developed at the National Climatic
Data Center (NCDC) in the mid 1980s
(McGuirk 1986) and has undergone periodic
upgrading since that time.
It exists
today as a microprocessing system for the
entry, quality control and archival of
climatological observations taken at
fixed locations.
One of CLICOM's most
powerful
features
is
its
inherent
flexibility.
The
data
management
capability coupled with the system's
flexibility allowed us to choose CLICOM
for a project which required the key
entry and quality control of over 3
million
marine
observations,
from
numerous
form
types,
with
varying
observing practices.
This project was
implemented to improve the temporal and
spatial coverage of the Comprehensive
Ocean-Atmosphere Data Set (COADS) by
incorporating
presently
undigitized
records from the years spanning .t he two
world wars (1913-1920 and 1937-1946).
(Hadeen and Withee, 1988)

Another primary goal for this
project was, in addition to keying the
data required for COADS, to preserve and
digitize as much of the data from the
forms as possible to enhance the analysis
of the data. Therefore an extensive ship
history record was required for each form
in order to document the instrument
types, corrections, ship destination,
ship type, country and other pertinent
information.
A real time key entry quality
control was an essential requirement
because
of
the
various
reporting
practices
and
the
difficulty
in
interpreting the writing styles which are
often nearly illegible. In addition the
forms are aging and fading.
Since
preserving
data
originality
was
a
critical element, it was considered a
necessity to allow the key operators to
key exactly what was written on the form
rather than code the data prior to keying
as they were accustomed to doing.

This paper will discuss the unique
requirements presented to the CLICOM
system by this project, the enhancements
made to the CLICOM software, and an
analysis of the operational system.
2.

THE
MARINE
REQUIREMENTS

DATA

PROCESSING

The last requirement included an
interactive update and quality control
system
involving
a
meteorological
analysis to determine if the entry on the
form was interpreted correctly.
Once
again the goal was to maintain data
originality. The examples of a 1918 and
a 1941 form in Figures la and lb indicate
the
need
to
check
key
entry
interpretation because of:

The COADS Improvement Project
required NCDC to analyze the 200,000
forms
of
ships
meteorological
observations transferred from the Federal
Records Center, digitize and key verify
the data and convert it into the COADS
format. This task presented a unique set
of requirements in order to meet the
proposed goals.

1)
The overzealous pre-analysis,
written on the forms during a previous
attempt to key this data, which often
masks the original entry.

The forms from the WWI period
contain a profusion of data formats along
with
a
wide
variety
of
observer
practices. Even the forms with identical
formats had elements with varying units

2)
The difficulty in reading the
hand writing.
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3.

SELECTING A METHODOLOGY

3.1

Available Alternatives

CLICOM can be easily adapted by the
user to meet virtually any local need.
As with any powerful processing system,
the more complex modifications do require
more than a casual knowledge of the
system.

The options that were identified
and evaluated to select the best method
of processing this data were:

Elements - type and units may be
defined or modified by filling in a brief
form. (see Fig . 2.)

1)
Develop key entry procedures to
allow the use of the existing fixed
format marine processing system.
2)
Develop a new marine processing
system.

Element Definition
ELEMENT-CODE

ttJ

3)
Ad~pt
an
existing
data
processing system, such as CLICOM,
to meet the project requirements.
DATA-VALUE UNITS

3.2

rnmmmmmmmmm SCALE

FACTOR l@tW~';

Figure 2. Element definition form
Data Entry forms - The user selects
the desired elements and their order of
appearance by filling in a data entry
definition form. (see Fig. 3.)
As many
as forty elements can be selected for
inclusion on each data entry
form
defined.

The CLICOM system was developed
under
the
auspices
of
the
World
Meteorological Organization (WMO) as a
turn-key, microcomputer based climate
data
system.
The standard CLICOM
configuration consists of one IBM AT and
two IBM XT class machines on a local area
network. CLICOM is designed to digitize,
quality control, store, retrieve and
analyze climatological data.
It also
supports the ancillary data bases needed
to properly manage the climate data.
These include a comprehensive station
history data base capability, climate
data inventory capability and system data
dictionary.

Dataset Key-entry Configuration
Please specify the order in which elements are to appear on the keyentry form by entering the element codes in the fields below.Elements will
be listed on the key-entry form ordered by the llllli:>ers beside each field.
oatatype:;mm Dataset :Wm

The CLICOM software is an almost
equal mix of commercial packages and
custom software developed at the NCDC.
The backbone of the CLICOM system is the
commercial
relational
data
base
'DataEase' from DataEase International.
Specialized
climate data
entry
and
quality control modules were developed at
the NCDC using the FORTRAN programming
language. All the related CLICOM modules
(commercial and custom) were unified
under one master menu system.

Figure 3. Data entry definition form
Data entry forms for use with several
manuscript observation formats may be
defined
and
maintained
on
line
simultaneously.
Quality control checks - Parameter
files controlling all aspects of the
automated quality control can be easily
modified using any line editor of choice.
(see Figs. 4 and 5.)

CLICOM was developed from its
inception to be flexible and easily
adaptable to the climate data processing
needs of a myriad of users worldwide.
Climate elements, data entry forms, units
of measurement,
and quality control
parameters are all readily tailored to
the immediate requirements of the user in
the field.
This versatility was a
deciding factor in our decision to use
CLICOM for the marine processing.

4.1

tmmrnnmmm ELEMENT-ABREV :t:trn:rn

CLICOM Was Chosen

After careful consideration of the
alternatives, the decision was made to
adapt the CLICOM software system for this
project.

4.

ELEMENT NAME

REQUIREMENT
CAPABILITY

vs

EXISTING

ELEMl,QCl,RELl,VALUE-1,ELEM2,REL2,VALUE-2
002,01, > =,10.0, '< =,050.0
002,04, > =' ,001, '
002,05, > =' ,001, '
002,06, ,5.00, ',10.0
002,51, ' ' ' '
002,52, ' ' ' '
002,53, ,0.80, ' ,0.90
002,55, ' ' ' '
003,01, > =,10.0, '< =,30.0
003,04, < =' ,002, ,0.0
003,04, < =' ,001, ,0.0

CLICOM

Levels of Adaptability

Figure 4. Sample QC control file
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002, 01, >=, 020,

I
I
I
I
I
I
I
I
I
I
I

I
I
I
I
I
I
I
I
I
I

I
I
I
I
I
I
I
I

I

I
I
I
I
I
I
I

entry per day, several synoptic
entries per day or some number of
hourly entries per day).

OOO, <=, 040,

I
I

L Value-2B
L Value-2A

L Relationship-2

Resolution
CLICOM supports
seven data types defined by the
observation schedule (see Table II) .
Menu selection allows easy movement
between these data types.

validcodesare<,>
I <=I >=I RE
L Element-2
L Value-1B
L Value-1A
L Relationship-1
valid codes are < ,> ,<=,>=,RE (required)

L QC-type

Table II CLICOM supported data types

conmand

Element code

1.

2.
3.
4.
5.
6.
7.

Figure 5. QC control file definition
Software
A complete set of
programming standards were developed
prior to any coding to insure all
software could be easily modified to meet
unforseen future needs.
(see Table I.)

Monthly Data
Decadal Data
Daily Data
Synoptic Data
Hourly Data
15 Minute Data
Upper Air Data

(MLY)
(lOD)
(DLY)
(SYN)

(HLY)
(15M)

(U-A)

Table I Programming standards
1.

2.
3.

4.

4.2

4)
Requirement - Ensure that key
entered data accurately reflects the
entries on the forms.

Modular
Documented
Standardized code
Consistent coding practices

Meeting
System

the

Needs

of

a

Resolution
CL I COM
incorporates a two stage approach to
resolve this problem.
a)
User
defined
interactive
limits
and
relationship
checks
(including
non-meteorological
elements) are applied to all data
during key entry. Any datum failing
a quality control check during data
entry must be double keyed.

Marine

The marine system requirements and
CLICOM's ability to meet them are:
1)
Requirement
Due
to
the
extensive period of record involved,
the varied national origins and
divergent
vessel
types,
many
different manuscript forms and data
formats are included.

b)
Post entry quality control is
performed - to identify remaining
outliers. The forms are reevaluated
to
ensure
the
outliers
were
accurately transcribed.
5)
Requirement
appropriate flags to
data.

Resolution - CLICOM key entry
forms can be defined to duplicate
any manuscript form when needed. As
many as seventy key entry forms may
be defined in CLICOM at any one
time.

Assign
questionable

Resolution - During the post
entry quality control,
relative
quality flags are assigned to each
datum based on the user defined
quality control parameters.

2)
Requirement
Previously
unidentified elements such as status
of the sea, and non-meteorological
elements such as octant of the
globe, ships course and speed etc.
must be tracked.

6)
Requirement
Process large
volumes of data through key entry,
quality control and archive with
little or no adverse interactions.

Resolution
CLICOM
will
support 1000 element definitions at
any one time.
Approximately 300
most commonly used elements are
predefined.
This leaves about 700
elements that can be added as
needed.
Also, any defined element
can be deleted or updated at any
time.

Resolution
CLICOM
was
designed as a locally networked
three work station system with full
file locking capabilities.
Three
operators
may
each
perform
a
different
processing
function
simultaneously
with
no
file
conflicts. (i.e. key March data,
quality control February data and
archive
January
data,
all
at
virtually the same time.).

3)
Requirement - Key enter from
several manuscript form types, each
of which might contain any one of
several observing schedules (One
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7)
Requirement - The ability to
quality control fields based on a
range of data in related fields
would be beneficial.

VOYAGE ENTRY FORM
Country Code: ;; ;:;
Ship Name: ? rn@t)@ ,,.,,,,, ,,,,,,,,,.,.,.,...· /)))'('i
Ship Type:

Resolution
CLICOM
only
supports relationships between two
single data fields . Modification of
existing programs was required. The
element quality control parameter
file was enlarged to include two
additional fields in each record .
This permits the entry of two values
for each element in the quality
control file.
The quality control
module
was
then
modified
to
recognize and perform range checks.
(i.e. If present weather is snow
then temperature must be -40C <>
+04C.)

?JWU ''''' '='=m= ,,,,,,,,,,,,,,,,,,,,,,,.,,,

Ship Observer : ::::::::::::::::::t~:~r:~ }t }{{f?tt~
Voyage Began Month: lf Year: ;;
voyage From:

t)?{

trnrnmmm

Ocean(s) Crossed During Voyage:

IJWi

Barometer Type CA •• Ane r oid, M•• Mercurial):

t

lfrl?
Year: lWlt

Barometer Correction (0.05 or -0.13):

Barometer Last COl!l>ared Month: {}
Temperature Method (B • • Bucket , I • • Intake):

~ater

m

Air Terrp Method
CS •• Stationary, P •• Psychronometer, 0 •• Other):
Form and Conversion Type:
Remarks: ;j;;

:W:?t

/WJ ':::'/'::::':'::::::::::::::':'};:':::=: :::·::

Figure 6. Ship station history form
8)
Requirement - The ability to
enter alpha coded fields (NE) as
well as numeric fields (045) would
eliminate the need to manually
convert these fields.

operators, one part time meteorology
student to assist in pre-analysis and key
verification, and one meteorologist to
manage the project.
As of October 1 ,
1990, the key operators had completed
142,000 observations and 13,000 ship
history records in 16. 8 person months.
To our knowledge this is the first CLICOM
project which used professional key
operators.
This experience has proven
that the key entry speed is too fast for
the XT class machines which are norma l ly
a part of a CLICOM system.
NCDC is
currently waiting for two AT class
machines to replace the XTs.
-

Resolution - CLICOM does not
support entry of alpha characters .
Programming
new
modules
was
required. The data entry module was
modified to accept alpha characters.
An encode/decode module was written
to perform all identified alpha to
numeric conversions. The data type
selection menu was expanded to
include the selection of a new form
that allows the user to define any
conversions that are desired.
The
key
entry
module
was
further
modified to recognize the alpha
conversion request and convert the
data as it is entered.

6.

CLICOM Version 2 .1 is currently
installed at more than 100 international
sites around the world with approximately
60 more in the United States.
CLICOM
Version 3.0 with a greatly improved
graphics capability will be available for
distribution early in 1991.

9)
Requirement
The
most
important requirement, to maintain a
viable station history data base for
mobile observing platforms, proved
to be the most difficult.

The Marine CLICOM system referred
to in this paper is in full operation at
the
NCDC.
However,
formal
user
documentation of the marine aspects of
the system has not yet been produced. If
sufficient interest is expressed and the
personnel resources can be found to
produce the required documentation and
modified release diskettes, a Marine
CLICOM system could be made available to
interested users.

Resolution
Existing CLICOM
station history is tailored to fixed
observation sites. Programming new
modules was required.
A complete
marine station history module was
created to allow the entry of one
station history record for each
voyage.
This record includes such
entries as; vessel identification,
port of origin, destination, type of
vessel, etc.
(see Figure 6 . ) The
CLICOM menu system was modified to
allow easy selection of this new
module.
5.

STATUS/AVAILABILITY OF THE CLICOM
MARINE SYSTEM

7.

CONCLUSIONS

Modifying the CLICOM system to meet
all the requirements of this marine
application involved adjustment at every
level of CLICOM's inherent flexibility.
Personnel at the NCDC were able to
successfully implement all of these
modifications leading to the success of
the ongoing COADS project. We feel this
project reaffirms the feasibility of
CLICOM
as
a
user
tailorable
data

STATUS OF THE COADS PROJECT

The
Pilot
Project
for
COADS
Improvement was completed on October 1,
1990. NCDC is proceeding with the COADS
Improvement Project to complete the WWI
and WWII data.
The Pilot Project which
began in March 1990, included three key
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processing tool.
Reviewing
the
three
original
alternatives from the vantage point of
time, seems to justify the following
conclusions:
1)
If the NCDC had chosen to use
the
existing
fixed
format
marine
processing system mentioned in section
3.1, more data may have been produced in
an equal operational period.
However,
the lack of a real time key entry quality
control
would have
sacrificed data
quality.
Additionally, the existing
system
would
have
eliminated
the
opportunity
to
key
the
supportive
information from the forms which is not
included in COADS.
The existing system
also would have forced us to use the
mainframe
computer,
in
which
open
resources are already at a minimum.
Therefore even our production level may
not have benefitted.
2)
Developing
a
new
marine
processing system probably would have
produced equal quality.
However the
development effort would have been much
more expensive and time consuming.
3)
In hindsight, adapting CLICOM
was still the most logical, efficient and
highest quality producing resource. Only
a few months of software development and
testing produced a high volume data
management processing system that met all
the requirements of this project.
The
key entry rates seem low only because the
quality of the forms is so poor and all
the supportive data on the forms are
being keyed. Once again the flexibility
of CLICOM allows the project manager to
choose to increase the data output by
changing the key entry records (which
only takes minutes) to include only the
COADS critical data.
8.
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6.17

ADVANCES IN QUALITY CONTROL TECHNOLOGY AT THE NATIONAL CLIMATIC DATA CENTER
Thomas Reek and Michael Crowe
National Atmospheric and Oceanic Administration
National Climatic Data Center, Asheville, N.C.

1.

INTRODUCTION

maximum, minimum and observing time temperature,
rainfall (water equivalent), snowfall, snow depth
and in some cases soil temperatures, evaporation
and wind measurements. A detailed description of
the Cooperative Data Network has been given by
the National Weather Service (1987).
For
purposes of this discussion it is important to
note that the observing stations are divided into
three (3) distinct and often dissimilar "reader
groups".

The National Climatic Data Center is
mandated by the National Oceanic and Atmospheric
Administration to perform data management
functions of acquisition, archiving, eva 1uat ion
and quality assessment for the nations
meteorological/climatological data.
The data
that are archived at the NCDC have nationally and
internationally enduring value and are vital
ingredients in describing and monitoring the
The·
climate and gl oba 1 climate change.
responsibility to manage a large scale
climatological data program includes a commitment
to archive and disseminate information of the
highest quality.

One group records it's 24 hour maximum and 24
hour minimum temperature in the morning,
typically around 8 a.m. These are known as A.M.
readers.
Another group records in the late
afternoon, presumably after the daily maximum has
·been reached, typically at 4 p.m. This is the
P. M. reader group.
The third group reads at
midnight and are the midnight (MID) readers.
Still another much smaller group reads at varying
These
times, usually at sunrise or sunset.
stations are grouped with the A.M. and P.M .
·groups accordingly. Karl et. al. (1985) describes
in great detail the significance of these
differing reader groups and their effect on
climate assessment. He offers a computer model
to estimate the "Time of Observation Bias
Associated with Monthly Means" for the A.M. and
P.M. reader groups. It is imperative that this
and other models are afforded input of the
highest quality.
Verification of correct
observation practices is an essential ingredient
to this end.
This system is the baseline
climatological network within the United St.afes.
The data for each station are digitized at NCDC
from manuscripts submitted at the end of each
month by vo 1unteer observers. A doub 1e keying
(key verification) process virtually eliminates
data entry errors. Each month these digitized
data are run through a processing system wh i eh
performs collation, analysis, quality control,
updating, publication and archiving functions.
Each month a "Cooperative Data" pub 1i cation is
produced for each state/region giving a detailed
account of the past weather. Microfilm versions
of each publication are produced and archived.
The data are also preserved digitally on magnetic
tape.

Data validation is an important step towards
fulfillment of this commitment. The validation
of data collected by the National Weather
Service's Cooperative Observer Network is a
significant part of NCDC's operation. Processing
. and validation of data have undergone many
.changes during the last four decades. Advances
in computer hardware and software technologies
have led to increased reliance on automated
quality control procedures.
However, manual
review of some data is still performed in order
to provide the highest quality archived data.
This man/machine interaction has been greatly
aided by the employment of two distinct but
convergent technologies; Expert Systems and
:Geographical Information Systems (GIS).
NCDC has recently developed such an interactive,
hybrid system as the primary tool in the quality
control of data from the National Weather
Service's Cooperative Observer Network.
This
system, known as the Geographic Edit and Analysis
(GEA) employs an expert systems rule ba~e in _ttig
data error detection and correction process. GEA
also consists of a GIS editing capability which
allows
human
interaction
with
networked
workstations and a variety of graphics (data
visualization) applications.
The GEA system and the benefits realized in terms
of data quality and quality control efficiency
after a full year of operations at the National
Climatic Data Center will be described.
2.

DATA PROCESSING OVERVIEW

The quality control processing subsystem includes
an automated screening process that isolates
likely instrument or human observation errors.
The quality control software known as the Areal
Edit (AE) also checks for internal consistency
among the daily maximum, minimum and observing
time temperatures for continuous time periods.
For example, current maximum temperature must be
at least as high as yesterdays (and todays) time
of observation temperature and also higher than

NCDC
receives,
digitizes,
quality
controls, disseminates and archives Summary of
the Day (SOD) data for approximately 8300
Cooperative observer network stations of the
National Weather Service.
These stations,
located throughout the contiguous U.S., Alaska,
Hawaii, Pacific Islands, Puerto Rico and the
Virgin Islands record daily measurements of
397

automated change is made.
Depending on the
outcome of the specific rules that have been
applied, a validator may or may not be required
to verify the datum .

the minimum temperature for the same period.
Suspicious data are also uncovered by outlier
identification by a statistical estimation
algorithm using non-suspect neighboring station
data.
Local temperature variations caused by
such affects as topography are minimized by
normalization using departures from the monthly
means for each stations daily data, rather than
direct use of absolute temperature measurements.

A ~AYBE flag indicates uncertainty as defined by
the rules base and marks the datum for human
review using an
interactive Geographical
Information System known as Geographical .Edit and
Analysis {GEA).
Emphasis is placed toward
preservation of the suspect anomaly by strongly
encouraging the human validator {data verifier)
to check for any supporting evidence such as snow
cover, wind, previous history of recurring known
anomalies and synoptic patterns, and particularly
non-digitized observer entries on the original
manuscript.

Mignogna et. al. {1982) describe this method in
great detail.
The AE will , in most cases,
generate a suggested replacement value based upon
nei ghbori ng station's data.
An Expert System
{rules based) module introduced in September 1989
identifies those editing scenarios which contain
rather straight forward anomaly signatures.
These "anomalies" are usually caused by true,
naturally occurring situations, such as mountain
top inversions and are segregated from those with
a more complex or unknown signature. Those data
signatures deemed to be suspect and of a complex
nature are marked for human validator review
utilizing an interactive rules based Geographical
Information System {GIS).
3.

4.

GEOGRAPHICAL EDIT AND ANALYSIS (GEA)

GEA is an interactive, workstation- based
GIS which provides for the interactive display,
edit and analysis of spatially referenced
temperature and preci pit at ion data.
Temporal
displays (time series plots) are also provided.
The spat i al data displays, known as DVD's for
Data Visualization Displays, consist of a map
background i ncluding topographical information
upon which temperature and/or precipitation data
are plotted. The system is mouse-menu driven and
allows the validator to view such DVD's as:

THE EXPERT SYSTEMS ASPECT

Expert or Knowledge Based Systems {KBS)
have been deve l aped in recent years by di verse
groups within our society to give advice for
diagnostic, analytical, planning and decision
purposes.
The
scientific/meteorological
community has not been an exception. Camp be 11
and 01 son ( 1987) describe an expert system for
automated recognition of wind shear hazards.
Waldrop (1987) emphasizes the importance of
program style in expert systems development.
Elio De Haan and Strong (1987) have developed a
KBS to aid in convective storm forecasting. Dyer
(1989) demonstrated the use of and evaluation of
an expert system as an aid in visibility
forecasts. Warner and Phillips {1989) describe
an expert system containing some 5000 rules that
functions as a forecast consultant.
In these
cases the expert systems cope with uncertain
circumstances using knowledge gleaned from human
experts; that kn owl edge having been deve l aped
into a set of rules. The rules are applied based
on the particular state/aspects of the data. The
process by which the human knowledge is extracted
and encoded into the rules base is known as
"knowledge engineering." The rules base itself
is engineered into a software structure referred
This rules base may be
to as a "shell."
conceptually envisioned as a well organized
series of "IF THEN . . . ELSE . . .
program
structures. Crowe and Reek (1988) describe the
application of such an encoded rules base as a
means of replicating or emulating the human
decision making process by the use of a computer
program known as an "inference engine.
In the
matter of SOD data validation, an inference
engine is used to decide if anomalous data
represent true anomalies or are the result of
errant observational practices. The inference
engine assigns (as defined by the rules base) a
flag to each suspect anomaly indicating YES, NO
or MAYBE. The YES flagged data are automatically
changed {the original observer entered value is
also preserved) and no human review is required.
A NO flag indicates the presence of supporting
anomalous data and indicates sufficient reason
for believing the anomaly.
In this case no

a)
b)
c)
d)
e)
f)

g)
h)
i)
j)

Daily temperature
Daily temperature departures from the
monthly mean
Elevation
Observation times
Station identifiers
Day -to-day temperature changes
Neighboring
station
correlation
information
Monthly means
Daily precipitation amounts
Time
series
of
temperature
and
precipitation data

The GIS aspect provides for geographical overlays
of geopolitical boundaries (states, counties),
climate division boundaries, major lakes, rivers,
and streams and a special topographical overlay

11

11

Figure 1. Time series of daily maximum
temperatures for Asheville, North Carolina
and three climatological neighbors for
July, 1990.
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Figure 2. DVD of daily maximum temperatures for Asheville, North
Carolina on July 25, 1990. The temperature data is contoured.

Figure 3. DVD of elevations for Lakeport, New Hamshire on . July 18, 1990.
The elevation field is contoured and five windows of 30 second topography
are displayed . Notice tight contouring around Mt . Washington at the top.
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Figure 4. DVD of daily minimum temperatures tor Laruei Mountain, Oregon
on July 17, 1990. Full screen 30 second topography is in the background.

that depicts elevation to a resolution of 30
seconds of latitude-longitude.
Topography
overlays are rasterized, color-coded, full or
partial screen windows that provide the human
.validator with a detailed image of the terrain at
and around the suspect anomalous value.
The
topography data were obtained from the National
Geophysical Data Center (NGOC) of NOAA/NESDIS.
Detailed data information are available with the
Geophysfes--of ·the. World CD-ROM product produced
by ·NGOC. Analysis tools, in addition to those
listed above, consist of the dynamic generation
of estimated temperatures, interactive contour
analyses, interactive time series analyses and
manipulation, interactive quality control of
validator updates,
and pertinent station
information. Associated text messages generated
by the application of the rules base are also
available. In this way, the data validator is
able to determfoe the precise reason(s) for the
questionable status of the datum. Interactive
rules-based advice is given (as to potential
disposition scenarios and in the decision making
process). Figures 1-6 show typical GIS DVD's.
An observation site history of previously
recognized recurring anomalies is also available.

replacement is retained as well. Some common
observer errors are of a clerical nature, i.e.,
entering the data incorrectly ~- ~he manuscript.
These errors often result in an outlier vaTue
that is unsupported by the synoptic pattern
produced via neighboring station analysis. This
type of error, although often automatically
corrected by the expert system, can be brought to
the attention of a human validator by the expert
system rules base and then reconciled by · a
combination of manuscript and geographical
display scrutinization.
Several documented and
common practices are recognized by the expert
·system rules base by a pat tern or data error
signature that is unique to the practice. One
example of a systematic observing error involves
A.M. (morning) readers who enter the temperature
on the calendar day for which the value actually
occurred rather than on the day of instrument
reading. Although this seems most logical, it is
contrary to the current "rules of observation" as
defined by the National Weather Service (NWS
1983). Such systematic errors should be
eliminated or reduced in the future by a feedback
loop through NWS management to the observer(s).
This feedback is another important aspect that is
being addressed by the NCDC system. These types.
of errors are often handled, that is edited
values are produced, by the expert system with
little or no human interaction.
Systematic
errors that defy known observer error patterns

1

5.

ERROR CORRECTION

The archived database consists of the
original (as observed) data and in some cases an
"edited" or replacement value . The reason for
400

Figure 5. DVD of
with fulr screen 30 second
topography. United States Geological Survey data for rivers are also
provided for the western North Carolina, northeast Georgia and northwest
South

Car;o~l~i~n~a~."'lllllllllll!!..i::!::l'Zmlllll..~~~:lllll..ll~~~

Figure 6. DVD of daily maximum temperatures for Asheville, Nor~n
Carolina on July 12, 1990. United States Geological Survey data,
including rivers, lakes and roads are in the background. Tennessee,
Virginia and Kentucky are in normal background mode for contrast.
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based corrections are of course subject to an
iterative quality control process and marked for
validator review if less than 100% assurance is
.attained.

and show discontinuity with long term climate
behavior are flagged as possible instrument
errors and are investigated using the full
interactive GEA capability as described. These
errors are further addressed via notification to ·
NWS program management. Fig. 7 illustrates the
GEA system.

Another signature marks the observers who deviate
from their designated observation time.
This
signature is similar to the "shifter." but is
differentiated by the failure of the time
adjusted data to pass successfully through the
iterative quality control process. Once again
historical performance is used to promote a rules
based governed software correction by the
software.

Geographical Edit and Analysis
Temperature Validation

7.

*

The Geographical Edit and Analysis system
is a hybrid of GIS and Expert System
technologies. Its specific function is to assist
in the quality control of data from the U.S.
baseline climatological data reporting network.
These daily resolution data are an important
ingredient to the description of the climate and
in the detection and monitoring of global climate
change.
The vo 1unteer observers in the 8300
station network, the preponderance of whom do an
excellent job, do, however, introduce many errors
into the data stream. The GEA system is a state
of the art method for ana lyzi ng and correcting
these errors and combined with the key entry
verification of the data produces a very high
quality archive and publication product.

2ND PASS QC
AUTOMATED
RECONCILIATION

*

Yers

HIGH CONFIDENCE DUE TO
ELIMINATION OF
DATA ENTRY ERROR

_,,_
..

INTERACTIVE
GIS

1--------'

/71i\~

*NEW
IMPROVEMENTS

Future GEA upgrades will allow the integration of
raster based ancillary data such as satellite
imagery as a major component of precipitation
anomaly verification/validation.

GIS INFORMATION

MAP DATA• TERRAIN• ANCILLARY DATA• RADAR· SATELLITE

Figure 7.

6.

SUMMARY

Flowchart of the GEA system . .

The GEA rules base and associated corrections by
the software have resulted in a 70% reduction in
va 1i dator actions.
Of equal import GEA has
introduced a high level standardized data quality
control mechanism.

RECENT ADVANCEMENTS

The GEA system has been in operational
use for one year. During this year much has been
learned about individual station behavior; both
in the realms of errant observation practices and
naturally occurring anomalous scenarios. Audit
trails have been constructed in order to track
and recognize edit patterns. One such trail has
resulted in the permanent identification of
stations who follow the seemingly logical
practice of trying to adjust their readings to
the ea 1endar day rather than record on the 24
hour period defined by their prescribed reading
time. The most common member of this group is
the morning reader who enters the maximum
temperature reading on the calendar day preceding
the reading (this is most likely when the errant
occurred, but is contrary to the NWS rules of
observation).
This practice results in a
statistically recognizable data signature known
as the "shifter".
When this signature is
detected for known shifters (from an audit
generated list) the software is able to adjust
the data (shift each value one day forward) with
a high degree of confidence. The rules base,
therefore, recognizes past performance as a
control criteria and does what a human validator
may forget or not have time to do. A11 rules
402
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1.0

INTRODUCTION
to aid in the detection and analysis of numerous
atmospheric features and characteristics (e.g.
jet streams, fronts and troughs, air masses,
vertical motions, and severe storm structures).

This document gives an overview of the data
management activities taking place between the
Forecast Systems Laboratory (FSL) and the
National Climatic Data Center (NCDC) concerning
data from the Wind Profiler Demonstration Network
(WPDN). FSL entered agreements with NCDC to
assure a secure archive of research quality wind
profiler data. Recognizing an opportunity for
developing advanced systems, FSL endeavors,
beginning with this dataset, to build an advanced
data management system prototype that will be
operated by NCDC.

Tremendous interest in the scientific community
concerning assessment of these data in a
retrospective sense makes the business of
building a management system for these data an
exciting challenge.
3.0

Specifically geared to researchers, the system
will demonstrate an effective capability in what
we call the Management of Atmospheric Data for
Evaluation and Research (MADER). Taking
advantage of related work already under way, FSL
secured the cooperation of the STORM project
office. While FSL takes a leading role in
systems development, the three groups, FSL, NCDC,
and STORM, are working together to develop and
demonstrate an efficient, integrated, automated
system for handling data and information that is
responsive and accessible to the research user
community.

Figure 2 shows the primary output paths of
profiler data from FSL central profiler facility
called the HUB. The HUB sends sixty minute
(60_min) resolution data to several facilities,
none of which receives identical data streams:
different elements and atmospheric levels of data
are sent to each. These facilities include the
National Weather Service (NllS), UNIDATA 1 for
dispersal via the ZEPHYR network, FSL for local
researcher use, and NCDC. The HUB also sen4s six
minute (6_min) resolution data to FSL and NCDC.
The data stream going to NWS is encoded in BUFR.
These data then arrive at NCDC via the
AFOS/Service Records Retention System (SRRS) data
stream from the Systems Monitoring and Control
Center of NWS. Since 1984 the NCDC has been
receiving AFOS-transmitted data and retaining
them for five years. NCDC obtained product
generation software from the NWS that operates on
profiler data received via AFOS/SRRS. As part of
the software package the NWS provided BUFR
decoders which run in the AFOS computer
environment. Furthermore NWS provided NCDC with
other BUFR decoders that run in a mainframe (32bi t) environment, and a decoder which runs in a
PC-DOS environment. Using this data stream, NCDC
can provide researchers with paper copies of
profiler data products, including time verses
height analyses, plan views, and cross-sectional
analyses.

While many data management activities are ongoing between FSL and NCDC, the project name,
MADER 91 encompasses those particular activities
the three groups have joined together to
accomplish in 91. Figure 1 depicts by Venn
diagram the intersection of data management
activities which this paper highlights.
This document describes FSL and NCDC profiler
data management activities and highlights system
functions of project MADER 91.
2.0

DATA DISSEMINATION PATHS

BACKGROUND

A wind profiler, an upward pointing Doppler
radar, can measure turbulence (which is converted
to wind motions) in the atmosphere through the
use of an electromagnetic wave transmitter, a
receiver and sophisticated algorithms (van de
Kamp, 1988). FSL is deploying 30 of these new
observational tools in a configuration
collectively called the Wind Profiler
Demonstration Network (WPDN). The WPDN will
allow forecasters and researchers to see the
structure of the atmosphere in great detail.
These data have great potential and will be used

By distributing data to UNIDATA, FSL makes
profiler data available to nearly 100 research
facilities, mostly universities, across the
United States. PcMcidas and SDM workstations can
receive and display profiler data.
FSL researchers and NCDC receive both sixty and
six minute resolution data. NCDC receives
404

MADER91
Figure 1. MADER 91 encompasses that set of data management
activities in common between FSL, NCDC, and STORM.

PROFILER DATA OUTPUT PATHS
WFOs
60_MIN.

NWS
GATEWAY

60 MIN. DATA
6-MIN. DATA

NCDC

--1 RESEARCH

I

UNIDATA
60_MIN. DATA

I FSL I
60 MIN. DATA
6=MIN. DATA

Figure 2. · The HUB sends sixty minute resolution data to NWS, UNIDATA, FSL,
and NCDC. The HUB sends six minute resolution data to FSL and NCDC.
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the most detailed data available. The data
stream to FSL is only subset of the entire six
and sixty minute resolution data, but it can be
utilized in real time by FSL researchers along
with other real time meteorological data. FSL in
turn distributes data to other researchers in the
Environmental Research Laboratories (ERL) •
4.0

will receive data sent to it from the HUB in near
real time, it will include an uninterruptible
power supply to maximize data receipt. The
Ingest machine will monitor receipt of data
files, let the HUB know which files are missing,
and inform the Access/Server that data have been
received.
The Access/Server combines the functions of a
user-access machine and a file server. Flat
files of profiler data will reside on the
Access/Sever. All user interaction software,
specifically EMPRESS DBMS software, will reside
there as well. Future architectures will require
a separation of access and server functions but
one machine will suffice, in the short term, for
both these duties.

MADER 91 OBJECTIVES

The MADER 91 project provides the direct feed of
both sixty minute and six minute resolution
profiler data to NCDC. By doing so, MADER 91
will allow NCDC to acquire, process, and provide
data access to advanced observing platforms in
near-real-time. Whil~ NCDC maintains the largest
atmospheric archive in the world, acquiring an
archive in near-real-time will allow NCDC to
serve better the research community. The goal
then of MADER 91 is to serve the research
community by providing access to a research
quality data archive.

The STORM catalog machine resides in Boulder. It
contains information at the dataset level. For
profiler data, for example, the catalog will
describe sixty and six minute resolution
datasets, directing the researcher to the NCDC
for more information. Through the catalog, STORM
users will have dial in access to the
Access/server. Once they inquire about profiler
data, they will be directly linked to the
Access/Server.

The objectives of the MADER 91 project are to
establish a near-real-time archive of profiler
data; provide on-line user access to profiler
data, catalog, and inventory information; deliver
profiler data from NCDC to users on-line and offline; and to test the concept of an event
directory. Means to reach these objectives
define the principal functions of the MADER 91
project.
5.0

NCDC's UNISYS 2200/400, at Asheville, provides
long term storage of archive data. Library and
backup media of profiler data will be created,
thus securing the data permanently within an
archive structure that meets the standards of the
National Archives and Records Administration.

MADER 91 SYSTEM FUNCTIONS
MADER 91 system functions can be grouped into
four areas; Inventory, Data, Event, and Archive
(IDEA). The STORM project office is responsible
for Inventory, FSL responsible for Data and
Event, and NCDC responsible for Archive.
Processing in these areas inclucing creating,
transmitting, receiving, reformatting, loading
into the DBMS, providing user interaction,
producing products, delivering to users, and
entering into the final archive. We describe
these functional areas more fully below.

To meet the MADER 91 objectives, the system must
perform the following functions:
* create event files
* format data files
* deliver data and other information in near
real time
* populate the inventory subsystem in near real
time
* link event directory to catalog
* provide on-line access to data, catalogs, and
inventories
* archive data
* supply profiler data to users on-line and
off-line

5.1

Inventory

The inventory subsystem includes station history
information (which includes instrument
configuration), data dictionaries, and inventory
details, such as counts of all data elements by
time period and station. Detailed descriptions
of the inventory area exist in the STORM project
office's data management plan (McGuirk, 1990) and
are not repeated here. However, some description
of the inventory subsystem as it applies to
profiler data follows.

Figure 3 depicts the various functions of MADER
91, and the developmental responsibilities for
those functions. It also indicates which machine
will perform those functions. FSL, with its
experience building system prototypes, will
develop processes on the HUB and Ingest machines,
and will display data on the Access/Server.
STORM, bringing DBMS experience into play, will
develop catalogs and lead the development of user
interaction DBMS software on the Access/server.
NCDC brings its expertise in management of largescale, scientific datasets to both activities,
and takes the lead in providing a long term
archive on the UNISYS 2200/400.

The station history includes geographical and
observational information on all profiler
stations. Any instrument changes, changes in
parameters the station observes, or station
closures would be noted in the station history.
Station history also indicates which profiler
sites include instrumentation for surface weather
observations. Any change in the power gain is
also tracked in the station history. For
profiler data, the data dictionary defines all
the parameters in the sixty and six minute
resolution datasets, including units, quality

The HUB resides at FSL in Boulder. It ingests
all data from the profilers, quality controls the
data, performs remote maintenance and monitoring
functions, and formats the data for output. The
Ingest machine and the Access/Server will reside
at NCDC in Asheville . Because the Ingest machine
406
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control information, and data codes. The
inventory counts give research information such
as how many sixty minute radial velocities at a
particular level were recorded during a
particular time period.

for the delivery of data from the HUB to the
Ingest machine will be one of the considerations
for future system enhancement.
MADER 91 will provide researchers access to the
data sent to NCDC through paths depicted in
Figure 4. Internet-capable researchers may
access the system directly. The STORM catalog,
which provides information about datasets and
inventory, allows dial-in capability for STORM
users. Others may call the NCDC research user
assistant, who will access the system in their
place. (NCDC in June 1990 formulated a Research
Customer Servicing Group which acts as the focal
point for researcher inquiries.) Small data
volumes can be directly delivered to Internet
capable users. NCDC will service larger volume
requests on removable media.

The STORM project off ice generalized the
Inventory area so that it can contain information
on any conventional or future meteorological
observing platform. As part of the MADER 91
project, however, the STORM project office
included in its design the capability to update
the inventory in real time. Whereas STORM and
NCDC will populat the inventory system in a batch
mode for most datasets of interest to STORM
users, inventory information about the WPDN will
be updated in real time.
5.2

Data
5.3

Event

The six minute profiler high-resolution data
stream includes signal power, radial velocity,
and turbulence information. The sixty minute
data stream includes wind vectors, u,v,w
components, and moments. The HUB derives sixty
minute data from the six minute data using a
technique called consensus averaging. Following
NOAA policy, the WPDN, as a new observing system,
incorporates quality control procedures as close
to the observing site as possible. The quality
control check employs first-guess fields and
checks, and vertical consistency checks using
different portions of the data spectrum. Hourly
profiles that fail the consensus averaging
quality control check are designated as missing
(Brewster, 1989).

One objective of MADER 91 is to test the concept
of an event directory. Our hypothesis is that
researchers want meteorological data by event.
For example, a researcher may want all the
pertinent data associated with the Limon,
Colorado tornado that occurred in the summer of
1990. Traditionally, to retrieve information for
a particular mesoscale event, a researcher had to
know the time and place of the event, or
alternatively search through Monthly Weather
Review or Storm Data publications to isolate the
information of interest. An event directory
simplifies data searches. Because the concept is
new, we will define event directory by describing
how it is used in a very simple case.

An important decision regards the formats in
which the data will be transferred from the HUB,
stored at the NCDC and provided to users. An
evaluation of these different formats was
performed by the STORM project office with input
from NCDC and FSL (Brazil, 1990). Three formats
under consideration include ASCII, Network Common
Data Format (netCDF), and BUFR. While a decision
upon a mutually agreement format is still
pending, netCDF remains a top contender. NetCDF
is currently being used by UNIDATA. The format
underlying the netCDF, originally devised by
NASA, employs an open standard known as XDR (for
external Data Representation) that renders netCDF
files machine independent (Rew, 1990). The
software runs in a VAX/VMS or UNIX environment.
UNIDATA supplies netCDF software free of charge
to member institutions. The netCDF format is
self-describing and the suite of software
subroutines can be invoked from either C or
FORTRAN programs.

Basically, an event directory allows a researcher
to locate data of interest by requesting
information in a category of meteorological
phenomena. An event directory contains
information on the type of event, the physical
location of the event, and when the event
occurred. Our researcher, accessing the event
directory, would indicate interest in the
category tornado. Using a database of locations
and times of tornadoes, the researcher could
identify the Limon tornado. The researcher then
inquires what meteorological data are available
for that tornado. Because the event directory is
linked to the inventory subsystem, the event
directory points to datasets pertinent to the
event under study. The researcher would then
know which profiler, rawinsonde, surface,
precipitation, and radar stations recorded data
at the time of the tornado and which parameters
were recorded, what the configurations of the
instruments were, and so forth.

The HUB will transmit data and information via
Internet 1 • Because Internet exists to link
research institutions, it is the appropriate
mechanism to provide researchers with profiler
research data.

FSL will develop a technique that produces event
information and all the information necessary to
link the event to the event's meteorological
data. FSL will create the event file and format
information for the event directory, and STORM
will link the event directory to the inventory
subsystem and the catalog.

The minimum capacity of the link between Boulder
and Asheville is now 9.6 Kbaud, but is being
increased to 56 Kbaud. Accommodating a data
stream which exceeds 25 Mbytes per day may
require a 56 Kbaud capacity for effective
throughput. While running, the system will
gather statistics on communications so that we
can study its adequacy. An upgrade to a Tl line

The functional requirements for the event file
include that it be generated automatically from
products available on the AFOS system. Given the
future utility of a MADER system, products chosen
for the input must be ones that are likely to
exist in the AWIPS era. No manual interference
408

User Access Paths

NOAA/NASA
Master Directory

STORM Catalog

NCDC
Access Machine

Figure 4. Researchers may access MADER 91 via the STORM catalog, via the
NCDC researcher assistant or dial directly through Internet.

Phase Activities

Figure 5. The main project areas (IDEA) will each pass through development
phases from Definition through Evaluation.
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is allowed. Software will read the AFQS products
and derive a location, time, and category.
Locations can be points, areas, or zones. Times
can be discrete or ranges. FSL will tackle the
problem of identifying which events, places, and
times to pull from AFOS products, and of reducing
the information for entry into an event
directory. Within a DBMS structure, the event
directory will be linked to the inventory
subsystem.

8.0
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It is important to realize that an event
directory acts as a pointer to data. No
meteorological data are stored in the directory
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data. The concept of an event directory has been
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With the advent of near-real-time data delivery,
NCDC is rethinking its definition of data secure
and data archive. In its current operations,
NCDC daily secures files written to or modified
on NCDC's mainframe. Data are not officially
entered into an archive tape library until they
have been received and processed through quality
control and publication procedures, usually on a
cycle of one month. With MADER 91 NCDC will
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200/400 archives the profiler data on a daily
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2. Internet, a large communication network,
connects major research organizations including
the National Science Foundation, the Department
of Energy, the National Aeronautics and Space
Administration, and the Def ense Advanced Projects
Research Agency.

PROJECT ACTIVITIES

MADER 91 has just passed its first quarterly
review. The entire system is not yet
operational. As in many system development
projects, MADER 91 will pass through six phases,
definition and analysis, design, programming,
integration and test, system integration and
operation, and finally operation and evaluation.
These phases have a great deal of overlap; not
one phase being entirely completed before the
next phase begins.
Each of the four main areas of MADER 91, IDEA,
will step through the developmental phases as
illustrated in figure 5. Note for example that
the Inventory area was in programming phase at
the same time that the Event area was still in
definition and analysis. Ve anticipate that
demonstration and evaluation will take place in
September 1991.
7.0

END NOTES

1. UNIDATA is a program of the University
Corporation for Atmospheric Research (UCAR),
sponsored by the National Science Foundation
(NSF).

NCDC will provide off-line access to profiler
data from their UNISYS in the form of removable
media such as magnetic tape.
6.0
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The task ahead of us is to complete the
development of MADER 91, an overall operational
system that will reliably get wind profiler data
to NCDC, process these data of differing
resolutions, produce wind profiler data products,
and interface with customers in the research
community who will be expecting to get the data
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7.1

THE ROLE OF THE NATIONAL TRANSITION DATABASE
IN THE
MODERNIZATION AND ASSOCIATED RESTRUCTURING
OF THE
NATIONAL WEATHER SERVICE

Phyllis

c.

Lewis

TRW systems Integration Group
Fairfax, Virginia
specific station·.
For example, if a
user wanted to know how many AWIPS
systems are planned for installation
in the Southern Region and where they
will be, the data is there. Or, if a
user wanted to know if Goodland,
Kansas is getting a NEXRAD system, the
information is there.

The Modernization and
Associated Restructuring (MAR) of the
National Weather Service (NWS) will
usher in a new era for severe weather
and flood warning and forecast
services in the United States.
Important advances in the science of
meteorology, coupled with major new
technological capabilities for
observing and analyzing the
atmosphere, will provide unprecedented
weather service improvements in the
next decade.
The NWS of the mid-1990s
will operate one of the most advanced
hydrometeorological warning and
forecast systems in the world.

The concept behind the NTD is
one of taking advantage of work that
has already been done, keeping the
database simple, and pulling together
subsets of data that already exist.
The database "owners" are the
respective organizations which have
responsibility for the effort and
already maintain day-to-day
programmatic data.
For example, the
Joint Systems Program Off ice (JSPO) is
the database "owner" of the NEXRAD
data that goes into the Technology
Schedules module. They periodically
provide updates for inclusion in the
NTD. This information has been
through their internal approval and
configuration management processes and
is approved "official" data.
Eleven
NTD "modules" are depicted here as
main menu choices.

This paper describes the role
of the National Transition Database
(NTD) in the Modernization and
Associated Restructuring of the
National Weather Service. It is
intended to promote an understanding
of how the NTD can help Weather
Service managers organize for change.
The data contained in the NTD can be
useful to these managers in making the
modernization happen in a timely and
effective manner.
The NTD is the one, centrally
located, place where all managers can
get accurate, official, up-to-date
modernization-related information.
Some examples of the data it contains
are: equipment delivery schedules,
training schedules, staffing profiles,
and facilities preparation data.
It
is easy to use; the entire system is
menu driven, so there is no need for
users to understand sophisticated
database software in order to use the
system.

MAIN MENU
1

2
3
4

5
6
7
8
9

The NTD may be accessed by
dialing into the system using a PC,
modem and telephone line. The data
may be viewed selectively.
Information can be retrieved for a
particular NWS Region or class of
stations within a Region, or even a

10
11

WBS Schedules
Technology Schedules
staffing
Facilities Preparation
Implementation & Phaseover
Training & Professional Dev.
Operations & services
Ext/Int Communications
Risk Reduction
Station Directory/Profile
Implementation Tracking
ENTER SELECTION:
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The first ten modules are
classified as "planning" modules.
They contain planning dates for use by
Area Managers in the Regions to
prepare their Site Implementation
Plans (SIPs) and by Regional Directors
to prepare the Regional Transition
Plans (RTPs). The source of the data
for each of these modules is the
responsible national headquarters
organization. For example, Technology
Schedules data comes from the ASOS,
NEXRAD and AWIPS program off ices;
Implementation and Phaseover data
comes from the Off ice of Systems
Operations (OSO); and, Risk Reduction
data comes from the Off ice of Systems
Development (OSD).

The staff inq module contains
staffing profile information. There
are three numbers for each of the
general categories of employees (e.g.
Meteorologists or Hydrologists) for
each station: 1) a baseline number
which tells how many of that category
were at that station at the beginning
of the modernization effort; 2) a
current number which is how many there
are at the time of the inquiry; and 3)
an end target number of approved
positions for that category for that
station. The baseline and current
data is provided by Management and
Budget (MB) and the end target or
approved staffing levels are provided
by TPO.

The eleventh module,
Implementation Tracking, is used to
track the progress of the
modernization and restructuring. The
dates in this module reflect the dates
the events actually occurred. This
data comes from those who are
responsible for the work that is being
performed as the modernization
progresses.

module
dates,
office
TPO is
data.

The Facilities Preparation
contains information, mostly
regarding land acquisition,
construction and occupancy.
responsible for providing this

Implementation and Phaseover
data applies to systems which are
being phased out or moved during the
modernization. For example, the date
that responsibility for an Upper Air
system is moving from one station to
another or the date an existing radar
is being decommissioned would be here.
These dates are the planned dates for
the phaseover activity. The data is
provided by oso.

The data in the NTD is
relatively high level since it is not
intended to be a day-to-day operations
kind of system. The staffing data,
for example, does not include any
employee names or grade levels. It is
simply a count of employees by major
category, such as "meteorologists",
for each station. Throughout the
system, selected data can be
downloaded to a PC and reports can be
printed at the local level. The
following paragraphs will describe the
content and source of data for each of
the modules.

The Traininq and Professional
Development module contains schedule
data for ASOS, AWIPS and NEXRAD
'
training and scientific education.
It
includes schedules for operator
training, maintenance training and
management training.
COMET
(Cooperative Program for Operational
Meteorology Education and Training)
courses are also here. Courses may be
taught at the NWS Training Center, at
the Norman facility in Oklahoma or onstation.

The WBS Schedules module is
simply a copy of the master schedule
for the modernization effort. It is
there for the convenience of Weather
Service managers as they use the
system.
If they need to refer to it,
it's available for them online. This
data is maintained by the Transition
Program Office (TPO).

Operations and Services data
primarily consists of changes in
operations and services resulting from
the modernization.
For example,
counties that were previously serviced
by a wso will eventually be
transferred to a WFO as a result of
the modernization. The dates of the
transfer and the reason for the
transfer (e.g. NEXRAD commissioning)
are in this module.

The module called Technoloqy
Schedules is where the equipment
delivery dates, installation dates and
acceptance dates for ASOS, NEXRAD,
AWIPS, Profiler and the NOAA Weather
Radio (NWR) console replacement
systems are located.
System
commissioning dates are also in this
module. The various program offices
and oso are the data sources. They
periodically send an updated subset of
the information they maintain to the
NTD Administrator. The old data is
then replaced with the new and made
available nationwide in the NTD.

External and Internal
Coordination is a checklist of
activities that must be coordinated
with external users and NWS employees
before an event can occur.
For
example, when a WSO is ready to be
closed, there are certain external
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coordination events that must be
accomplished before the closing can be
effected. A list of those events and
when they should occur is maintained
in this module.

The first ten modules
discussed contain planning
information. The eleventh module,
Implementation Trackinq, is where the
actual event dates are kept. There
are three components or submenu
choices in this module: 1) Significant
Events; 2) Certification Process; and
3) External and Internal Coordination.
These components are described in
further detail below.

Risk Reduction contains
information about the various
headquarters risk reduction programs
such as DAR3E, the Denver AWIPS Risk
Reduction and Requirements Evaluation,
and PROTEUS, the Prototype RFC
Operational Test, Evaluation and User
Simulation. Data includes a
description of the program; the start
and end dates of the program; and a
list of stations involved.

The Siqnif icant Events
component reflects data that the
Weather Service is required to report
to Congress. This is fully documented
in the "National Implementation Plan
for the Modernization and Associated
Restructuring of the National Weather
Service" published in March of 1990.
Such items as office occupancy dates,
NEXRAD commissioning dates and radar
decommissioning dates, staff changes
as a result of adding new
technologies, and so on, are all here.

The Station Directory/Profile
is the last planning module described
because this is the one which brings
all of the planning information
together.
If a manager wants to see
all modernization activities for one
particular station, this is where to
look. Three submenu choices are
provided:

The Certification Process
component reflects data associated
with the certification of services
previously provided by a wso.
Certification is intended to assure
Congress there will be no degradation
of services as a result of closure of

STATION DIRECTORY
1
2
3

Station Profile (Summary)
Station Profile (Detailed)
station Information

a

wso.

The External and Internal
Coordination component contains
information regarding actual external
and internal coordination activities.
Some examples are the date that a
congressional briefing occurred or the
date that a senior NWS official met
with the Governor of a particular
state.

ENTER SELECTION:

The Station Profile (Summary)
selection (#1) displays a summary of
modernization-related activities for a
specific station.
It lists all of the
ASOS, NEXRAD and AWIPS equipment that
is scheduled to be installed at that
station. The display shows the
current and planned staffing levels;
the changes in operations and
services; and the occupancy date if
facilities changes are being made.

In summary, the NTD is the
National Weather Service's official
source of modernization-related
information. It contains a wide
variety of helpful information and is
easily accessible. It is expected
continue to be ~ most useful tool
during the entire modernization
program.

The Station Profile (Detailed)
selection (#2) displays a detail
screen for each of the applicable
modules one screen at a time. For
example, if a user chose "Detailed"
for Melbourne, Florida, a Facilities
Preparation detail screen, a
Technologies Schedules detail screen,
and so on, would be shown.
The Station Information
selection (#3) simply gives the basic
information about a station. It
displays the station name and ID, the
current and future station types and
the station's address, airport
affiliation and congressional
district.
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1. INTRODUCTION

tion will be used to map the functional design into a detailed
design for implementation.

The Department of Energy (DOE) has initiated a major
atmospheric research effort to reduce the uncertainties found in
general circulation and other models due to the effects of
clouds and radiation. The Atmospheric Radiation Measurement Program (ARM) is described in detail in the ARM
Program Plan (DOE 1990) and summarized by Patrinos, et al.
(1990). The objective of the ARM Program is to provide an
experimental testbed for the study of important atmospheric
effects, particularly cloud and radiative processes, and testing
parameterizations of the processes for use in atmospheric
models. This experimental testbed, known as the Clouds and
Radiation Testbed (CART), will include a complex data system, the CART Data Environment (CDE). The major functions
of the CDE will be to

•
•
•
•

The first section of this paper presents background information on CART. Next the process for the functional design of
the system is described, the functional requirements summarized, and the conceptual architecture of the CDE is presented.
Finally, the status of the CDE design activities is summarized,
and major technical challenges are discussed.
2.

OVERVIEW OF THE CLOUDS AND RADIATION
TES TB ED

CART will be the major operational element of the ARM
Program. CART will consist of four to six permanent base
sites chosen based on their climatological significance and
ability to support systematic exploration of the performance of
cloud parameterization and cloud formation models under a
wide range of significant conditions. Figure 1 shows an artist's
conception of an ARM site. Each site has three major components: a central facility, a three-dimensional mapping network,
and an extended observing network.

acquire measurements from instruments and
external data sources
perform quality assessments of the data streams
create data streams of known quality to be used as
model input and compared to model output
execute the models and capture their predictions
make data streams associated with model tests
available to ARM investigators in near real-time.

Two classes of instrumentation will be located in the
central facility: those for measuring the radiation field directly
and those intended to characterize the local radiative circumstances, such as surface and cloud properties. A portion of the
CART Data Environment (CDE) known as the site data system
also will be located at the central facility.

The CDE will also be expected to capture ancillary
information ("meta-data") associated with the data streams,
provide data management facilities for design of ARM experiments (i.e., tests of a given parameterization's predictive
ability), and provide for archival data storage.

The three-dimensional mapping network will be made up
of auxiliary instrumentation stations within a 20-km radius of
the central facility. Instrumentation in these stations will be
designed to measure the three-dimensional structure of the
atmosphere near the central facility and will use fundamental
profiling equipment, as well as basic radiometric and meteorological equipment. Data from this instrumentation will be used
to reconstruct the cloud geometry surrounding the central facility.

A formal top-down process is being used to create the
functional design of the CART Data Environment. A key
component of this process is the use of facilitated design
sessions with representative CDE users. This process is structured to maintain a clean separation of functionality and implementation. This separation is important in designing a
flexible, extensible, and robust system.

The extended observing network surrounds the mapping
network and the central facility. Sixteen to twenty-five extended
observing stations will be distributed within the approximately
200 x 200 km area of the extended site. This area encompasses a region of the order of magnitude expected for General

In parallel with the functional design activities, we are
conducting technology assessments by developing prototype
solutions to specific functional problems and learning from the
experience of other research programs. This technical informa-
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Fig. I. The ARM instrumentation configuration. An ARM site will have three components as described in the text. The central
facility, for which representative equipment is shown, will be supported by a system for mapping the three-dimensional distribution of
meteorological data. In addition, 16 to 25 sets of instrumentation will provide critical data for understanding how to generalize the
results to the 200 x 200 km GCM grid size.

The data system at each site will collect and process the
measurement data streams generated by the various instrumentation packages described above. The data system must produce data streams of known quality that can be used to test the
hypothesis that a given parameterization or model is accurate
in its predictions. The testing of such hypotheses is the definition of an experiment within the context of the ARM Program.

Circulation Model (GCM) grid cells in the near future. The
instrumentation at these stations will be designed to collect
basic radiometric and meteorological data. This data will
support the development and study of methods used to generalize detailed atmospheric models for use in GCMs and related
models through the process of parameterization.
In addition to the instrumentation at permanent ARM
sites, ARM will maintain a mobile version of the basic instrumentation found at the central facility along with additional
instrumentation for use in directed campaign studies. Aircraft
and satellite observations will also be used in ARM.

The data systems at the ARM sites will be linked with
each other and with a central data archive. The remainder of
this paper addresses the determination of the functional requirements for the CDE focusing on the first ARM site and the
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Data Environment. This methodology has three major components: the use of trained facilitators to work with the design
team to identify requirements, a generic system architecture,
and a systematic process for identifying requirements using the
generic architecture. The remainder of this section describes
these components in more detail, particularly the process for
identifying the requirements using the generic architecture.

data archive. The intention is to stagger implementation of the
sites. The design of the CDE will evolve in time as lessons are
learned in implementing the site data systems.
3. SUMMARY OF THE FUNCTIONAL DESIGN
ACTIVITIES
The functional design of the CART Data System is driven
by the functional requirements of the ARM investigators and
the other components of CART: Sites, Models, and Instruments. As shown in Figure 2, the requirements for these
components are derived from the experimental activities that
will be carried out at the CART sites. The data system requirements are purposely shown at the end of the chain of requirements. The data system is intended to be an enabling element
that is responsive to the scientific activities of the ARM Program.

The WISDM® methodology is based on the definition of
a system by the users of the system and those responsible for
the objects towards which the system directs action. Rather
than having a requirements definition and analysis team that
conducts interviews with the users and then compiles the
results into a functional requirements definition, the WISDM®
methodology uses facilitated team sessions. The individuals
chosen to participate in the team session represent the various
categories of users of the system or those responsible for
system objects and are empowered to act in their interest. The
team also includes one or more facilitators. The facilitators are
neutral third parties whose task is to extract information from
the team using a combination of brainstorming and analysis.
The facilitators must also understand the general system architecture developed by WISDM® and the agenda for building the
definition of a system using the architecture.

We have chosen a systematic approach to the design and
implementation of the CART Data System. This approach
starts with a thorough definition of required system functionality, translation of functionality into a conceptual or logical
system architecture, mapping of the logical system architecture
into a physical architecture/design, and implementation of the
physical architecture. This process is intended to be iterative
and evolutionary. Earlier steps are revisited as our understanding of the functionality of the system matures and detail is
developed. An up-tq-date description of the functional and
logical definition of the system will be maintained throughout
its life. This will facilitate system modifications and the design
of data systems for CART sites subsequent to the first site.

The general system architecture used by WISDM® is
shown in Figure 3. The architecture is built. around the view
that a system is defined based on its interactions with its external environment. As shown, the external environment consists
of those entities with which the system directly interacts, i.e.,
those entities it supplies output to, receives input from, or both.
Entities that do not directly interact with the system, A and G,
are outside the scope of consideration in defining the functional
behavior required of the system.

A methodology developed by the WISDM Corporation is
being used to complete the functional definition of the CART

The agenda for developing a system design works its way
from the outside in. The first step is to identify those objects
the system is responsible for, i.e., those towards which it
directs some action. For information systems this is often the
set of objects the system will provide vie"ws of to the external
environment.
The second step is to define the external entities with
which the system will interact (8, F, and Hin the figure). This
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Fig. 3. The WISDM® general system architecture. The
system is defined by identifying and analyzing interactions
with its external environment as described in the text.

Fig. 2. Functional requirements for the CART Data Environment are driven by other compnents of the ARM Program.
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begins the definition of the external environment of the system.
It should be noted that a preliminary identification of the
system objects and external entities is required to identify the
individuals that should participate in the design sessions.

produce only one output. Using the external interface model
an internal function is identified for each external output or
internal data item. The process is completed by naming the
internal functions (C, D, and E in Figure 3).

The next step in the process is to describe the external
functions that are being performed by the external entities
when they are interacting with the system. This is then followed by identifying what information (or other form of output) they require to perform those functions.

This gives a complete model of the system. At each step
above the items (i.e., the external entities, external functions,
external inputs and outputs, internal data, and internal functions) are all documented by the team. In addition, general
system requirements and future system requirements are
identified and documented.

Having identified all system outputs the information
required to produce those outputs and its sources must be
determined. This identifies all external inputs and internal
data. For internal data items the ultimate source of the information must also be identified. In other words, all internal data
must be directly or indirectly related to one or more external
inputs.

4. CONCEPTUAL ARCHITECTURE OF THE CDE
The conceptual architecture of the CART Data Environment is illustrated in Figure 4. Shown on the left are the
sources of measurements that can feed into the data system at a
CART site. The primary source of measurements is the CART
instruments located at that site. These may be supplemented
by observations from satellites (such as GOES) or data from
external data sources such as the National Weather Service.
Arrows from the data system to the CART instruments and
other data sources represent the instrument control signals, data
requests or other output required to get data from the external
source .

At this point the complete external interface model of the
system has been defined. Attention now turns to the internal
functions of the system, i.e., the producers of internal data and
external outputs. The internal functions are implied by the
external interface model. One of the rules of modeling for the
WISDM® methodology is that all internal functions can
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Fig. 4. The conceptual architecture of the CART Data Environment. Data moves from left to right in the diagram. Two quality
control steps are used to produce data streams of known quality for use in testing parameterizations or other models. Though testing
of only one model is shown, in actual operation many models will be tested simultaneously. In addition, meta-data is automatically
generated for the data streams.
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Data coming into the site data system is expected to be
either raw instrument signals (L0 data) or data that has been
converted to engineering units and subjected to quality control
relative to the performance of the instrument that produced the
data (L 1 data). Upon entering the site data system, these data
streams will be subjected to a first level of quality control and
when necessary converted to engineering units. This will bring
the L0 data to quality level L 1 and verify the quality of data
already at the L 1 level. The objective with L 1 data is to estimate the uncertainty associated with each data stream at any
point in time.

each site will acquire on the order of 7 Gbytes of data per day
under normal operations. The operational goal is to have the
data processed to the L2 level within 15 minutes of its acquisition. At this point only the conceptual architecture of the
system that will accomplish these goals has been defined. The
next stage of design activities will be to develop a detailed
logical design of the CDE by extending the functional design.
The primary mechanism for doing this will be to describe each
CDE object and its attributes in detail and to define each view
of the objects that is delivered as an external output or used as
internal data.

L 1 data is then subjected to a second level of quality
control. In this step all measurements of a given physical
parameter are considered together, e.g., all measurements from
which temperature can be derived. Two things happen with the
data. First, the uncertainties of the data are compared and a
decision is made about how to produce the best estimate of the
physical parameter. Second, the estimate of the physical
parameter is produced either directly from the engineering
units of a chosen L 1 <;fata stream or indirectly by combining
information in multiple L 1 data streams. The result of this level
of quality assessment is L 2 data.

The CDE will be implemented in an evolutionary manner. The minimally functional system will be identified from
the logical model. This will be mapped to a physical design
and implemented first. Lessons learned in this initial implementation will be used to modify the complete system. Further
implementation will build around the core system incrementally adding capability.
The nature of the system and these operational goals
present several major technical challenges. Three of particular
importance are on-line, real-time data quality control, model
encapsulation, and automatic meta-data generation. These
problems are currently being explored and tested through the
implementation of prototype systems both in the laboratory and
in collaboration with other field measurement programs. We
are also beginning discussion with other atmospheric science
programs. We hope to learn from their mistakes and successes.

The L 2 data streams are then used as inputs to models and
to test the models' predictions (the comparable data). The site
data system will deliver the data streams associated with a
given experiment to the member of the ARM Science Team
conducting the experiment. The data streams delivered include
the input to the model, the model predictions, the comparable
data, and the meta-data for the three data streams.
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5. SUMMARY AND FUTURE PLANS
The CDE will be distributed among the CART sites and
the CART Central Data Archive. The current estimate is that
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IMPROVED FORECASTER PRODUCTIVITY THROUGH THE USE OF
INTERACTIVE TECHNOLOGY
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1.

INTRODUCTION

2.

The steady improvement in worker
productivity
has
been
a
consistent
feature of the industrial revolution.
Technological
advances
have
allowed
workers
to
produce
more
goods
and
services with lower costs.
Advances in
automation technology have resulted in
higher
productivity
in manufacturing
industries, while advances in computer
~echno~ogy
have been instrumental in
improving productivity in the service
industries.
Improved
service
productivity has resulted in enhanced
services from a given staff, as well as
reduced staffing requirements for a given
level of services.

BACKGROUND OF COMPUTER TECHNOLOGY AT
THE NSSFC

When the Severe Local Storms (SELS)
Unit came to Kansas City in 1954, weather
data were communicated by teletype and
hand plotted by charting support staff.
A Communications Unit was established in
1955
to
control
and
monitor
the
teletypewriter circuits and to enter
products generated by the forecast units
into the teletype circuits.
In 1963, an
IBM 1620 computer was obtained to speed
up the plotting of the hourly surface
observations.
The
Electronic
Data
Processing Unit
(EDP)
was formed to
operate and develop the new computer
facility. In 1965, the IBM 1620 computer
was
replaced
with
a
Control
Data
Corporation (CDC) 3100 computer. The CDC
computer had punch card and tape inputs,
and printer outputs.
The computer was
used
for
selecting,
sorting,
and
processing
data
for
severe
storms
forecasting
operations,
the
River
Forecast Center, the Central Logistics
Supply
Center,
the
Central
Region
Headquarters, and the National Severe
Storms Laboratory.
By the mid 1970s,
Keyboard Cathode Ray Tube (KCRT) and
BEEHIVE workstations were installed which
allowed the forecasters to interactively
generate a paper tape of messages which
could be entered onto the teletype
circuits directly without being retyped
by the communications specialists.

The National Weather Service is
embarking on a major restructuring of
field operations.
New technologies for
radar
observations,
surface
weather
observations,
weather
data
communications,
and
interactive
data
display will be installed at Weather
Service field offices during the next ten
years. The locations and staffing levels
of Weather Service field off ices are
being restructured to best take advantage
of
the
new
technologies.
The
restructuring
plans
have
implicit
assumptions as to the level of improved
productivity at the Weather Forecast
Office (WFO) of the future. The National
Severe Storms Forecast Center (NSSFC) in
Kansas City, Missouri has been gradually
implementing
modern
interactive
data
processing and display systems over the
past 15 years.
During this time period,
the productivity of the forecast staff
has improved over 100 percent.
The
improved productivity has resulted in
total
staffing
reductions while the
overall services performed by the NSSFC
have expanded and improved.
The staff
reductions have resulted primarily from
consolidation of programs from other
offices,
and from reductions in the
requirements
for
operational
support
staff.
The service improvements have
been in forecast accuracy, and increased
numbers of forecast and guidance products
provided by the operational forecast
staff.
While the missions and staffing
requirements of the NSSFC differ from the
WFO, the experiences of the NSSFC can
provide some insights into how improved
forecast productivity can be achieved.

In 1970, the first satellite images
were
obtained
from the Applications
Technology Satellite III (ATS III) using
a real time data line and photographic
movie loops.
The advantage of the
animation of the satellite imagery soon
became evident, and the use of real time
satellite data quickly became an integral
part of the severe storms forecasting
operations. In 1972, the Satellite Field
Services Station (SFSS) was established
to
receive,
process
and
interpret
satellite
imagery.
In
1974,
the
Synchronous
Meteorological
Satellite
(SMS)
satellite was
launched,
which
became
the
Geostationary
Operational
Environmental Satellite (GOES) program,
when NOAA assumed responsibility for the
satellite system. Satellite data were
received and sectorized in Washington and
then sent to field off ices via dedicated
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NSSFC which allowed real time reception
of GOES data with direct entry into the
CSIS computer without the delays inherent
in the GOES-TAP distribution system.
CSIS
also
allowed
a
development
environment
which
was
conducive
to
application
development
aimed
specifically at the needs of the NSSFC
operations.
Many application programs
were
developed
to
superimpose
observational and derived data quickly
and easily on satellite and radar data.

1 and
1 ines.
The
sa tel 1 i te
images
weredisplayed on photofacsimile recorders
which produced hard copy images. In 1975,
the Image Analyzer was installed which
allowed electronic animation of satellite
images rather than 16 mm film movie
loops.
The Image Analyzer used a TV
camera and a video disk to create loops
from the hard copy images.
In 1979, the
Electronic Animation System (EAS) was
installed for the animation of satellite
data. The EAS allowed easier production
of animated loops, and allowed television
monitors
to be
placed at all
the
workstations, so the forecasters could
view the satellite imagery in conjunction
with
other
data
while
preparing
forecasts.

In 1982,
the National Aviation
Weather Advisory Unit (NAWAU) was created
at the NSSFC.
This act centralized the
preparation of aviation Area Forecasts,
Airmen's
Meteorological
Information
(AIRMETS),
non-convective
Significant
Meteorological Information (SIGMETS), and
convective SIGMETS (Mathews, 1985). The
NAWAU
used
offline
word
processors
connected
to
the
AOS
computer
for
forecast preparation.
The AOS computer
relayed the forecast products to the FAA
and NWS communications systems. In 1984,
a second AFOS system was installed at the
NSSFC to support the NAWAU functions.
Also in 1984, an upgrade to the AOS
computer was installed. The Data General
S/230
AOS
computer's
workload
had
steadily increased to the point of system
saturation. The S/230 was replaced with
a Data General MV/4000 computer which was
the next generation follow on system to
the S/230 series.
In 1987, the MV/4000
was upgraded to a MV/7800 which doubled
the cpu capability of the system.
A
second MV/7800 computer was added to
provide a separate system for backup,
development activities, and background
processing associated with verification
and research activities.

By
1973
the
CDC
computer was
reaching saturation,
and efforts to
obtain a new computer began.
In 1978
these efforts bore fruit when a Data
General S/230 computer was obtained as
part
of
the
procurement
for
the
Automation
of
Field
Operatipns
and
Services
(AFOS)
program.
The S/230
computer used the Advanced Operating
System (AOS) for multi-tasking programs
as
opposed
to
the
Real-time
Disk
Operating System (ROOS) operating system
in AFOS.
Therefore, the S/230 system
became known at the NSSFC as the "AOS"
computer.
The AOS allowed for CRT
terminals to replace the card and paper
tape readers of the older CDC computer as
a means of data input/output (I/O) . The
AFOS system was also installed in 1978
for test and systems shakedown. The AFOS
had
electronic
workstations
which
displayed graphics and alphanumeric text.
This system effectively replaced the
older teletype and weather facsimile
circuits. AFOS was being used in severe
weather forecasting operations by 1979,
even though there were a significant
number of computer problems.
AFOS
problems were gradually eliminated and
the AFOS was fully operational by 1983.
The NSSFC teletype communication unit was
disbanded in 1985.

By 1988, the personal computer (PC)
was starting to make significant inroads
into the NSSFC operations.
PCs first
were installed in the administrative
sections, but it quickly became evident
that the PC technology could also help
support
forecast
operations
in
conjunction with the other mid sized
computers supporting operations.
PCs
were
installed
at
workstations
for
forecast preparation using word processor
software.
Specialized acronyms and
abbreviations were added to spelling
checkers, as well as graphical displays
of forecast areas of weather hazards.
These capabilities greatly reduced the
text error rate associated with manually
developed products. The PCs also allowed
for offline ingestion and display of
experimental
data
sources.
The
experimental
national
lightning data
network information was displayed in real
time on PCs in the forecast areas.

During
this
same
time
period,
efforts were underway to electronically
obtain satellite and weather data in real
time
using
interactive
computer
technology.
With help and partial
funding from NASA, arrangements were made
with the University of Wisconsin-Madison
Space Science and Engineering Center
(SSEC) to obtain a remote terminal to the
Man-computer
Interactive
Data Access
System (Mc I DAS) .
As part of the VAS
(Visible
Infrared
Spin
Scan
Radiometer(VISSR)
Atmospheric Sounder)
evaluation program, two remote McIDAS
workstations were installed at the NSSFC.
This was followed by a stand alone McIDAS
system in 1982 called the Centralized
Storm Information System (CSIS).
CSIS
was based on a network of four Harris
computers
with
interactive
video
workstations built by SSEC. CSIS had a
GOES satellite antenna on the roof of the

As
the
workload
on
the
CSIS
computers
steadily
increased,
the
software was optimized to allow more
users access to interactive capabilities,
as well as continually enhancing the
functionality of the system. However the
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system had finite resources, and needed
to be replaced with a more capable
system.
During the early 1980s, the
University of Wisconsin-Madison converted
the McIDAS system from the Harris based
computer to an IBM mainframe based
computer system.
The NESDIS sponsored
VAS Data Utilization effort obtained a
new McIDAS system for the World Weather
Building in 1986, and similar systems for
the National
Severe Storms Forecast
Center and the National Hurricane Center
in 1989. The VAS Data Utilization Center
(VDUC) has replaced .many of the functions
previously performed on CSIS, and has
become
the
main
interactive
system
supporting
the
NSSFC
operations
(Browning, 1991).
3.

Automation
of
Field
Operations
and
Services (AFOS) computers was one of the
main goals of the AFOS program which was
successfully
completed.
The
AFOS
computers provided for the transmission
and receipt of data and products without
human intervention.
The other key
computer technology which allowed the
elimination
of
communication
staff
support was the ability by the forecaster
to prepare messages directly on a CRT
type workstation.
At the NSSFC, this
message composition capability evolved
from the original KCRT terminals, through
the Beehive terminals, through the AFOS
terminals, through offline Delta word
processors, to the current PC based word
processors and AOS computer terminals.
The communication staff of five (-5)
individuals was eliminated in 1985.

PRODUCTIVITY IMPROVEMENTS

In the manufacturing sector of the
country's
economy,
productivity
improvements are measured by the increase
in the number and value of goods produced
per unit of staffing.
In the service
economy, productivity improvements are
more difficult to measure,
but are
generally measured with the value of
services per unit of staffing.
The
economic value of services provided by
the
National
Weather
Service
are
especially difficult to measure directly
because the services are funded by tax
dollars rather than through competitive
market place activities.
In this paper,
a direct measure of productivity will not
be used, but rather a relative measure of
the number of services provided per unit
of staffing with some inference on the
quality of services provided per unit of
staffing.

The staff supporting the satellite
program has been reduced by thirteen (13) since 1975.
The original satellite
displays used movie loops based on 16mm
film.
Supporting staff was necessary to
receive and align the satellite images,
and to make photographic loops of the
data.
The
electronic
display
of
satellite images on the Image Analyzer
and the Electronic Animation System (EAS)
eliminated the need for the dark room
support functions, but human intervention
was still needed to align the GOES-TAP
images under the television camera. The
direct ingest of satellite images into
the Centralized Storm Information System
(CSIS) and the automatic alignment of
images in a loop using a mathematical
transformation of image to satellite to
earth coordinates eliminated the need for
the staff support formally required for
the generation of satellite loops.
The
staff required to support the GOES-TAP
1 ines, which emanate from a hub at the
NSSFC, was reduced by having a simple
micro computer accept requests from the
user community for 1 ine switches.
The
current staff supporting the satellite
program is 1 imi ted to three contractor
personnel who fix problems on the GOESTAP circuit, act as computer operators on
the
CSIS
computers,
and
put
VDUC
television images into the old EAS system
to generate long animated sequences of
specialized satellite images.

During the last fifteen years, the
productivity of the National Severe
Storms
Forecast
Center
(NSSFC)
has
improved over 100 percent. This has been
accomplished primarily through the use of
computer technology being used in the
forecast environment.
There have been
three noticeable trends which reflect the
improved productivity.
These are the
reduction in the number of support staff;
the consolidation of programs into the
NSSFC which reduce the total number of
NWS staff working to generate a class of
products; and an increase in the number
of services provided by the NSSFC and an
improvement in the quality of those
services.

The weather plotting units have been
automated out of existence several times
during the last fifteen years. The NSSFC
originally had the Radar Analysis and
Development Unit (RADU) formed in 1956
whose primary duty was to generate a
national radar summary chart from the new
weather radar network being deployed
around the country.
In 1978, this
function was automated at the National
Meteorological Center (NMC) and the RADU
unit was disbanded.
However, in 1978,
the Convective SIGMET Unit was formed to
provide
aviation
interests
more
information on convective hazards to
aircraft.
The
Convective
SIGMET
forecasters needed rapid plots of

3.1 Support Staff Reductions
The
evolution
of
the
computer
technology has resulted in a decreased
need for supporting staff as support
functions become automated.
Different
technological aspects have resulted in
staffing changes.
The communications staff handled the
teletype circuits, and prepared paper
tapes
of
forecast
products.
The
automation of these activities by the
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significant radar reports, and the NMC
radar summary charts were not available
in a timely fashion.
In response to
these
needs,
the
Significant
Radar
Information (SIGRAD)
Unit was formed
which had many of the same people in it
as the old RADU group.
The SIGRAD
meteorological
technicians
provided
support functions in plotting radar and
aviation icing and turbulence reports,
and assisting the Convective SIGMET
forecaster in the preparation of the
forecast products until 1987.
At that
time,
the
plotting
and
forecast
preparation functions were automated on
the CSIS system (Edman, 1988) and the
icing and turbulence reporting function
was automated on the AOS system.
This
reduced the support staff by five (-5)
technicians.

While
the
non-technical
support
functions have been reduced by a total of
23 staff positions, the technical support
required
to
take
advantage
of the
computer technology has increased by 8
positions during the last 15 years,
resulting in a net decrease of 15
positions at the NSSFC.
3.2 Consolidation of Programs
Because of the computer technology
available at the NSSFC, programs which
are
national
in
scope
can
more
efficiently be staffed than is possible
at a number of regional offices.
In
1982, as part of a budget reduction
program,
the
NWS
aviation
weather
services for Aviation Area Forecasts
(FA), Airmen's Meteorological Information
(AIRMETS), and non convective SIGMETS
were restructured and consolidated at the
NSSFC to form the National Aviation
Weather
Advisory
Unit
(NAWAU) .
Previously,
nine
regional
forecast
offices had prepared these products. The
consolidation reduced the NWS staffing
required for these services by a total of
thirty
(-30)
staff positions.
The
computer technology at the NSSFC allowed
for the data to be efficiently presented
to the remaining 15 forecasters who
worked three people per shift.
The
critical technology needed by NAWAU
initially
was
the
AFOS
graphic
presentations,
the
off
line
word
processors,
the
computer
plots
of
observational data and animated satellite
data.
The services provided by the
reduced
staff
in
NAWAU
equaled
or
exceeded the services provided prior to
the consolidation of services.

The weather plotting staff support
required during the initial operations
during the 1950s was largely eliminated
in the 1960s with the advent of computer
plotted weather maps.
The last weather
map support positions were eliminated in
1978 with the reorganization effort that
brought the Convective Sigmet Unit into
operations.
The reorganization resulted
in the net loss of one (-1) support
position.
The computer operator staff has
remained steady at five operators since
the beginning of the computer era in the
mid
1960s.
The
Electronic
Data
Processing (EDP) . unit also has remained
steady at two programers.
While the
meteorological technician support of the
NSSFC operations has decreased during the
last 15 years, the professional support
has grown.
In 1976, the Techniques
Development Unit (TDU) was formed to
evaluate new methods and to improve
severe weather forecasting techniques.
During the first few years of operation,
the TDU performed meteorological research
functions, but the focus of TDU gradually
changed during the 1980s to become more
involved with computer technology and
applications. TDU found that forecasting
skill could be improved greatly if the
forecasters had quick, easy access to
data,
and
the
ability
to
easily
manipulate the data into severe weather
potential
information
using
known
algorithms and scientific processes. TDU
staff has been heavily involved with the
CSIS,
VDUC,
and
AOS
application
developments which enhance the NSSFC
forecasting capabilities.
The EDP unit
was merged with TDU in 1985 to better
manage programing resources.
The TDU
support staff has increased during the
last 15 years and includes a supervisor,
three
meteorologists,
an
application
programmer,
two
meteorological
technicians, and a secretary, plus the
original two EDP programmers.
The net
increase in supporting staff associated
with TDU developments and services is
eight (+8) positions.

A similar consolidation of services
has been done in the Satellite Field
Service Stations
(SFSS)
who provide
guidance products and satellite data
interpretation services.
The GOES-TAP
distribution circuits, as originally set
up during the mid 1970s, had regional
distribution centers located at the SFSS
offices.
In addition to monitoring the
flow of GOES satellite data to the field,
the SFSS off ices provided a number of
value added services which enhanced the
utility of the satellite data to field
forecasters.
In 1988, as part of a
reorganization designed to reduce total
NWS staffing for the SFSS functions, the
responsibility for the coterminous United
states was assigned to the NSSFC and the
high seas was assigned to NMC and the
NHC.
The consolidation of the U.S.
functions resulted in a staff savings of
eight (-8) meteorologists for the portion
of the program assigned to the NSSFC, and
similar
additional
savings
for
the
portion assigned to the other National
Centers. The technology inherent in the
csrs and VDUC interactive workstations,
which was available at the NSSFC but not
at the other SFSS offices, allowed rapid
displays of satellite loops and weather
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data over all parts of the country. This
allowed
the
forecaster
who
was
responsible
for
the
Synoptic
Interpretation Message (SIM) to expand
the area of responsibility from the
central portions of the U.S. to the
entire
conterminous
U. s.
and
still
allowed the same level of services as
previously provided.
In addition, the
previous SIM update program for short
term
guidance
was
expanded to
the
Mesoscale Discussion (MD)
program to
provide
a
wider
range
of
guidance
products
that
dealt
with
rapidly
developing weather problems. Hence, the
consolidation of the SFSS allowed a
reduction in total NWS staffing while
providing expanded services.

However verification scores can also be
influenced by year to year differences in
weather
situations
which
must
be
forecast.
While the verification scores
were consistently high during the years
1982 to 1984, there was a drop in the
scores during the 1985 to 1988 time
period while the drought in the Midwest
caused a general decrease in severe storm
activity.
The tornado verification
scores for 1989 and 1990 have improved
and now exceed the level of when CSIS was
first installed.
If one takes all
Watches issued by SELS over the last ten
year period, there has been a noticeable
increase in forecasting skill levels
through the period (Leftwich, 1990) .
Service improvements can also be
measured by the increase in the number of
products generated by a given forecaster.
While many forecast products are produced
on a fixed schedule, some severe weather
products are generated as conditions
warrant.
The
Convective
Sigmet
forecaster issues forecasts every hour at
a specific time that covers all the
thunderstorms
which
are
especially
dangerous to aircraft. There is a period
of 25 minutes from when the data first
starts coming in until all of the
forecast
text
products
must
be
transmitted.
On busy summer days, the
number of thunderstorms ~hich can be
handled is a functi6n of the forecaster's
ability to assimilate the data and type
fast.
Edman and Mathews (1989) reported
that individual forecasters were able to
increase the greatest number of forecasts
issued in an hour from nine to eleven
following the automation of plotting
functions. This increase in the greatest
number of forecasts issued in an hour has
continued to grow and reached thirteen
during the year of 1990.

3.3 Total Staff Reductions
With the consolidation of the NAWAU
and SFSS functions at the NSSFC, a total
of 38 NWS staff positions have been
eliminated while services to the public
have remained the same or been improved.
The reduction of support staff has
resulted in a net decrease in 15 staff
positions. This results in a total of 53
staff positions eliminated during the
past fifteen years due to improvements in
computer support.
Currently there are a
total of 42 forecaster positions at the
NSSFC providing public services that are
better than ever before.
Hence, the
efficiency of the NSSFC forecasters has
improved well over 100% during the last
fifteen years.
This has been brought
about by a slow evolution of computer
technology forming a base for forecast
support at the NSSFC. When opportunities
arise to improve the efficiency of the
NWS operations, staffing level changes
have been made.
The technology base was
first developed before plans for staffing
level changes were contemplated.
There
has been no grand plan for guiding the
technology
changes
or
the
staffing
changes,
but
rather
a
continued
commitment and
funding to providing
improved
services
through
local
development.
While
the
NSSFC
has
benefited
from
enhancements
to
the
technology base of the NWS, most of the
technology
improvements
resulting
in
enhanced efficiencies have been unique to
the NSSFC. The experiences at the NSSFC
show
the
benefits
of
continual
enhancement
of
the
technology
base
resulting in continual improvements in
staffing efficiency and services to the
public.

The quality of services can also be
assessed by the spirit of the forecasters
and the feedback from the user community.
The spirit and pride in products at the
NSSFC is quite high and is reflected in
continual
feedback
from
the
user
community on the usefulness of the
products produced.
While this is not
quantifiable, it still is an indication
that the services provided by the NSSFC
continue to improve.
3.5 Benefit to Cost Ratio of Technology
Enhancements
During the 15 year period from 1975
to 1990, a total of $6. 85 million has
been
spent
on
improving
computer
technology at the NSSFC.
The costs of
the computer equipment and external
software development specific to the
NSSFC operations are approximately as
follows: CSIS - $2.5M; AFOS - $1.35M; AOS
- $.4M; PCs and word processors - $.lM;
and VDUC - $2. 5M for a total of $6. 85
million dollars spent on computer systems
during the 15 year period, or a yearly

3.4 Service Improvements
The quality of services provided is
difficult to measure quantitatively. One
measure which
can be used
is
the
verification of forecasts.
The NSSFC
verifies Severe Storm and Tornado Watches
issued by the SELS unit.
Ostby (1984)
reported
how
the
Tornado
Watch
verification scores took a noticeable
jump with the installation of CSIS.
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Leftwich, P.W., 1990: Verification of
severe Local storm Forecasts Issued
by
the
National
Severe
Storms
Forecast
Center:
1989.
NOAA
Technical Memorandum NWS NSSFC-28,
National
Severe
Storms
Forecast
Center, Kansas city, Missouri, 10
pp.

average of $456K, or an annual cost per
current forecaster of $10K. The cost of
the computer technology per year is about
2 0% of the labor costs associated with
forecast services at the NSSFC.
During the 15 year period, 61 staff
positions have been eliminated due to
improvements in computer technology while
8
positions
have
been
added
for
development support resulting in a total
staff reduction of 53 positions within
the NWS associated with the services now
provided by the NSSFC. The cost savings
over the 15 year period resulting from
position
reductions
have
been
approximately
$13. 9M.
This
was
calculated using the number of years the
position has been eliminated, times the
average grade level of the staff for that
position, times the number of positions
eliminated for the function.
The 58
staff position reductions has resulted in
a cost savings of $17. JM while the TDU
staff increases have resulting in an
increased cost of $3. 4M associated with
technology development activities.

Mathews, Melvin D., 1985: Use of
Computer
Technology
in
the
Operations of the National Aviation
Weather Advisory Unit.
Preprints,
Second International Conference on
the
Aviation
Weather
System,
{Montreal,
P.Q.
Canada)
Amer.
Meteor. Soc. 285-288.
Ostby, Frederick P. 1984: Use of CSIS in
severe weather Prediction.
SPIE
Vol. 481 - Recent Advances in Civil
Space Remote Sensing. Society . of
Photo-Optical
Instrumentation
Engineers, Bellingham WA. 78-83.

A benefit of $13.91M in savings in
reduced staff costs has been derived from
a
capital
investment
of
$6. 85M
in
computer equipment resulting in a direct
benefit to cost ratio of 2.5.
The true
benefits to the American taxpayer have
been not only decreased costs,
but
improved services.
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1.

generating image quality displays. This section
describes the hardware configuration of the PC's
and the various SIE display sub-systems together
with the data capture sub-system (used on the
host mainframes).

INTRODUCTION

Atmospheric temperature and moisture soundings
are produc:d operationally, on a global basis, by
the
National
Oceanic
and
Atmospheric
Administration / National Environmental Satellite
Data and Information Service
(NOAA/NESDIS).
Th:se soundings have been generated, since 1979,
using thermal radiance data from the TIROS-N
Operational Vertical Sounder (TOVS) on-board the
NOAA-series
satellites,
and
the
Defense
Meteorological
Satellite
Program
(DMSP)
satellites using the Special Sensor Microwave /
Temperature (SSM/T) sounder unit, at NESDIS since
1987.
Both satellite systems (NOAA and DMSP)
each consist of two operational spacecraft which
provide complete global coverage every 12 hours.
The Sounding Implementation Branch (SIB) of
NESDIS is responsible for improving the quality,
coverage, and reliability of the operational
soundings and implementing upgrades to the
sounding processing systems. The Product Systems
Branch (PSB) is responsible for throughput and
produc~
quality monitoring of the sounding
operation.

2.1

The SIE system was developed to operate on IBM
PC/A~ computers which use the 80286 processor,
running at 10 Mhz. Two AT's were setup with VGA
monitors and Mitsubishi color monitors for the
image displays.
One unit is interfaced with a
nine - track 1600 BPI magnetic tape drive and an
ARCNET Local Area Network (LAN) board. The other
unit is equipped with a color picture processor
which can produce 8xl0 glossy photographs
transparencies, or 35 mm slides.
'
Each AT unit has 3270 communications boards with
coaxial cables linked directly to the mainframes.
These boards provide 22, OOO BAUD file transfer
rate and Time Sharing Option terminal emulation.
A Command LIST (CLIST) menu system was developed
to facilitate the data capture and transfer from
the mainframes to the PC's.
The two AT' s are
equipped with the following graphics boards both
from the Number Nine Computer Company:
'

In 1986, an image processing display system,
called the Off-Line Evaluation (OLE) system
(Brown et al, 1988), was developed on a VICOM
computer
to
provide
interactive
graphic
capability for displaying sounding parameters on
a global basis.
In 1987-90, an improved system
was developed on IBM PC/AT computers, called the
Sounding Interactive Evaluation (SIE) system.
Both SIB and PSB use the SIE system as an aid for
performing
their
respective
tasks.
The
conversion from the VICOM to the PC's had many
advantages,
including lower hardware costs
increased flexibility, greatly improved user:
friendly interfaces,
and the added use of
commercially
available
software.
Besides
providing horizontal gridded images, SIE was
expanded to provide vertical accuracy statistics
and
temperature/moisture
profiles,
trend
monitoring, and display of selected matched
retrievals and Radiosondes. This paper describes
the interactive techniques and system structure
along with a discussion of the applications
capabilities of SIE.

2.

Hardware Features

*

Revolution series 1024xl024x8 bits addressable
512x512 displayable

*

Pepper series 2048xl024x8 bits addressable
640x480 displayable

Both boards can display 256 colors from a palette
?f 16.7 milli?n. The Revolution board, procured
in 1987, provides good quality images but has no
graphic interface, only direct memory addressing.
T~e Pepper b~ard, ~rocured.in 1988, is equipped
w~th
~n
intell~gent
interface
providing
bi~mapping along with many graphic primitives.
This board currently has 2 MB of video memory and
may be upgrade~ to 4 MB.
The bitmapping allows
programming with any size and depth drawing
spac:.
In addition, memory management was
provided so that direct addressing is not
required.

SYSTEM OVERVIEW

2.2

The SIE system provides access to satellite based
and conventional meteorological observations from
operational
databases
on
the
NOAA Central
Computer Facility's NAS 90XX mainframe computers
(IBM MVS compatible).
NESDIS operational and
research development support requires access to
these files on a near real-time basis
for
routine.
monitoring,
troubleshooting, ' and
evaluation of new algorithms.
With the use of
P~ 's and communications adapter boards, direct
lines were established to the mainframes.
The
PC's were also equipped with graphic boards for

PC Display Software Features

SIE was developed as a flexible user-friendly
system, incorporating the latest in software menu
interface technology including popup and pulldown
menus. The emphasis is to provide user-friendly
access and display of the numerous data files
reque~ted by NESDIS.
In addition, generalized
functi~ns were developed for allowing additional
data files to be transferred and displayed as
needed. To reduce development costs, commercial
software was utilized whenever possible.
This
software
is
"bundled"
with
in-house
menu
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I
utilities and commercial interface management
system software libraries. All sub-systems were
written in the C language except as noted.
A
hierarchy chart showing the five sub-systems of
SIE is shown in Figure 2-1.
The following
sections describe the features of each subsystem.

The
utilities
supported
by
the
Sidebar
Image/Frame Control and the Popup Display Control
Utility menus include:

SIE

The main feature, GRIDIMG, uses the VGA screen
for display of the Pulldown Form Control and
Image Generation Form Panels menus. GRIDIMG was
designed and implemented with the use of a
commercial interface menu management software
library written in C language.
A Pulldown Form
Control menu is used for generation or selection
of previously saved Image Generation Form Panels.
This eliminates repetitive entry of commonly
selected data types and display parameters. The
user may enter selections
into
the
Image
Generation Form Panel where input fields are
highlighted by the cursor, however, standard
default parameters have been pre-set for the most
commonly used options. On-line help is available
for each field through the Fl key.
The options
available through the Image Generation Forms are :

1)
2)
3)
4)
5)

Main Menu

V• rtical
ACCUfacy Stal:s.

Gridded

OalaCapture

Images

and Transmission

Figure 2-1
2.3

EmuhWon

SIE Menu Heirarchy

Interface Management Menu System

With. the pppularity of PC systems, it was
realized that SIE would encompass several graphic
and image display software systems developed at
NESDIS.
A menu system was required which was
easy to manage and could interface with s~and
alone interactive display systems.
This was
accomplished using DOS batch files containing
batch enhancement software tools which provide
the functi?ns for windowing, coloring, and one
letter keyins.
These functions add a graphical
feel for the user and may be easily modified by
the graphics system analyst.
Each of the
following four menu types used within the display
sub-systems
are
designed
with
cursor
highlighting.
1).
2).
3) .
4).

1)
2)
3)
4)
5)
6)
7)
8)

Lotus-like menu bar
Pulldown menus
Popup menus
Entry field panels

2.40

Horizontal Imaging Sub-System

This

sub-system provides the means to display
enhanced images of gridded data
fields .
This sub-system of SIE consists of two
main functions,
the Grid Imaging and the
Contoured Fields.

*
*

The GRIDIMG feature supports many data types from
the TOVS and DMSP polar satellite product files
as well as NMC "ground truth" grids .
The
satellite data are mapped and analyzed to a grid
on the mainframes where two projections are
supported:
Polar
Stereographic
and
Linear
Latitude/Longitude.
Generalized routines are
employed which scale to any size grid and screen
profile with driver software for different sized
grid files.
The images are generated to a
constant grey shade range by GRIDIMG and scales
the output shades using the actual grid data
limits or the user selected limits. In this way,
two or more fields may be compared with the same
ranges. The grey shades are color enhanced using
a default color scale, however customized scales
may be selected.

Grid Imaging

This function of the
system consists of:

Horizontal

Imaging

sub-

GRIDIMG - which generates image displays of the
gridded fields,
DIFFER - which generates differenced images of
two gridded fields, and

several image and graphic manipulation support
utilities. The imaging is supported on both the
Revolution and Pepper boards, which are capable
of displaying four and seven 512 x 512 frames,
respectively. A user may interactively generate
a new color scale for an image, or select a
previously saved customized color scale.
When
the user saves an image , the color scale is
automatically saved with it.

The DIFFER feature provides the ability to
difference two images generated by GRIDIMG . The
resultant image will display the negative biases
as shades of blue, positive biases as shades of
red, and white showing agreement within a user
defined threshold around zero.
This is a
specialized function which accounts not only for
the grid data range of each of the two input
images but for missing data in either field as
well, when generating the final differenced
field .

The decision to use a 512 x 512 pixel display was
made for consistency with the color recorder .
With the 640 x 480 displayable resolution of the
Pepper board, it was dee ided to break up the
screen display as a 512 x 480 image area and a
128 x 480 sidebar menu. Bitmaps of 512 x 512 are
used for drawing the images and the user is
allowed to shift the image up or down using the
+/- keys on the numeric keypad. The menus used
on the Pepper board may be categorized as:
1)
2)
3)
4)

Split screen profile (Full, Top/Bottom,
Side-by-Side, or Quadrants),
Latitude and longitude boundary selection,
Contour interval,
Two map databases with 8 color choices,
Smoothing factor in the X and/or Y
direction,
Auto or manual data limits scaling,
File and parameter selection windows with
highlight bar, and
Form request cataloging, for saving
frequently used customized forms

The split screen capability provides the user
with the ability to see more than one gridded
field on an image frame.
If quadrant profile is
selected, four form panels are displayed and the
user chooses selections to specify the data and
display parameters for each quadrant.
The fout
image forms may then be saved as one form request
catalogue file .

p~eudo-colo~

2.41

Load/Save Images
Copy, Clear, and Loop Frames
Pen Color Change
Generate/Select Color Scale
Text Annotation

2.42

Contoured Fields

This function provides graphic display, on any
VGA board, of gridded data fields in the form of
contour lines and/or posted data values .
This
tool was developed to provide the means to
compare contoured field data with superimposed
plotted data each from a different data source
(i.e., conventional versus satellite based data).

Sidebar Image/Frame Control
Popup Display Control Utility
Pulldown Form Control
Image Generation Form Panels
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truth and satellite based observations are
described in sections 3.3 and 3.4.
Section 3.5
briefly describes the Trend Monitor.

This function utilizes a commercial software
package, called SURFER, to perform the actual
graphic contouring and plotting.
A menu shell
was developed using EGA utilities from the
Vertical.Statistics sub-system (described below),
thus saving development time and cost for this
function.
The menu guides the user through the
selection of files and display parameters using a
cursor controlled highlight bar.
The software
shell also reformats the binary data transferred
from the mainframes into the ASCII format files
required for SURFER.

2.5

3.1

The analyses of atmospheric data on a global
scale presents the analyst with the difficult
problem of assessing the overall quality of a
very _large vo_lume of data.
The Grid Imaging
function provides pseudo-color graphics for a
representation of data for any user selected
parc:meters.
The analyst may choose from a
variety of data types, geographical areas color
sca~e, smoothing,. p~ojection, analyses 'across
orbital. gaps or missing data, and inclusion of
g:ophysical bound~ries. Up to four fields may be
displayed on one image frame allowing the analyst
~o study i:iultiple sources of data on a single
image.. Given the current storage capacity of
seven i~age frames, up to 28 fields may be looped
f<;>r
visual
analyses.
The
capability
to
difference the . data for t~o fields and display
th: analyzed difference field as an image also
:xists.
~hese features are particularly useful
in comparing data from different time periods
data sources (i.e., various satellite based
systems and/or conventional data sets)
as well
as operational and parallel test system~.

Vertical Statistics Sub-System

This sub-system was developed to provide an
interactive and automated method of generating
and displaying graphical plots of vertical
accuracy statistics generated on the mainframes
(reference section 3.3). This sub-system can run
on any standard EGA/VGA graphic board and
utilizes a commercial plotting package, called
GRAPHER.
The plots produced display error
statistics
of
satellite based products
at
stc;tndard soun?ing at.mospheric pressure levels.
This package is flexible and provides excellent
hard-copy in both color or black and white.
Several output devices are supported with a
variety of font and color selections.

Figures 3-1 and 3-2 display an examples of the
Grid I~aging function to display total ozone.
The figures display images of total ozone
measurement~ centered over Antarctica, based on
the TOVS instruments onboard the operational
NOAA-11 polar orbiting satellite. Each field is
a two day composite of measurements on a 200 km
g~id displayed in a polar projection.
Figure 3-1
displays a composite field centered on August 22
and Figure 3-2 on September 16, 1990. -

A simple EGA-based menu driven shell guides the
user through the selections of the statistical
data to plot and initiates the TSO emulator and
GRAPHER plotting modules.
The menus use a
highlight bar moved by the arrow keys.
The
options are described in ASCII text files and
include screen colors.
The binary statistical
data is converted into the GRAPHER ASCII text
f<;>rmat.
Default templa~e graphs were designed
with the software allowing for the creation of
customized graphs.

2.6

Vertical Profile Sub-System

The Vertical Profiles sub-system allows the
analyst
to
plot
individual
collocated
observations of satellite based and conventional
meteo~olo~ical
observat~ons. .
This
display
function is EGA-based, written in Microsoft Quick
Basic, (McMillin, 1988).
Data is input from a
special intermediate file, written as random
access integers in BASIC.
Software to generate
this file from NESDIS operational databases
resides on the mainframes.
The individual
collocated observations are plotted one at a time
and color coded to identify the data source and
type (see section 3.4).
A global plot of the
locations of all available observations (also
color coded) may also be created as an aid to the
user in selecting individual profiles.

2.7

Grid Imaging
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Figure 3-1 Southern hemisphere NOAA-11 TOVS
Total Ozone coverage on Aug. 22,1990.

Data Capture Sub-System

The data capture sub-system performs the critical
support task of retrieving the product files from
the mainframes for display by the SIE system.
The product databases support rotating files of
data records holding 1 to 4 days of data.
The
capture sub-system was enhanced from the original
OLE system with user-friendly menus and multiple
file transfers.

3.

SCIENCE EVALUATION APPLICATIONS

The sub-systems comprising the SIE menu (see
Figure 2-1) provide a multi-faceted capability to
analyze scientific data. These capabilities were
designed and assimilated to meet the needs of the
scienti~ic analyst
in the routine monitoring,
evaluation of new algorithms and troubleshooting
of . NESDIS
operational
products,
from
environmental satellites. The following sections
present the analytical aspects and examples of
graphic displays corresponding to each subsystem.
Analyses of gridded data fields are
described in sections 3.1 and 3.2.
Analyses of
vertical accuracy statistics and individual
profiles based on a data set of collocated ground

175

23s 27s ?rii:,375 13s

Figure 3-2 Southern Hemisphere NOAA-11 TOVS
Total Ozone coverage on Sept. 16,1990.
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Collocated radiosonde and operational satellite
retrievals for the entire globe are collected
daily by NESDIS.
Each day, SIE mainframe
software accesses these data sets, provides
screening to remove incomplete, erroneous and
otherwise undesirable data and compiles a final
"evaluation data set", which is stored on a 10day rotating file .
In addition, satellite
observations from a second system (i.e., a Test
system) , selected by the analyst may be appended
to the original evaluation data set.
This is
referred
to
as
the
SIE
Three-Way
Match
(radiosonde plus soundings from two different
satellite systems) evaluation data set.

Both displays are based on a common color scale
(grey shades for publication purposes) .
A new
physical algorithm provides infrared detection of
the total ozone amounts, even during the polar
winter,
(when
data
from
other
satellite
instrumentation
requiring
sunlight
for
the
backscattering
of ultraviolet
radiation
is
unavailable).
Such capability for routine
graphic displays enhance the NOAA scientists
ability to study these data.

3.2

Contoured Fields

The Contoured Fields function was designed to
meet the needs of the analyst for a more detailed
and regional analysis of the data . This function
allows the analyst to overlay and compare two
data sets, with one represented in contour form
and the other as actual plotted data .
The
analyst selects the data types, the data to plot
and contour, the contour interval, and the
regional boundaries.
Annotation indicating the
data classes (i.e. , clear and cloudy types for
TOVS soundings) and geophysical boundaries are
automatically provided.

During
the
evaluation
of
new
scientific
algorithms, and for the routine monitoring of
sounding products
and
troubleshooting,
the
analyst may employ a variety of options to study
products accuracy using the Vertical Accuracy
Statistics sub-system.
The analyst selects the
sounding systems to compare (the default is a
single
satellite
system
with
matched
NMC
Radiosondes), distance and time windows for
collocation with
radiosondes ,
time
period,
regional
boundaries
and
collocation
types.
Collocation types indicate the designation of the
sounding contained in the collocation and include
land, sea, day, night, quality indicator, and for
TOVS the clear and cloudy designations.
When
compiling a 3-Way Match evaluation data set, the
distance and time windows for each sounding
system may be specified . Upon setting the above
criteria, the mean, standard deviation and RMS
statistics of the satellite minus radiosonde
differences are produced for each sounding
system . Statistics are produced at the standard
satellite
based
pressure
levels
and
the
radiosonde data are linearly interpolated to
these levels during the statistical generation.

The ability to compare plotted and contoured data
allows
the
analyst
to
study
small
scale
differences .
This is demonstrated in Figure 3-3
which displays plotted meteorological data based
on the Special Sensor Microwave/Temperature
( SSM/T) sounder, overlaid by contours of NMC
weather analysis data.
Data are for the 700 mb
pressure level over Mexico . A comparison of the
plotted data and overlaid contours show agreement
with respect to the temperature gradient, but the
absolute
value
of
the
satellite
based
temperatures appear to be about 2°K to 4°K too
cold .
This type of analyses is important for
product users and research studies , and is now
more easily accomplished using the SIE display
capability.
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Figure 3-4 displays Mean and RMS vertical error
statistics plots for cloudy TOVS satellite
sounding types for Test (solid) and Operational
(dashed) sounding systems. Data are for the 60°
N to 30° N latitude belt and for combined land,
sea, day and night collocation types . The sample
size at each pressure level is shown on the
right-side axis.
Since the Test system was
operated in a parallel mode relative to the
Operational system, the time and location of Test
and
Operational
soundings
are
identical.
Therefore, comparing the curves for each system
provides a powerful analytical tool.
As can be
seen, the errors for the Test syst~m appear
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3.3

Vertical Statistics Sub-System

600
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900

The SIE Vertical Statistics are based on the
difference between collocated radiosonde and
satellite observations, at the standard sounding
atmospheric
pressure
levels .
Conventional
radiosonde observations are typically a reliable
source of surface and atmospheric data which are
used as "ground truth" to estimate errors in
satellite sounding products .
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Figure 3-4 Vertical accuracy statistic plot
comparing NOAA-10 Test and Operation from 60N to
30N, 180E to 180W zone, for Cloudy, Land/Sea
Day/Night conditions, for 8/22 throgh 9/4/90.
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smaller
than
those
for
the
Operation,
particularly in the lower atmosphere.
By
comparing similar statistics but for varying
periods, geographical regions and collocation
types,
such
analysis
provide
important
information on vertical error structu:i;e of
operational sounding products or the evaluation
of new algorithms.

moisture profiles . However, given the nature of
the radiosonde moisture variations, some question
concerning the data validity is warranted.
The
satellite and radiosonde temperature profiles
agree reasonably well.
However, the radiosonde
profile indicates a temperature inversion at
about the 200 mb level which is not observed in
the satellite sounding.
In this case, the
radiosonde observation is likely to be more
representative, and probably indicates the lack
of vertical resolution of the sounding data at
that scale.

In April,
1989,
the SIE Vertical Accuracy
Statistics were sanctioned as the Standard NOAA
measure of accuracy for operational sounding
products . Each week, vertical plots of the mean
and RMS sounding errors for clear and cloudy TOVS
soundings, for three global latitude belts, and
for each operational satellite are produced.
These statistics are an important part of the
routine operational monitoring procedures.
3.4

The study of collocated radiosonde and satellite
observations at selected point locations (or for
a region) is best done over several days and with
background
information
of
the
prevailing
meteorological conditions.
Such studies may
indicate the sensitivity and accuracy of the
satellite
(and
radiosonde)
observations
as
related to changing meteorological conditions.
Such information is often needed in response to
user complaints which tend to be seasonal and
regional in nature, and to support research.

Vertical Profile Sub-System

The Vertical Profiles sub-system allows the
analyst to plot individual collocated radiosonde
and satellite observations including 3-Way Match
evaluation data sets. This can reveal important
characteristics regarding systematic differences
in the radiosonde and satellite observations.
The single point analysis (in space and time)
enhances the analyst ability to study large and
small scale structure in the vertical.
Such
structure is often masked in the Vertical
Accuracy Statistics and is difficult to resolve
at a point location using the gridded image
display modes discussed in section 2.2.3.

3.5

The trend monitoring sub-system is still under
development and will be used to monitor trends in
the raw data or products.
The orbital trend
monitoring
is
currently
operated
by
PSB
operations personnel as a standalone utility but
will be incorporated into the SIE system in the
near future. The parameters to be monitored for
the weekly and annual trend monitoring are in the
definition phase.

The Vertical Profiles sub-system allows the
analyst to specify either the current SIE 10-day
rotating file or the NESDIS historical archive of
collocated radiosonde and operational satellite
observations .
The analyst initially creates a
global plot of the available collocated data.
The plotted data are color coded based on the
difference between the satellite and radiosonde
observations for a meteorological parameter, as
selected by the analyst . The analyst selects the
region and time period for vertical profile
plotting.
Vertical plots of the individual
temperature and moisture soundings together with
collocated
radiosonde
observation
are
then
displayed.

4.

FUTURE PLANS

The SIE system currently displays satellite raw
channel data as well as intermediate and final
sounding products. Essentially~ parameter or
product may be mapped and displayed.
However,
the current SIE system (v 2.0) will be upgraded
to allow users without specialized graphic boards
(i.e . those users having one of several VGA
adapters), access to this capability. Also there
are plans to upgrade the telecommunications, in
order to provide access to the satellite data
from the host mainframes via the NOAA Wide Area
Network (WAN). The SIE system is also being made
flexible
enough to provide
the
same data
visualization techniques for non-sounding data
parameters and products.
The visualization
displays will also be enhanced to utilize
rendering techniques for three-dimensional data
volumes.

An example of the vertical plots and additional
data annotation provided with each plot is shown
in Figure 3-5 . Pressure is shown on the vertical
scale and temperature (°K) on the horizontal axis;
the observed water vapor mixing ratio is the
saturation value at the plotted temperature and
pressure coordinate. The radiosonde temperature
and moisture are indicated by the dashed lines
and the operational satellite soundings by the
solid lines. The globe in the lower left corner
indicates
the
geographic
location
of
the
satellite observation.
Figure 3-5 indicates a
large difference in the satellite and radiosonde
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Trend Monitoring Sub-System

4.1

SIE

(v

3.0)

Version 3.0 of SIE will incorporate several
improvements which will make the system usable by
any of the NESDIS and NMC sounding researchers.
The first improvement will be to map the TOVS or
DMSP sounding products to a 1° x 1° resolution
which is much closer to NOAA and DMSP sounding
product resolution generated at NESDIS, (instead
of the standard NMC ?.5° x 2.5° grid). This will
result in approximately a 6-fold increase in the
displayed resolution.
Also, the system may be
expanded to display Sea Surface Temperature,
Earth Radiation Budget, Aerosol, Cloud Amount and
other environmental gridded products.

OPERATION - RAOB ------

50
70
100

The software was designed to provide ease of
porting to a variety of other graphic boards.
VGA graphic drivers will be implemented in the
next three to six months . With the introduction
of several VGA boards on the market and no
accepted standard for the different modes,
several driver sets must be implemented into the
SIE system.
The advantage
is
that many
scientists in NOAA have access to PC's with VGA
boards, thereby insuring a potentially large
number of users within the low end of the graphic
display community. The only additional hardware
requirement will be that the users' PC is
attached to the NOAA WAN . In this way, virtually
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Figure 3-5 Vertical profile plot of temperature
and moisture from the TOVS sounding operation
matched with an NMC Radiosonde .
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any gridded data parameter or product from the
current operation or from a parallel test system
may be captured from the host mainframes and
displayed .
Already SSM/I data (from the DMSP
satellites), as well as the SBUV/2 and AVHRR data
(from the NOAA satellites) have been displayed
using SIE.
Since SIE accepts any standard 512 x
512 image, plans are underway to include general
image processing commands, such as subtraction,
adding, multiplying and dividing by a constant ,
boolean operations such as ANDing or ORing, and
histogram equalization .
4.2

5.

The SIE system provides the NESDIS operations and
research staff with many ways to display, monitor
and evaluate both sounding (and non- sounding)
products. This system is designed to be flexible
so that data from various satellite remote
sensing systems as well as conventional . "ground
truth" may be cross compared.
The system is
capable of displaying:

1)

New Equipment

2)

Currently the equipment being used for the
development of the SIE system consists of two IBM
PC AT' s (10 Mhz 80286 chips) .
This 1983 PC
technology is being upgraded to new PC's with
80386 processors using the AT-style (ISA) bus.
Each machine has a clock speed of 33 MHz with 8
MB of RAM and has both disk and RAM caching , with
a 15 msec 150 MB disk . The video display is noninterlaced, with 1 MB of video memory on the VGA
board
providing
a
1024x768
display.
Communications with the mainframe host will be
through both 16-bit Arcnet LAN boards and across
the Ethernet WAN or through TSO (see figure 4-1).
A color recorder will be available to produce
screen pictures in 8xl0 format.

3)
4)
5)

'----~~

_ _

World Weather Bldg.
camp ~~rlni;i• . ".'.[) ,
Federal Bldg. # 4 Sultland, MD

SIE provides a more efficient tool for improving
the manner in which NESDIS operates.
Current
methods of research using satellite remote sensed
data require programmers to submit batch jobs on
the mainframe and wait for hours or days for
results printed on a line printer .
Operations
personnel currently examine piles of computer
printout in order to determine (after the fact)
whether all of the data has been processed , with
little ability to assess the . quality . of the
products . If operat ional satellite sounding data
(including NOAA-K,L, & Mas well as GOES-I/M),
can
be
displayed
with
this
autorna~ed
visualization system, then any remote sensing
data, mapped to a two-dimensional g:id, such as
vegetation index, heat flux, outgoing longwave
radiation and sea surface temperatures may be
displayed.by SIE.
If these tec?niques for data
visualization are realized, it will transform the
manner and speed with which NESDIS scientist~ ~re
able to evaluate their research and the ability
of operations personnel to monitor and quality
control the satellite products .

Ethernet

IBM PS/2
MCI DAS
(workstalion}

FB # 4. Wing#2

Figure 4-1

4.3

Gridded images of temperatures or moisture,
at a selected pressure levels,
Gridded images of raw radiance data or
parameters,
Contoured and/or plotted fields of any
selected raw radiance data, parameter, or
product,
Vertical
plots
of
sounding
accuracy
statistics, and
Vertical
profile
plots
of
individual
retrieval / radiosonde matchups

Each of the sub-systems provide a specific
analytical tool, and when combined provide a
powerful and diverse system to monitor and
evaluate
environmental
product
data.
SIE
utilizes many of the PC menuing technology
methods: Lotus-like top menu bars, pulldown and
popup menus, input panels with cursor highlight
bars moved by arrow keys .
The Pepper graphic
board provides ease of programming both popup
windows
and a
sidebar menus.
Bitmapping
technology
was
used
to
allow
for
the
specification of drawing areas instead of direct
addressing.
Commercial
software was
used
wherever possible to reduce development cost.
The Pulldown Form Control menu reduces repetitive
user data and display parameter entry into the
Image Generation Form Panels.

FB #4. Win g #3
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[HIRS/2, MSU, SSU, SSM/T
SSM/I, AVHRR, and S BU V/2
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SIE Data Access

Data Visualization

The near future design for SIE includes vertical
cross - sections, and 3-dimensional wire-gridded
images.
Current planning calls for the use of
SIE, in the evaluation of new sounding (and
perhaps
non-sounding)
science
algorithms
contained in the NOAA-K System '90 software.
This new satellite data processing system will be
compared to both the current TOVS/DMSP operation
and
NMC
Radiosondes
using
the
techniques
discussed in section 3.
In addition, data and
products from the GOES-I/M system may be ported
over the NOAA WAN , mapped, gridded, and displayed
for cross comparison with the various polar
systems for product accuracy and calibration of
the polar spacecraft with each other using a
single geostationary source .
Advanced designs
for volumetric data visualization could include
rendering of temperature and/or moisture data in
the X, Y and Z planes with time looping .
This
visualization concept would however, require
specialized hardware beyond the standard PC
technology.

6.

REFERENCES

Brown, C . ,A. Reale,K . Fakhrai , M. Liu,A .
Swaroop, An Image Processing Display
System for Evaluation of Meteorological
Products, AMS Conference, Anahiem, CA,
Jan. 1988
McMillin, L., A TOVS RAOB Data Set for the PC,
A Report on the Fourth International TOVS
Study Conference, Cooperative Institute
for Meteorological Satellite Studies
Igls, Austria, March 1988
7.

ACKNOWLEDGEMENTS

The authors wish to acknowledge the support of
J . Caldwell, K. Seif, R. Carrier, L. Wilson and
F . Tajallib of STX, in the development of the
SIE system . The authors also acknowledge the
valuable comments provided by C. Novak and D.
Gray of SIB and A . Nappi of STX .
430

7.6

GROUND-CORRECTED ALTITUDE-BASED REMAPPED SATELLITE IMAGERY
Ronald J. Sznaider, Doug Chenevert, James P. Nelson III,
Corrine Niklaus, and Jean E. Smith
Kavouras Inc.
6301 34th Avenue South
Minneapolis, MN 55450
(612) 726-9515
1.0

Introduction

times even grossly in error when coarse vertical
temperature profiles such as the International
Standard Atmosphere (ISA) are used.

This paper examines a new computer
processing scheme that objectively removes
distracting non-cloud features from Geostationary
Operational Environmental Satellites (GOES) 11
micron (um) Infrared (IR) imagery and sets the
cloud pixel brightness values directly proportional to a calculated cloud-top altitude. Three
processes combine to make this unique imagery:
the remapping of the satellite data into a
cartesian map projection, ground-correction (the
elimination of non-cloud features from the
image), and calculation of cloud-top altitudes
with subsequent cloud pixel assignment proportional to the altitude. Comparison of satellitesensed llum IR temperatures to interpolated
values from real-time surface thermodynamic
analyses support the ground-correction. Vertical
temperature profiles, utilizing current radiosonde and National Meteorological Center (NMC)
forecast fields of upper-atmospheric temperatures, support the derivation of the cloud-top
altitude.

Numerous applications for ground-corrected
altitude-based remapped satellite imagery are
possible. This type of image provides the faci1ity to, for the first time, operationally colorenhance a cloud-top altitude level (or range of
levels). This has far-reaching implications
leading towards simpler and more accurate interpretation of satellite imagery by nonmeteorologists who may not understand, nor
appreciate, the many different enhancement curves
typically used with IR imagery. With groundcorrected altitude-based remapped satellite
imagery, a user might elect to assign all cloudtops with altitudes of 30 to 35 thousand feet to
a green color and all clouds above 35 thousand
feet to an orange color. In essence, users are
able to make their own, more straightforward
enhancement curves with virtually limitless possibilities that can easily be tuned to fit a particular application (e.g., monitoring cloud tops
existing along an aircraft's route of flight) .

While the use of IR satellite imagery is
widely regarded as being essential in a modern
operational weather forecasting envi~onment,
accurate interpretation of conventional IR
displays are sometimes hampered by confusion
regarding the positive identification of low
clouds over cold regions. Furthermore, the lack
of consistently accurate cloud-top altitude
determinations limits the overall effectiveness
and full utilization of the IR imagery.

2.0

The GOES satellites orbit the earth at an
altitude of approximately 23,000 miles, providing
images of the earth every thirty minutes. The
satellites are positioned over the equator, and
orbit at the same rate that the earth rotates.
To an earth-based observer at the equator, the
satellites would appear to be hovering virtually
stationary overhead at all times. At such a
distance, the earth appears as a sphere. In this
"sate 11 ite projection, as one looks away from
the point directly beneath the satellite (the
subpoint), the earth starts to curve away as
one approaches the edge of the sphere. Because
of this curvature, it is often difficult to
visually identify and/or correctly ascertain the
earth location of features near the edges of the
earth's sphere.

Conventional GOES llum IR satellite
imagery shows brightness values that represent
ranges of temperatures. With clear skies, the
satellite IR imager senses the ground skin
temperature. As a result, a time sequence
animation of consecutive IR images shows normal
diurnal temperature variations in clear areas as
changing brightness values. During wintertime
cold air outbreaks, cold ground can radiate IR
temperatures similar to that of clouds. Intermixed with clouds, these ground features can
easily introduce confusion and result in
incorrect interpretation, especially by nonmeteorologists. Likewise over water, cold ocean
currents or very cold inland lakes surrounded by
warmer land can contaminate the cloud imagery
with conflicting IR signatures. Comparison of a
satellite-sensed IR temperature to a vertical
temperature profile is a common method of estimating cloud-top heights. Cloud height determination can, however, be inconsistent and at
11

REMAPPING SATELLITE IMAGERY INTO A
CARTESIAN MAP PROJECTION

11

11

11

11

An alternative to viewing the image in the
satellite projection is possible by mathematically repositioning, or remapping, the image data
into any number of flat cartesian map projections
commonly used in meteorology (e.g., Lambert
Conformal). Remapping the imagery affords
several advantages. First, the remapped imagery
will always be properly earth-located (assuming
the navigation parameters supplied with the raw
imagery are accurate). In theory, the sate 11 i te
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remains stationary over the same subpoint, but
over time, friction introduces drag and the
satellite orbit slowly degrades. As the orbit
degradation becomes more pronounced, the subpoint
begins to change. With satellite projection
imagery, this manifests itself as the image data
itself moving. Animation of consecutive image
frames may show a wobble effect where the imagery
is slowly bouncing around on the display monitor.
This phenomenon is virtually eliminated with
remapping. The image data does not move even
when the satellite does--during maneuvers or
seasonal re-stationing. Secondly, features near
the earth edges are better-defined, in terms of
earth location. Finally, remapped satellite
imagery can be more readily overlaid and/or compared to analyses of other current or forecast
meteorological parameters (e.g., vorticity).
Figure 1.c
Figure 1.c shows geopolitical boundaries of a
north-central portion of the United States in a
Lambert Conformal projection. This is representative of a cartesian map projection.
3.0

Figure 1.a
Figure 1.a shows latitude/longitude lines
superimposed upon geopolitical boundaries of a
portion of the northern hemisphere as 11 seen 11 by a
GOES satellite. This represents a satellite map
projection.

GROUND-CORRECTION OF llum IR IMAGERY

The term 11 ground-correction 11 refers to the
process of removing non-cloud features from llum
IR satellite imagery. The resulting remapped
image of only cloud features resembles a nephanalysi s. Without ground correction, the
satellite-sensed IR temperature of the earth's
surface is displayed where skies are clear. A
time sequence animation of consecutive IR images
tends to accentuate the normal diurnal temperature variations in clear areas. At a minimum, the changing ground brightness values are
distracting. Of greater concern are the effects
when the surface radiates at temperatures close
to that of clouds. Intermixed with actual
clouds, these ground features can easily introduce confusion (Fritz and Winston, 1962) and
result in incorrect image interpretation, especially by non-meteorologists. Likewise over
water, cold ocean currents or very cold inland
lakes surrounded by warmer ground can contaminate
the cloud imagery with conflicting IR temperature
information.
Real-time surface thermodynamic analyses
are utilized to make possible the automated,
objective, and highly accurate elimination of
non-cloud features from the image. Surface
analyses are generated using real-time surface
data such as Surface Airways observations (SA s)
from thousands of continental and island
reporting stations, as well as surface synoptic
observations (SM's) from transient ships, moored
buoys and drifting buoys over marine areas.
Interpolated temperatures from the analyses are
used to compute a threshold 11 cutoff 11 temperature
for each corresponding point in the remapped
image. The cutoff temperature is defined as the
highest satellite-sensed temperature at which a
cloud could radiate at a particular point in
space and time. Thus, satellite-sensed temperatures that are greater than the computed
cutoff temperature are assumed to have been
radiated by the earth itself and not by a cloud.
1

Figure l.b
Figure l.b shows geopolitical boundaries of a
north-central portion of the United States in a
satellite map projection.
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The procedure used to compute the cutoff
temperature varies with time of day, time of
year, and location. Overnight, the radiated temperature of land areas is often several degrees
cooler than the observed air temperature.
Conversely, during the day, the radiated temperature of the earth's surface may be higher
than the temperature of the air above it,
especially under clear skies. These temperature
differences between the earth and the air are
also a function of season, varying with the
length of day and sun angle (Anderson and Smith,
1971). · Thus, the cutoff temperature cannot
remain constant, but must fluctuate diurnally
along a sliding scale from summer to winter,
north to south and east to west.
Over inland lakes and oceanic areas, the
algorithm used to compute cutoff temperature
also includes the observed water temperature.
This is necessary because water temperatures may
be much colder or warmer than the temperature of
the air above, and may lead to incorrect assumptions concerning cloud cover.
concerning cloud cover.

Figure 4
Figure 4 shows the same remapped IR image with
the ground-correction applied, effectively eliminating non-cloud features from the image display.
Image time is 1830Z 21 September 1990.
4.0

ALTITUDE-BASED CLOUD COLOR ASSIGNMENTS

The color enhancement of ranges of GOES
llum IR temperature values can assist in the
identification and forecasting of convective
activity (Weiss, 1983). Using different temperature tables, color-enhanced IR imagery has
been shown to be very useful in the monitoring of
thunderstorm growth patterns which, in turn, have
been shown to be very useful in interpreting
thunderstorm strength (Mccann, 1981). Given the
demonstrated usefulness of GOES llum IR temperature data, and given the properties of llum IR
radiation in regions of opaque cloudiness with a
clear atmosphere above (i.e., that llum IR
radiance values can be treated as cloud-top
temperatures), a logical extension of viewing
radiance data alone is to quantify cloud-top
altitudes from the radiance information.

Figure 2
Figure 2 shows a conventional visible
channel image in a satellite projection
from 1830Z 21 September 1990.

Two assumptions are implicit in our
approach to height assignment. First, it is
assumed that the imagery has already been groundcorrected. Second, it is assumed that the sensed
llum IR radiance can be converted directly to a
temperature value via Planck's Law, implying that
the cloud being sensed has an emissivity of 1.0
and completely covers the remapped satellite
pixel in question. While these two assumptions
do fail on occasion, resulting in less than ideal
cloud-top height assignments, they will tend to
be quite accurate in regions of large, deep,
convective-type clouds, which are of foremost
concern to aviation interests, and are also
arguably the most interesting to meteorologists
as well. Uniform decks of thick stratiform
clouds are also suitable for accurate cloud-top
height assignment using these assumptions.
Given a satellite-sensed cloud-top
temperature, along with a representative profile
of environmental upper-atmospheric temperatures,
it should be possible to correlate the sensed
cloud-top temperature with the profile and determine the cloud-top altitude with a high degree of
accuracy. Several approaches have been taken in

Figure 3
Figure 3 shows a conventional IR image remapped
to a Lambert-Conformal map projection from 1830Z
21 September 1990.
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the past to construct vertical profiles of
environmental temperature. In the first method,
an ISA profile was used. Since this profile only
rarely represented the true state of the atmosphere at any given point in space and time, the
resultant height assignments tended to be inaccurate. A somewhat more refined profile used to
determine cloud-top altitude is a climatologically-derived profile (Suchman et al., 1981). This
profile is generally more representative of the
true state of the atmosphere, but it still suffers from both spatial and temporal inconsistencies, relative to cloud-top locations. Another
type of vertical profile that can be used in
cloud-top height assignment is the most nearly
co-located radiosonde (Smith and Mosher, 1989).
This is yet a better approach, but in the vast
majority of cases, the radiosonde site will not
be co-located with the satellite measurement, and
therefore height assignment errors will continue
to occur. Yet another approach in obtaining a
vertical profile involves assembling temperatures
from a recent objective analysis at the nearest
gridpoint (Lee, 1979; Lee and Nagle, 1980). This
approach may lack some of the vertical resolution
of the nearest radiosonde method, but it is
certainly a better method in terms of spatial
resolution.
A significant effort has been put forth in
an attempt to construct the most representative
vertical profile of environmental temperatures
possible to support the cloud-top height assignment. The approach we have taken is to use
analyses of both radiosonde and NMC forecast
temperature fields to derive vertical profiles of
temperature that are co-located with a given
cloud top location, both in time and space.
5.0

tops north of Springfield, MO, to 12,000-foot
tops northeast of Williston, ND, to 23,000-foot
tops near Chicago, IL. Due to limitations in the
reproduction quality of the preprints, an image
of the plotted pilot reported cloud tops over a
satellite photo was not included.
The process used to verify our approach to
ground-correction included comparisons with data
from the SA observation network and with GOES
visible satellite imagery. The focus of this
verification has been to ensure that cloudy
pixels are not set in areas that actually have
clear skies, while at the same time not excluding
any real cloudy areas. This was accomplished by
modifying the algorithm that computes the cutoff
temperature on a trial-and-error basis. The
cutoff temperature approach works well in most
cases; however, some slight limitations do remain,
primarily with scattered cloud cover. A fair
weather cumulus field, with only scattered
coverage, may be discernable from lKm GOES
visible imagery, provided the sun angle is favorable. Due to the coarser (8Km) GOES IR sensor
resolution, the aggregate radiation within the IR
sensors field of view senses a greater proportion
of the warmer ground temperatures than the cumu1us cloud temperatures. This is not so much a
flaw in the temperature cutoff methodology as it
is a factor of the GOES IR sensor resolution
being too coarse to discern the detail of the
scattered cumulus cloud field. This situtation
should improve with higher resolution GOES-Next
IR sensor technology.
11

11

VERIFICATION

Ongoing verification of the accuracy of
the derived cloud-top altitudes has been achieved
by comparison with co-located pilot reports.
Pilots are encouraged to report significant
weather, aviation hazards and cloud data from the
cockpit. Reports often include the altitude of
cloud-tops encountered inflight. This data is
the most reliable source to verify cloud-top
height assignments. During the development of
the altitude-assignment algorithms, the only
pilot reports used to verify cloud-top altitudes
were those stipulating a clear sky above a cloud
deck during climb or descent. This ensured that
no clouds were present above the deck the pilot
was observing. The derived cloud-top altitude
should equal the pilot-measured altitude.
Whenever such a report was encountered, the
altitude of the reported cloud-top was checked
against the altitude determined by the cloud-top
assignment algorithm.

Figure 5
Figure 5 shows an enhanced ground-corrected
altitude-based remapped satellite image from
1830Z 21 September 1990 where cloud-top altitudes
have been arbitrarily classified. Black designates clear areas, dark grey represents low cloud
cover with cloud-tops extending to 10,000 ft.
AMSL, light grey shows mid-level clouds extending
to 30,000 ft. AMSL, and white designates high
clouds 31,000 ft. AMSL or higher.

Verification results have consistently
shown good agreement, with errors typically
within 1,000 feet and rarely exceeding 2,000
feet. For the time of the satellite images shown
in this paper, there were few "clear above" pilot
reports. However, all of the "clear above"
pilot-reported altitudes matched the assigned
altitude within 1,000 feet. There were also
numerous pilot-reported cloud-top altitudes
without the "clear above" specification that
matched the assigned altitudes, ranging from
5000-foot tops near Marquette, MI, to 7000-foot

6.0

APPLICATIONS

The ability to combine satellite data with
other analyzed fields of observed and derived
meteorological parameters, as well as radar data,
is an improvement that has tremendous potential
b~nefits to both operational and research
mete9rologists (Hibbard, 1986). One important
434

benefit of ground-corrected altitude-based
remapped satellite imagery is that it is remapped
into a standard meteorological map projection and
can therefore be more readily superimposed on
other pertinent analyses of surface parameters
such as moisture convergence, upper-air
parameters such as absolute vorticity advection,
and radar data.

In short, ground-corrected altitude-based
remapped satellite imagery should prove useful
for any users who are interested in consistently
reliable cloud-top information and/or
cloud/no-cloud determinations.
7.0

SUMMARY

Ground-corrected altitude-based remapped
satellite imagery represents a new image processing technique that effectively provides a
cloud-top altitude map. Implicit in this
presentation format is the immediate visualization of cloudy areas without the potential
misrepresentation of features that are actually
very cold land/water under clear skies.

Ground-corrected altitude-based remapped
satellite imagery provides unique capabilities to
the aviation meteorologist, to whom timely cloudtop information is critical. The ability to
relay cloud-top altitude information to a pilot
during a pre-flight briefing aides in decisionmaking concerning fuel requirements, flight
routes, ride quality, and choice of alternate
landing sites. For pilots already airborne,
cloud-top information can make the difference
between continuing along the planned flight path
or selecting an alternate corridor in which to
proceed.

Ground-corrected altitude-based remapped
satellite imagery provides a simpler and more
accurate means of gleaning information from IR
satellite data. By utilizing real-time thermodynamic analyses to support the groundcorrection, and radiosonde and NMC forecast
fields to support the altitude assignment, a
significant advancement in the ability to
quantify rather than just qualify cloud-top
altitudes is now a reality in the operational
forecasting environment.

Real-time color-enhanced altitude-based
three-dimensional image representations of
cloudiness in the atmosphere were introduced to
operational weather forecasters to visualize
thunderstorm development along predefined flight
path corridors (Sznaider, 1989). Forecasters
endorsed the concept but at times had difficulty
ascertaining the actual earth-location of a given
cloud pixel due to the tilted image format that
is part of the three-d imens i ona 1 presentation-.
Ground-corrected altitude-based remapped satellite imagery is more suitable for this application because, since no tilting of the imagery is
performed, the earth-location of remapped image
pixels is accurate and straightforward.

Within the field of meteorology, we must
continue to seek new ways of utilizing modern
computer technology, in addition to numerical
weather prediction, to enhance the operational
forecaster's ability to ascertain the state of
the atmosphere in a timely manner. Other scientific fields continue to respond to the needs of
their end users in this vein. As an example, the
medical profession continues to be a leader in
bringing together applied research and computerbased image processing techniques to improve
diagnostic capabilities (Wolff, 1988). Groundcorrected altitude-based remapped satellite
imagery was designed to take full advantage of
existing data sources, and with the aid of
computer processing, produce a product that would
be helpful in an operational weather forecasting
environment. The requirement for weather forecasters to have consistent data products
available 24 hours a day precludes the utilization of visible imagery in the cloud-top height
assignment process (Mosher, 1976). Therefore, we
have concentrated on fully utilizing and combining non-satellite data with GOES llum IR
imagery to accomplish the necessary task of
providing an enhanced tool the forecaster can
actually put to use in the field.

Knowledge of cloud deck thickness, especially low level stratus/fog decks, often plays a
key role in temperature forecasting. If the deck
is thick enough, solar insolation may not "burn
off the stratus/fog and the 1ack of sunshine
will wreak havoc on the high temperature forecast. In addition, fog and stratus that dissipate at different rates, based upon the thickness
of the cloud deck across a region that is convectively unstable, may leave behind subtle temperature discontinuities that will provide the
focus for initial thunderstorm development later
in the day (Purdom and Gurka, 1974). Coupled
with the SA observation network, ground-corrected
altitude-based remapped satellite imagery can
provide accurate cloud-top altitude information
that will allow the calculation of stratiform
cloud deck thicknesses.
11

Another application of ground-corrected
altitude-based remapped satellite imagery is to
supplement conventional radar data. This is
especially valuable in areas that are distant
from existing radar sites, or in mountainous
regions, where terrain-induced effects can render
radar data meaningless.
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1.

Following the successful execution of
each of these test scripts, test
reports are published.

INTRODUCTION

The Man-computer Interactive Data
Access System (McIDAS) is a large
mainframe based meteorology
data access system used in support of
the National Aeronautical and Space
Administration's (NASA) Space Shuttle
Program. Under the Space
Transportation Systems Operations
Contract (STSOC), the UNISYS Space
Weather Systems section (SWS) is
charged with configuration control of
the software on the Johnson Space
Center (JSC) Meteorological
Interactive Data Display System
(MIDDS). As part of this process,
extensive regression t~sting is
performed on the University of
Wisconsin's Space Science and
Engineering Center's (SSEC) McIDAS
core software, Unisys-developed core
peripheral software, and modified core
software for the Spaceflight
Meteorology Group (SMG) at JSC.

In order to reduce the amount of
time spent in regression testing,
reduce user fatigue, and eliminate
syntax errors from command line
entries, SWS has developed a
semi-automated testing program. The
program described herein allows McIDAS
users to decrease down-time during
software builds and to quickly
identify software problems through the
use of pre-defined, site-specific
regression tests.
2.

SOFTWARE DESCRIPTION

The AUTOTST program was written
in FORTRAN and compiled with the
Microsoft FORTRAN 77 compiler, version
5.0. The platform used to develop
this program was an IBM PS/2, model 80
operating under the IBM OS/2, version
1.2 Extended Edition. Since the
program operates in conjunction with
an active PC-McIDAS session, the
hardware requirements are set by the
PC-McIDAS system.

McIDAS is a relatively userfri endly system which accepts all
interactive commands from a command
line at the base of a workstation
screen. This design is quite
efficient for general use. However,
during periods when extensive testing
is required, this approach lends
itself to error and is extremely
time-consuming. Executing extended
test scripts can become repetitively
boring to a point that individual
commands are difficult to complete
without syntax errors. Depending on
the application, many of these
commands require as many as onehundred fifty keystrokes per test.

2.1

User Interface

User control of the program is
provided by an interactive, multiplelevel, menu-driven interface and input
prompt design. The multiple-level
menu structure is achieved using
standard FORTRAN I/O operations on
external text files. The menu files
are stored as ASCII members in a subdirectory under the McIDAS main
directory. This approach was selected
over the SSEC Large Word (LW) file
structure to facilitate making menu
configuration changes quickly, thus
enabling users to execute new menu
configurations with a minimum of
effort. Each menu file is divided
into two parts: menu text echoed to
the workstation screen, and the names
of external data files corresponding
to the menu selections. Figure 1
shows an example of a typical menu
file used by the AUTOTST program.
The ENDMENU and ENDDATA keywords in
Figure 1 serve as the end-ofinformat ion and end-of-file
delimiters, respectively.

In addition to the contractual
obligation for testing, SWS is
required to provide written test
documentation before a software system
can be released on-line as
operational. The current regression
test baseline consists of eleven tests
pertaining to data availability,
graphics, networking and analysis.
These test scripts total approximately
4,000 keystrokes comprising over 410
workstation commands. During each
software release, these test scripts
are executed to ensure that the new
system performs as expected.
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2.2

MID DS II / J SC SEMI -AU TOMATED REGRESSION T ESTING PR OG RAM

Graphics and Text Displays

AUTOTST

The AUTOTST program takes
advantage of the full screen and
scrolling displays provided in the
core PC-McIDAS system. The display
depends on the type of information
being returned to the workstation
after the pre-defined commands have
been executed. Switching between
display screens is performed
automatically after completion of
command execution or by responding to'
continuation prompts on the
workstation command line.

A. Exi t AUTOTST . •• . .•. . ....•••. . • Re tu r n to th e OS/2 ~n v i r onm e nt
B. Pre- Load Gra phi cs •••.. • .•..... Load I mages/ Gr a ph ics wi thout Prom pt s
C. Pr og ramme r' s Test s .. . ......... Uni t a nd Int eg r a t e d Tes ts
0.
E.
F.
G.
H.

Do c um enta ti on Me nu • •••••••••••
Configuration Me nu • . . .• • . •.•. .
STSOC Regr es s ion Men u • •••• • • • •
AUTOTST He lp Me nu • ••••• . • . • . ••
SSEC Regre s s i on Me nu •••• • •••• •

Do c u ment a tion Opti ons f'te nu
Confi g ura tion Option s Me nu
MIODS Reg re ssi on Tests Menu
AUTOTST Un -L i n e He lp Fil es
SSEC Upda t e T es t s Menu

l::NUMENU
STSOC .Mt::N
HELP . MEN
SSEC . 11EN
ENDUA TA

Fig. 1.

A typical menu file used by
the AUTOTST program.

The menus, interactive prompts,
and messages are displayed on the
third full screen window (window
seven), while all text information
resulting from command execution is
redirected to scrolling window one.
Whenever graphics/image commands are
executed, a message is displayed on
the full (menu display) screen
instructing the user to switch to the
graphics frame environment to verify
the results. Once the program
returns to the full screen display,
the user is prompted to indicate
whether or not the command execution
was successful. If the test was
unsuccessful, the user will be
prompted and may enter comments
pertaining to the command failure.

Several pre-defined options are
included in the AUTOTST main menu.
These include program configuration,
result log format, on-line help, nonprompted graphics/image loading , and
file name input for special test
script files not included in the
program's multiple-level menu
structure. The remaining main menu
entry points are available for site
dependent configuration with respect
to second-level menu selections.
The second-level menus are used
to divide major test scripts into
smaller categories. This method
allows site dependent test script
customization. Figure 2 shows the
second-level menu expansion of the
STSOC regression test menu shown in
Figure 1 (option F). In Figure 2, the
second-level menu selections
correspond to file pointers for test
scripts under the classification of
STSOC regression tests. Using this
method of organization, editing test
scripts for periodic updates is
minimal.

SOURCE CODE MODIFICATIONS

3.1

Keyboard Handler

In order to suspend the AUTOTST
program until text information is
verified on the scrolling window
display, a duplicate keyboard handler
with minor code modifications and LW
controller file were implemented on the
PS/2 workstation. The modification in
the keyboard handler recognizes a
keyboard entry of "C" as a return code
and switches to the full screen window
where the program continues executing
commands in the test script .

FIRST LE VEL MENU SELECTION
OPTION F
STSOC
TESTS

3.

SECOND LE VEL MENU OPTION S

This interactive input approach
was selected to avoid manipulating the
multiple threads of execution between
the PC-McIDAS parent thread and child
processes. This approach allows for
interact i ve input to be accomplished
using the original child subtree and
asynchronous pipes and file handles in
the PC-McIDAS system.

Fig. 2.

Activation of the modified
keyboard handler is achieved by using
environment strings. This method for
environment configuration is
customarily used when unique execution
environments are required (Letwin
1988) . The use of environment
strings is an efficient method of

Second level menu expansion
of option F in Figure 1.
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establishing controlled environments
or modes. Further discussion of the
environment strings is given below in
the Environment Consideration Section.

software engineering principles
dictate that operational software
should be of the same version without
unique modifications.

The LW controller file is used to
store execution suspension codes for
the AUTOTST program. When a command
is executed in either Mainframe or
Stand-Alone mode, the LW controller is
updated with a control flag indicating
command execution is in progress or
user response has not been received.
At this point, the program remains as
a background operation until periodic
checking of the LW control file
detects a suspension disable flag.
The enable and disable suspension
flags are updated by the AUTOTST and
modified keyboard handler execution
threads, respectively.

To achieve a dual operational
environment, environment strings are
used. These strings are activated in
the front-end batch operation file
which starts the PC-McIDAS sessions.
The environment string sets the subdirectory search path such that either
development executable or operational
executable files are used.

The LW controller suspension
technique is used for both Mainframe
and Stand-Alone applications. Using
this method for switching between a
background and foreground mode
allows for the normal use of keyboard
controls and command entry.

PATH=C:\MCIDAS\CODE;

3.2

Using this technique, executable
files with the same file names may be
used without adversely affecting or
overwriting SSEC executables. An
example of the environment strings
used by SWS are shown by

for an operational (SSEC provided)
search path and
PATH=C:\MCIDAS\DEVEL\;C:\MCIDAS\CODE;
for development search paths.
Configuring the PC-McIDAS system for a
dual environment is quickly achieved
when PC-McIDAS startup selections are
placed in the OS/2 Presentation
Manager Facility using the Program
option. By selecting the desired mode
of operation, the correct environment
strings are accessed and sub-directory
search paths are set automatically.

Message Output

In addition to the keyboard
handler, a duplicate version of the
"SDEST" output routine was modified
to display user instructions to the
text window display. This routine was
built into the system as a callable
FORTRAN subroutine. The routine is
accessed through development
supplemental object code libraries
during the linking phase of the main
program.
4.

5.

TEST SCRIPT FORMAT

AUTOTST was designed using a
table-driven approach; the program's
execution paths are controlled by
"smart" datasets. The program was
designed in this manner to avoid the
need to modify code to change test
script conditions. Figure 3 shows a
typical dataset used to run AUTOTST.

ENVIRONMENT CONSIDERATIONS

The Unisys SWS currently uses
two modes of operation for both McIDAS
mainframe and workstation software.
The operational mode includes the most
recent core software releases from
SSEC and approved Unisys and SMG
developed software. This environment
is strictly controlled under CM rules
and used during Space Shuttle flights
and training exercises. The
development environment, on the other
hand, is flexible, allowing the use of
development tools to facilitate
software productivity and testing.
The AUTOTST program was designed to
operate only in a development mode.

<Tit le of test script entered here>
FIELD 1: Time substitution If active <"=active>
HHMM=HH:MM Format I HHMMSS=HH:MM: SS Format
FIELD 2: Date substitution if active <"=active>
JDATE=YYDDD Format I CCDATE=YYhM>D Format
FIELD 3: Indicates command is an extension of the previous
command (increments counter for document gen . )
FIELD 4: Indicates a command
<"=active command>
FIELD 5: Indicates a graphics/image command
<"=active command>
<b 1ank for text command>
FIELD 6 : Indicates a comment which should be displayed on
workstation screen
FIELD 7: If active, disables command edit for DEV=NNN
If blank, enables com111and editing
FIELDS 8-256: Mcidas command to be executed
12345678
••• MAP WV GRAs 1
TWRJ PLOT t.l)F= 120 TIME=HIMI
MAP USA GRA=3
MAP GA GRA=4
DMAP OUT

The distinction between
environments or modes is important
since the modified keyboard handler is
necessary for the interactive
responses and suspension operations
used in AUTOTST. Even though the code
modifications do not have an adverse
effect on the PC-McIDAS system,

F

ENODATA

Fig. 3.
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A typical dataset used by
the AUTOTST program.

The top portion of each dataset
contains an explanation of the control
codes for the program's execution.
Following the explanation, the McIDAS
workstation commands and corresponding
control codes are entered one command
per 256 byte input card. As in the
menu files, an ENDDATA is required as
the end-of-file delimiter.
5.1

5.2

To avoid the necessity of
periodically editing datasets, several
automatic substitution options are
provided in the dataset control codes.
These options are used if either a
time or date is required in the
command. -When the program detects
an "active" date substitution control
flag, the McIDAS command is scanned
for a keyword. The keywords are JDATE
and CCDATE for the Julian date (YYDDD)
and conventional date (YYMMDD)
substitutions, respectively. When
located, the current date is
substituted for the keyword prior
to execution. Similarly, the current
time can also be substituted in a
McIDAS command. The keywords for time
substitution are HHMM or HHMMSS,
which substitute the current GMT time
in the HHMM or HHMMSS formats,
respectively.

Dataset Control Codes

Table 1 gives a detailed
explanation of each of the control
codes used in the AUTOTST datasets.
Each McIDAS command has a maximum of
seven control codes per command.
These codes are flagged as either
active or inactive using a star
(SHIFT-8) or a blank, respectively.
As mentioned earlier, the control
codes direct the execution logic path
for the AUTOTST program. The range of
control code instructions was
minimized to prevent confusion when
creating or editing datasets. This
was elected to avoid confusion when
creating or editing datasets. Yet the
control code functions provided enough
flexibility and diversity to reduce
time and effort required for extended
testing.

5.3

Output Environment Editing

Since the AUTOTST program has
been designed to operate in either the
first scrolling window or the seventh
full screen window, several command
line options are necessary for output
redirection.
Whenever graphics/image commands
are entered, the desired graphics
frame should be specified with the
command using the GRA=<number>
keyword. This ensures the proper
redirection of the output in the
graphics environment. Since all text
information is redirected to the first
scrolling window, the TWIN=! keyword
is appended to each non-graphics
command prior to execution.

Code/Field 1
Operation : Tinie substitution (auto111atic co111111and editing)
if active, substitutes the current GMT time in
a comcnand string .
Keywords: TIME•lflMltl
for HH:MM format
TIME•HHt.NSS for HH:MM: SS format
Code/Field 2
Operation : Date substitutton, (automatic co111111and edtttng)
tf active, substttutes the current date tn a
c0111111and strtng.
Keywords: DATE=JDATE for YYOOD format
DATE=CCDATE for YYIM>D for111at
Code/Field 3
Operat ton: Indicates the c0111111and ts an ex tens ton of the
previous command. This code is for
docu111entatton purposes only.

The PC-McIDAS system defaults all
application information strings to the
base or scrolling window zero. To
avoid the command line information
notices at the base of the workstation
display, all application messages are
suspended by appending the DEV=NNN
keyword to each command. If
application information is desired,
then the seventh control code may be
activated, disabling the message
appending process.

Code/Field 4
Operation: Indicates the string as a com111and which should
be executed. Thts flag Informs the program to
tncre111ent the cOt11111and counter and execute the
command.
Code/Field 5
Operat ton: Indicates the command ts a graphics/image
command. llhen 111atnfra111e testing is being
performed, this co111111and infor111s the progra111 to
release graphics/t111age buffers prior to the end
of the program. In both Stand-Alone and
Matnfra111e applications, this control code
instructs the progra111 which c011111ents/11e!;sages
should be displayed .
Code/Field 6
Operation: Indicates that the string should be echoed to
the workstation screen . This control code ts
useful when interactive commands must be entered
based on a previous command's output. The next
c0111111and to be executed following this active
control code wl ll be from user input and not the
test script.

6.

USING THE SOFTWARE

The program was designed to run
as a McIDAS workstation command
operating in either Stand-Alone or
Mainframe mode. The program is
activated by entering AUTOTST from the
command line. PC-McIDAS automatically
moves to the seventh full screen
window when the main menu appears on
the workstation monitor. At this
point, if mainframe testing is

Code/Field 7
Operation: If active, this control code will instruct the
program that the DEV=NNN should "not" be
appended to the c0111111and . This control code is
useful when error messages or user instructions
are being tested or desired .
Code/Fields 8-256
Operation: Character string containing the MclDAS co111111and.

Table 1.

Automatic Command Editing

Detailed explanation of
dataset control codes.
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automatic document generation feature
in AUTOTST provided a means of
reducing the time spent on test
documentation by as much as 50
percent.

desired, the mode of operation must be
set, otherwise the program will
default to a Stand-Alone mode. If an
execution log is desired, then the
documentation option must be selected
at this time. This selection will
display a second-level menu, prompting
the user for information pertaining to
the test script about to be performed.

The benefits of this semiautomated testing program will be to
reduce significantly the amount of
time required during regression
testing, to eliminate user input
errors for command line entries,
to generate test script reports
automatically, and to provide a friendly
environment in which non-programming
personnel can conduct testing.
Designed strictly for regression
testing, this program has already been
expanded beyond its original design
scope; it is now being used to
efficiently perform integrated and
unit testing of new software projects
and as a training tool for new
software engineers working on the
MIDDS.

Once the operational and
documentation options have been set,
the user may select an option from the
main menu. These options are site
dependent; each site using the
software may configure the system in a
manner which best suits its needs.
The main menu contains up to twenty
entry options. Each of these twenty
options has an additional twenty-six
second-level menu options available.
This provides 520 pre-defined test
scripts which may be accessed from the
main and secondary menus.
A user defined option is provided
on the main menu which allows users to
specify the name of a test script file
not included in the AUTOTST menu
structure. If selected, this option
prompts the user for the name of the
desired test file. Using this feature
removes the limitation of the number
of test scripts which may be used with
the program.
7.

8.
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CONCLUSIONS

At the time this paper was
written, the AUTOTST program was
undergoing tests to determine the
amount of time it could save.
Preliminary tests showed time savings
for graphics/image testing to be
significant. During the testing phase
on a major software project, test
scripts were written and executed
using the non-prompted loading option.
Using this option, lengthy test scripts
were executed during periods of low
system activity, such as during lunchtime
or at night. The resulting
graphics/images were either directed
to graphics frames or virtual graphics
memory and retrieved using the
workstation in Stand-Alone mode. This
significantly reduced the amount of
time spent at the workstation awaiting
command execution.

9.

REFERENCES

Letwin, G., 1988, Inside OS/2,
Microsoft Press, p. 62.

In addition to reducing the
amount of time spent at the
workstation, documentation can be
automatically produced as each command
completes execution. Prior to the
AUTOTST program, regression testing
reports were typed using a standard
format. This technique for test
documentation was extremely timeconsuming and required that the same
information be handled at least twice
(assuming no errors were found). The
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7.9
PERFORMANCE EVALUATION OF A HEURISTICALLY DRIVEN
MESOSCALE DATA FUSION SYSTEM
Gary McWilliams and Stephen Kirby
U.S. Army Atmospheric Sciences Laboratory
White Sands Missile Range, New Mexico 88002-5501

1.

on, the self-test system hourly samples the
stations within the region of interest. At
each station S, it executes Mercury's analysis
subsystem which calculates a set of data
values for S using all available data except
the data at S.
Next it writes to a log the
difference between the observed value and the
value calculated.
Thus the self-test system
allows for analysis of incoming data without
any user intervention.
This system also
allows the user to conveniently turn off
specified observation stations to determine
how well the analysis system performs under
degraded data input conditions.

INTRODUCTION

A heuristically driven mesoscale data
fusion system called Mercury (Fields, 1990)
has undergone a preliminary evaluation.
This
initial evaluation has provided (1) a formal
methodology which automates and proceduralizes
many of the evaluation activities and (2)
benchmark performance values which will be
used to guide Mercury's future development.
The evaluation was conducted using surface
data from the Los Angeles Basin and White
Sands Missile Range regions.
2.

BACKGROUND

The self-test software is able to perform
standard statistical tests on the data, report
the results by parameter in either a composite
format or in a format stratified by time or
station location, and archive all test data
and results.
When instructed, this software
will also archive all complimentary data such
as SOO-millibar heights associated with a
particular test period.

Mercury's primary mission is to improve
upon standard objective analysis techniques by
using rules which make adjustments in the
data to account for the nonlinearities
introduced into the atmospheric flow by
terrain and land-use features (McWilliams et
al., 1990). These adjustments are implemented
by f i r s t selecting those data from
observations which are deemed most
representative of the grid point location.
The degree of representativeness is currently
based upon consideration of the age of the
data, the distance between the observation and
grid points, and the similarities in terrain
and land-use features surrounding the
observation and grid points.
Next the
selected data are corrected for any possible
effects which can be attributed to such things
as elevation differences.
Finally the
selected data are subjected to Mercury's
resident objective analysis routine which
outputs the data for the grid point(s) in
question.
Typically Mercury's output is a
uniform 2-D grid of data for the entire region
of interest.

3.

3.2

Another feature created specifically for
the performance evaluation is an explanatory
facility. This facility provides a compact
listing of information on how Mercury's
analysis system calculates values for
parameters at user specified grid points. A
listing will show the sequence of executed
rules and which data the rules selected in
calculating values at specified grid points.
For example, one can discern where
temperature/pressure adjustments were made for
a point due to elevation differences between
it and the representative points from which
the meteorological variables were estimated.
3.3

METHOD

Test Areas

The two areas chosen as data sources for
the performance evaluation were
the Los
Angeles Basin and White Sands Missile Range
regions.

The evaluation procedure required the
development and implementation of two software
modules and the selection of two test regions
capable of providing a significant challenge
to Mercury's analysis system. The evaluation
software as well as the test regions, test
data and the general evaluation procedures are
outlined below.
3.1

Explanatory Module

The Los Angeles area was an attractive
choice because of its complex terrain (nearby
mountains) and its great diversity of land-use
types--urban, forest, etc., as well as the
nearby seacoast. In addition, a large dataset
taken during the Los Angeles BASIN (Basic
Studies on Airflow, Smog, and the Inversion)
project (Wurte le and Wakimo to, 19 8 4) was
readily available. Furthermore, there are 25
regularly reporting stations within the Los
Angeles Basin area.
Lastly, this area

Self-test Module

The self-test system was constructed as a
module within MERCURY to simplify the testing
procedure. This simplification was necessary
given that each test region contains over 20
stations reporting hourly data. Once turned
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4.
approximates the dimensions of an Army corps
echelon and so the scales of meteorology
involved would be of the greatest interest to
the Army.

The results are summarized in Table 1.
The figures represent the percent improvement
achieved by using the objective analysis code
with rule-based adjustments in relation to
using objective analysis with no adjustments .
The improvements are quite significant and
provide an indication that the analysis
technique is performing as intended.
The
somewhat limited (5 percent) improvement in
the White Sands dew point temperature may be
attributed to the use of data from dew point
sensors which were not calibrated for
extremely low dew points.
It is encouraging
that these results were obtained by using
identical code for both test regions.
Code
transferability is an important design
criterion in Mercury's development.

The White Sands Missile Range region was
appealing because of its complex terrain, the
availability of data from a 21-station surface
station mesonet, the inherent familiarity
associated with use of a local dataset, and
the availability of a high density upper air
observation network to be used for future
evaluation efforts.
3.4

Test Data

The evaluation focused on examining
Mercury's performance in calculating the
ambient temperature and dew point temperature
because the vast majority of Mercury's
approximately SO rules are geared towards
temperature and dew point adjustments.

TABLE 1.

For the Los Angeles Basin region, the
time periods chosen for analysis were 14-18
May 1990, 18-22 June 1990, and 16-18 July
1990. These periods were selected based on
the fact that they represented a transition
from deep troughing to moderate ridging and
thus could possibly offer some insight into
how Mercury's performance is affected by the
degree of synoptic forcing.

PERCENT
DEVIATION

Location
Los Angeles
White Sands

IMPROVEMENT

IN MEAN

Temperature
Ambient
Dew Point
20
24

40
5

Tests were run which showed that the
rule-based adjustments provided for a more
graceful degradation of the results as the
input data progressively decreased.

For the White Sands Missile Range region,
the time periods chosen for analysis were 9-13
April 1990 and 16-19 April 1990.
The
selection of these periods was based entirely
on the fact that the data during this time had
been appropriately edited and formatted for
Me~cury's immediate ingestion.
3.5

RESULTS AND DISCUSSION

The test results from the three time
periods in the Los Angeles dataset were
reviewed to determine if the degree of
synoptic forcing in the atmosphere had any
effect on the results.
No discernible
differences were detected .
However, the
limited size of the test dataset prevents any
conclusive statement .

Test Procedures

5.

The major paradigm used for the
evaluation was a comparison between two
techniques for calculating grid point values.
The first technique was implemented by having
Mercury totally rely on its linear objective
analysis scheme for calculating grid point
values. The second technique was implemented
by having Mercury calculate the grid point
values by using its objective analysis scheme
in conjunction with its rule-based
adjustments. The desired result was that the
technique using the rule-based adjustments
perform better than the technique without the
adjustments.

CONCLUSIONS

This initial test of the Mercury system
illustrates how a heuristically driven
software module can outperform objective
analysis alone. Significant improvements were
demonstrated in temperature and dew point
temperature estimation.
The evaluation
procedure developed for this analysis has
proven to be a valuable tool in examining the
validity of the heuristics and will become an
integral part of Mercury's development cycle.
Future work on Mercury will include making
upper air and satellite data available to
Mercury's analysis subsystem and complementing
these data with new heuristics to aid in the
integration of this information into a threedimensional data. Other upcoming efforts will
focus on the application of genetic algorithms
which can optimize various parameterizations
within Mercury (such as sea breeze front
penetration) by converging to values which
minimize the error. Thus genetic algorithms
and the self-test module can cooperatively
furnish a means for enhancing Mercury's
ability to yield more accurate results under
varying synoptic, terrain and land-use
regimes.

The evaluation was carried out by having
the self-test system calculate the mean
deviation o~curring between the observed
values and the values obtained from the two
techniques just described.
Mercury's
performance under degraded conditions was also
simulated by progressively removing more
stations for each test. The transferability
of the code was examined by comparing the
results from the Los Angeles Basin and White
Sands Missile Range datasets.
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1.

INTRODUCTION

precursor levels and from predicted
meteorological conditions. In addition to this
report, we had extensive discussions with the
individuals who had been making the ozone
forecasts, to determine what elements they felt
were of importance. Ultimately, the information
from Pollack, et al. (1988), the subjective
information obtained from the NJDEP scientists,
and information from published literature was
used to develop a set of screening criteria for
identifying days with potentially high
concentrations, and a set of regression equations
for estimating concentrations on those days. For
each of the 15 locations for which forecasts are
prepared, and for each of the five months of the
ozone season, the regression coefficients and the
values of the criteria are stored in a lookup
table for use by the programs.

The New Jersey Department of Environmental
Protection (NJDEP) provides ozone health
advisories and ozone forecasts to inform the
public of existing or imminent health threats due
to high ozone concentrations. Traditionally,
these forecasts had been made subjectively, once
per day, on a seven day per week basis. Concern
had been expressed about the accuracy, and hence
the utility, of these forecasts. Indeed,
forecasts of ozone concentrations are exceedingly
difficult to make because the concentrations
depend in a complex way on past, present and
future values of a wide range of meteorological
variables and on concentrations of other air
pollutants ("precursors"). Furthermore, the
individuals who make the forecasts do not come to
the office on weekends and holidays, and
therefore are cut off from much of the necessary
data on those days.

3.

The computer used for the ozone forecasting
system is an AT&T 3B2/310 computer, located at
the Department of Meteorology and Physical
Oceanography at Rutgers University. The 3B2 runs
UNIX System V, and supports a multi-user, multitasking system. The computer is configured with
a total of ten RS-232 ports. Allocation of the
ports is shown in Table 1. In addition to being
used for ozone forecasting, the computer is
simultaneously used for a variety of other
purposes.

The purpose of this project has been to
automate, to the greatest extent possible, the
process of producing ozone 'forecasts for the
State of New Jersey. We felt that this function
was one where great advantages could be achieved
through computerization. The computer would be
able, systematically, to sift through the wide
range of data, and effortlessly integrate it to
create a forecast.
2.

COMPUTER SYSTEM

SOURCES OF INFORMATION ABOUT OZONE
FORECASTING

Table i'
Allocation of RS-232 Ports on the 3B2/310 Computer

Several years ago, NJDEP funded a study to
analyze ozone levels in the area, with a view to
providing information that would be useful for
developing control strategies. The contractor's
report (Pollack, et al., 1988) provides an
extensive analysis of conditions that
historically have led to high ozone
concentrations. The authors of the report also
provided some recommendations as to how ozone
predictions might be made from existing ozone and

Port
Nurrber
1
2
3
4
5
6
7
8
9
10
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Usage
System Operator's Terminal
PrograITTTier's Terminal
CoITTTiunication with Intelligent Uninterruptible Power Supply
Hardwi red Input from FAA 604 Weather Circuit
Hardwired Input from NOAA Domestic-Plus Weather Circuit
Modem for Outgoing Cal ls to Remote Data Sources
Modem for Incoming Cal ls from Users
(Reserved for other Projects)
(Reserved for other Projects)
(Reserved for other Projects)

4.

DATA SOURCES

Table 2

A listing of meteorological data needed for
the ozone forecasts is shown in Table 2. As
shown in the table, there are four separate data
sources: the FAA 604 weather circuit, NOAA's
Domestic Plus circuit, and NJDEP's meteorological
and air quality databases. Data from the first
two sources are received routinely by satellite
at the Department of Meteorology and Physical
Oceanography at Rutgers University, to serve the
Department's teaching and research needs. These
data are routed via hardwire links from the
satellite receiver to RS-232 ports on the AT&T
3B2/310 computer , located in the same building.
Data from NJDEP are acquired automatically by
telephone, using a communications script written
with the aid of TERM 1 communications software.

Meteorological Data Required
for the Ozone Forecasting System
DATA RECEIVED AT RUTGERS UNIVERSITY

VfATHE FAA

604~ciRCUI T

Hourly surface observations made at
National Weather Service sites:
T~rature
Precipitation Occurrence
Wind Speed
Wind Direction
6- and 24-hourly Precipitation Totals

!~-~~j~~~~~!~ ~~i~:t!~s~
500 millibar wind speeds
850 mill iber tenperatures

NMC LFM Model output Statistics CLFM MOS)
for Newark, N.J. and Philadelphia, Pa_:
Wind Speed
Maxirrun T~rature

Figure 1 is a flow chart that shows the
major elements of the data processing system.
Data received via the FAA 604 weather circuit are
preprocessed in the computer using software
developed for thi s purpose at St. Louis
University. The software creates separate
chronologically-oriented files for surface
observations , surface forecasts, upper-air
observations, and upper-air forecasts, each file
holding one calendar day's worth of data. This
pre-sorting of the data really is not necessary
for the present purpose, but was already in place
before the project began, and thus was
incorporated. The precise items of information

Wi nd Direction

DATA RECEIVED AT RUTGERS UNIVERSITY

iiTATHE NOAA D<iiES1'TC-PLUS CIRCUIT

NMC NGM Model OUtput Statistics CNGM MOS)
for Newark , N.J. and Philadelphia, Pa.:
Wind Speed
Maxirrun T~rature

Wind Direction
Precipitation Probability

DATA RECEIVED VIA TELEPHONE FR!Jol

T'l!rNJMJ>liln'E~L~TABA'S'E

Hourly observations made at
NJDEP automated observing stations:
Wind Speed
T~rature

Wind Direction
Solar Radiation

DATA RECEIVED VIA TELEPHONE FR!Jol
'fiiENJDEP AIR CiiAUTY DATABAse-

1 Century Software, 5284 South 320 West,
Suite C294, Salt Lake City, UT 84107

Maxirrun ozone concentration ciJril'l!1 the
last 24 hours at 15 NJDEP monitor1ng sites.
Maxinun NO and NO concentrations ciJring the
last 24 hours at 9 NJDEP monitoring sites.

Data Captur•

Coar•• Input.

Dtta litraotiun
and v.r1r1oat1on

ll:etln•d I nput

-~~~~-~~~~~~-- ---~~~~~~-- --~~~~-~~~~-- ---~~~~~~~----- --~~~~-~~~~~---

I....
St. Louh
University
O.to
Capture
Prognn•

chk.f

Pro1r11111 tor'
htraotln1
.Der i ved Da ta

Derived Input
Data FUH

For ao1s t ln1 and
Varlrl oatl o n
Prograaia

Output Files

Pr ogra1u ror
r: 1traotln1
Derive d Data

Derh••l .:>utput
D•t• Files

--------------- --------------- ------------- - ----------

t'.
o3forec11t

1-------"------~

.f

Fig. 1. Flow diagram showing the mai n fe at ures of the computati onal portion of the ozone forecasting
system. References to M, Ml, M2 , and M3 indica t e that the particul ar file is accessible for viewing
thr ough either the main menu or one of t hr ee suh- menus respectively.
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needed to create the ozone forecasts are
extracted from each file with the aid of a UNI X
shell script that efficiently searches for a
character string found to be unique to the
desired item ( usually the header, station name ,
and/ or time), and extracts the appropr iate lines
of data preceding and / or following the string
when it is found .

FO
KWBC FCSTS
EWR E
EWR E
POP06
POP12
QPF06
000/ 1
QPF12
TSTM
MN/MX
TEMP
79 80 76 72
DEWPT 63 62 63 63
WIND
2706
2506
CLOS 04 33/3 3411 / 2
CIG
0004 24 000 109
VIS
0000 09 000019
C/V
5/ 6
6/ 6
OBVIS 91 00 / 1 9 100/ 1

Only a few items of information are needed
from the NOAA Domestic Plus Circuit. These are
obtained "on the fly" by a UNIX shell script that
begins checking character strings received
through the port shortly before the items are
scheduled to be received, and stops searching
once they are found .

000/1

2
5
000/1
0000/1

000/ 1

5
69 67
63 62
2805
52 12/1
000018
00 1117
6 /6
71 X2/1

65
68 75
61 62
0 106
3313 /2
000118
0022 25
6/ 5
53X3/2

80 80
62 62
0606
2521/2
000117
0001 18
6/6
82X0/ 1

5
5
000/ 1
0000/ 1
10
82
75 7 1
62 62
1305
2521 /2
0000 18
0011 17
6/6
72X1/ 1

10
OOO

68 66
62 62
1805
5212 / 1
001 117
00 111 6
6/6
61X 2/ 1

0000/ 1
9
64
6 7 74
62 62
1304
33 12/ 2
0 111 07
003 223
6/ 4
33X4 /2

81

Fig . 2 . Examp l e of model output stat ist i cs ( MOS )
data as r e c e i ved via the FAA 604 weath e r circuit .
The var i o u s co l umns give forecasts for d iffer e nt
time peri o d s.

To acquire the air quality data, the
computer's scheduler is programmed to initiate a
telephone call, at a predetermined time, to
NJDEP's air quality database, which resides on a
VAX 11/780 computer in Trenton, N.J. If no
connection is established, the computer keeps
trying until it is successful. When the
connection is established, our computer logs on
to theirs, requests the appropriate data,
downloads the information, and then hangs up.

6.

TREATMENT OF MISSING DATA

When a system requires as many kinds of data
input as is the case here, there often will be
missing information. This can arise because of
late or missing transmissions, line problems,
reception problems, or because errors were
recognized in the data that were received. One
technique was to replace the missing item with a
standard value that was not extreme, but of a
magnitude that, when taken together with other
parameters favorable to high ozone levels, could
produce high ozone values. This assured that the
missing parameter would neither preclude a
forecast of high concentrations nor cause one to
made inadvertently.

In each of the above cases, the collected
data are placed in a special file that holds only
that particular data type, replacing the earlier
information that is already there.
5.

1015 08

ERROR CHECKING OF DATA

In a system that is supposed to function
automatically, there is an important need to
assure integrity of the data that are ingested.
A missing character in a data transmission, for
example, can cause a format change that in turn
can cause a wildly incorrect number to be stored
as a data value. One of the most challenging
aspects in development of the ozone forecasting
system has been the identification of erroneous
data.

7.

CREATION OF THE FORECASTS

Forecasts for each of 15 locations around
the state are created from the input data, after
missing data have been filled in and appropriate
corrections have been made. The surface
observing stations, upper-air stations, and NJDEP
air quality monitoring stations are not, in
general, co-located. For each forecast, the
computer separately interpolates each of the
parameters that is needed for the screening and
for the regression equation, using a subjective
interpolation between the observation sites that
takes account of the state's climatology and the
relative proximity of the various sites.

Most of the forecasts, air quality
observations, and upper-air data are received in
a format that is highly structured. If the data
are transmitted and received correctly, one
should expect to find highly predictable
groupings of numbers and/or alphabetic characters
surrounding the item that is to be extracted. To
minimize the chance that the incorrect row or
column of data is being read, a basic test that
we employ is to assure that these groupings are
as they should be. For example in reading the
Model Output Statistics (MOS) transmitted by the
National Meteorological Center (Figure 2) , the
data-checking routine assured that all the
identifying strings at the beginning of each row
were correct. If parts of the forecast were
garbled or missing, a standard data file was used
to mend those parts.

Pursuant to NJDEP's requirements, forecasts
are made each day at 8:30 a.m. and are not
updated until the following day at the same time .
A forecast is made for the afternoon of the day
on which it is created, and for the following
afternoon.
Without too much additional
complexity, the system could have been programmed
to periodically update the forecasts, but that
capability was not required here.

8.

ACCESS TO THE FORECASTS

The system is accessed on a dialup basis by
personnel of NJDEP. By means of a menu-driven
interface (Figure 3) , they are able to obtain not
only the ozone forecasts, but also the observed
and forecast data that were used to create them.

The format of the hourly surface
observations is not as predictable. These
observations were used primarily to capture 6and 24-hourly precipitation amounts, which are
appended to 6-hourly observations as a special
code group. We found that the precipitation code
group frequently is mis-coded by the weather
observers, probably because of the arcane coding
system that the National Weather Service employs.

9.

FORMAT OF THE FORECASTS

Forecasts made by the computer are issued in
a plain-language format, using standard text .
Via the menu, users of the f orecasts can select a
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I
In addition to obtaining the forecasts,
users are able to examine the files that contain
the raw input data. We consider this an
essential part of the forecasting system because
users seldom are willing to accept a number of
indeterminate origin that was calculated by a
computer.

swnmary of forecast ozone concentrations around
the state (Figure 4), or a detailed discussion of
the basis of the forecasts for individual
stations (Figure 5). The discussion, which is
created automatically by the computer, discusses
each input parameter separately, comparing its
magnitude to the critical value for the date and
for ecas t l oca tion in question .

10.
1
2
3
4
5
6

~
9
10
11
12
13
14
15

-

Read or send mail.
Today's ozone forecasts.
(Updated daily at 8:35 a.m.)
Tomorrow's ozone forecasts. (Updated daily at 8:35 a.m.)
Trajectory forecast for Laguardia Airport.
Trajectory forecast for Washington, DC.
LFM F<l.IS for La111:1ardia Airport.

-

LFM MOS for Philadelphia.
Surface weather observations for New Jersey stations.
Upper-air observations for stations in and near New Jersey.
The nunber of precipitation-free days at New Jersey stations.
Yes~erday~s observed ozone maxilft.lllS at New Jersey stations.
Verification of yesterday's forecast data at New Jersey stations.
Ex1 t system.

One of the advantages of a completely
automated forecasting system is that it
facilitates creation of a completely automated
verification system. Information about the
previous day's forecast is directly available to
the user via the menu system, thereby simplifying
the process of examining the forecast on the day
after it was made.
In addition, all of the
forecasts , and all of the input data used to
create them, automatically are archived in
tabular form by the computer (Figure 6), thereby
providing a readily-available data set that can
be used to upgrade the forecasts.

: t~= ~sf~~rN~!~~lphia.

Enter a main menu option nunber or
Then press return - - ->

11

0 11 to redisplay the main menu.

Fig. 3. Main menu that appears when a user logs
on to the ozone forecasting system.

1 - forecast 36 hours before 09/10/90
3 - rreasured en 09/10/90
Stn

---

BAY 81 78 83
CAM 82 81 85

128 R:b

Cslden
Clarlcsboro
Cl iffside Parle
Oiester
Flenirgtai
Mc:Q.ii re AFB
Mill vil le
Mam:lJth ca.nty College
Nacote Creek
Naerlc
North 81'U'6Wi ck
Plainfield
Rider College

No exceecin::e expected.

CHE
CLA
CL!
FLE

131R:J>

No exceecin::e expected.
No exceecin::e expected.
No exceecin::e expected.

134 R:J>
No eXC:eeden:e
No exceecin::e
No exceecin::e
No exceecin::e
No exceecin::e
No exceecin::e
135 R:b
No eXC:eeden:e

ICG

MIL
~

expected.
expected.
expected.
expected.
ecp!Cted.
ecp!Cted.

NAC
M
NBR
Pt.A

RlD

Dry Days

Ozcre

Ws500

Wssfc

81 78 83
82 81 85
81 78 83
820084
82 81 85
82 81 85
81 78 83
82 81 85
81 78 83
81 78 83
81 78 83
82 00 84

888 -w-w 62.
700 -w-w 54
888 -w-w 46
5 2 2 -w-w 54
888 -w-w 57
700 -w -w 40
5 3 3 -w-w 59
533 ·W-W 51
5 5 5 -w-w 59
6 1 1 -w-w 47
999 ·W-W 60
700 -w-w 56
888 -w-w 53
888 -w-w 43
988 -w-w 61

32
35
32
34
32
35
34
33
32
35
32
35
34
35
33

37
36
36
35
36
36
35
36
36
36
37
36
36
36
36

31
49
31
49
31
49
49
31
31
49
31
49
49
49
49

4
5
4
5
4
5
5
4
4
5
4
5
5
5
5

6
5
6
5
6
5
6
6
6
5
6
5
5
5
6

1

h850
2

1563
1558
1563
1561
1563
1559
1561
1562
1563
1560
1563
1560
1560
1560
1561

1567
1562
1566
1563
1566
1563
1564
1566
1567
1564
1567
1563
1564
1563
1564

Wir
1 2

3

-----------·-- ......................
1541
1398
1541
1398
1541
1398
1398
1541
1541
13<;6
1541
1398
1398
1398
1398

170
190
170
190
170
190
100
170
170
190
170
190
190
190
100

300
260
300
260
300
260
200
300
300
260
300
260
260
260
200

283
273
283
273
283
273
278
283
283
273
283
273
273
273
278

expected.

Fig. 6.
Screen display of archived data.
Information for each parameter consists of three
columns . The first and second columns are values
that were forecast for the time in question 36
and 12 hours in advance , respectively. The third
column is the actual observation for the date in
question.

Fig. 4 .
Example of a summary of state_ ozone
forecasts obtained when the user selects Summary
of Ozone Forecasts for the Entire State from the
Today's Ozone Forecasts sub-menu.

UAAAAAAAAAAAAAAAUUAAAAAAAAUUA:tAAAUAAUAAUAAUUAAAUU

* Newark

TE!!p

2 · forecast 12 hrurs before 09/10/90
-W - ro ozcne exceed<n:e was eiq:ected

123123
1 2 3 1 2 3 1 2 3
--------....................... . . ............. --------- ---------

ANC 82 81 85

&.lmBry of Todsy's Forecasts -- Created ai Tue, Sep 11, 1990, CS:27:19 AM

Ancora

~

VERIFICATION

-- Tue Sep 11

*************************Ast*****'*

1990 CS:27:19 N4

11.

*

Pollack, A. , T.E. Stockenius, J . L. Haney, T.S.
Stocking, J.L. Fieber, and M.
Moezzi, 1988:
Analysis of Historical Ozone Concentrations in
the Northeast.
Draft Final Report dated 28
September 1988. Systems Applications, Inc.,
San
Rafael, CA. SYSAPP-88/144.

* The forecast naxinun tmperat\.re of 82F is belcw the threshold value of 8BF.

* There WEIS

rain in the aree aily 1 ~s) ago. Ordinarily, hi!ti oza-e le.els
are not d:lser.!ed W'8'1 rain ocarred in the past 2 day(s).

* Yest~'s naxinun oza-e ccn:aitratiai of
the critical vall.e of tD R:J>.

56

R:b WEIS

less thai

* The 500 millibar wird speed is Z6 knots, ard therefore within the rll"V!
0-32 knots, that is ca-d.i:iw to hi!ti oza-e ccn:aitraticrs.
·
'
*The su-face wird speed todsy is forecast to be 6 miles per ho.r belcw
the naxinun al lcwble vall.e of 12. 1 mi Les per ho.r.
'

* ~~~r~L~tia;"~i~~e:,:.1569 neters,

REFERENCES

***'*****'**************

eq.el to or lboYe the mininun

* Todsy's forecast wird directiai is 60 ~.
nree of 100-Z60 degrees (llllaSU"ed clockwise).

rot within the allcwecl

::! ~~~i~t,.!ik~.to reach 125 R:b todsy becase a-e or rrore of the
Fig. 5 . Example of an ozone forecast produced by
the system for Newark, N.J. Had all the criteria
for high ozone concentrations been met, the last
line of the narrative would have contained a
prediction of the expected ozone concentration.
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NEW FEATIJRES IN GIMP.AK 5. 0

GIMP.AK 5.0 includes many corrections and
additions
to
earlier versions.
GIMP.AK 4.1
includes programs to list and plot surface and
upper air data.
The capability to convert one
set of meteorological parameters to another and
to interpolate to different vertical coordinate
systems are included in these programs.
An
objective
analysis
package uses the Barnes
technique to interpolate randCJDly spaced station
data to a regular grid. The grid programs are
used to list and display objectively analyzed
data and model results. These programs list and
plot data and draw- contours, wind
vectors,
stream.lines, and profiles. All of these programs
have access to an extensive grid diagnostics
package, v.b.ich allows the user to access not only
grids that are stored in a file, but to canpute
gr ids and vectors v.b.ich can be derived from the
stored quantities.

GIMP.AK is a General Meteorological Software
Package developed at NASA/Goddard Space Flight
Center (GSFC) to support the mesoscale research
program..
This system. includes a set of programs
for
displaying,
analyzing
and
integrating
meteorological
data
including
conventional
surface and sounding data, nx>del generated grids,
and satellite derived fields. The package has
also been used extensively by many universities
and research laboratories.
A joint NASA/~
project
to
use
GIMP.AK
at
the
National
Meteorological
Center
(~)
is
currently
underway.
GIMP.AK has been under developnent at GSFC
since 1980. GIMP.AK 4.1, canpleted in late 1988,
greatly expanded the capabilities of earlier
versions and vvas discussed in desJardins and
Petersen (1989). A new version, called GIMP.AK
5.0, has been canpleted in 1990.
Many new
features have been included in the new system..
In particular, the interaction with ~ has
encouraged the develop:nent of new software for
the analysis and display of model data.

The following list describes some of the new
features in GIMP.AK 5.0.
GENERALIZED GRID DI.AGIDSTICS:
The
grid
diagnostic
functions
have
been
generalized to make differential operators valid
for
grids
in
any
projection.
This
is
accanplished by using the general curvilinear
coordinate expressions and canputing map scale
factors for various map projections.

GIMP.AK vva s or i g i na lly deve 1oped on VAX
computers
running the VMS operating system..
Du.ring the last year, GIMP.AK has been transferred
to the Unix VJOrkstation environment. Both GSFC
and ».C have purchased these new VJOrksta t ions
with the anticipation that they will be the
principal tool for interactive data analysis in
the future.
At the same time, it has been
recognized that GIMP.AKIIJ.lst continue to run in
the VMS environment.

GRID moss SF.CTICN:
GIXROSS is a new program. v.b.ich dra"'WS a vertical
cross section between two points in a grid. Both
scalar
and
vector
quantities,
including
circulations, can be displayed.

This paper briefly reviews GIMP.AK 5.0 and
continues with a discussion of the transition to
Unix VJOrkstations . Finally, some examples and a
discussion of future plans are included.

M.JLTIPLE FILE INPUf 1D GRID PRCXJRA\1'S:
~re than one grid file can be used in
the
diagnostic
programs.
This
allows
comparisons between two different models.
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grid
easy

In the past, several institutions
have
ported GH&>.AK to workstations. However, this "\Vas
time consuming and had to be redone vmen a newversion of the software "\Vas delivered·.
The
decision to port the software at the developnent
site as well as provide installation instructions
"Wi 11 make it easier to upgrade to new- versions.
Since a ~ version is also available, the Unix
and~ versions have been kept
as similar as
possible in order to provide maintenance and
doc\.Ullenta t ion.

GRID PROFILE:
GDPROF has been extensively modified to produce
plots similar to the sounding profile program..
\Vinds can be plotted in the right
margin.
Potential
temperature,
equivalent
potential
temperature, and mixing ratio background lines
can be added to the plot.
A listing of the
quantity being profiled can also be obtained.
GRID PACKINJ:
Grid data can be packed using
schemes including GRIB.

several

different

TIME SERIES :
New- time series programs for surface, upper
and gridded data have been added.

The GH&>AK code is written entirely in
Fortran.
Prior to the delivery of GB\11?.AK 4.1,
the code vvas modified to adhere more closely to
the
standard
Fortran77
by eliminating VAX
extensions. Scxne exceptions were made, such as
the IX) WIILE construct, in order to provide
structured, readable code. The extensions vmich
were retained, however, are available on most
v.urkstations. Since the delivery of GB\11?.AK 4.1,
other parts of the code that were non-standard
have also been rewritten.
The following list
details scxne of the changes that were made in the
code. These changes have all been made in the
\MS version as well.

air,

OBJECTIVE ANALYSIS:
The objective analysis programs now have the
capability to read data fran tv.u files. This
allows ship data to be included in an objective
analysis along "With conventional surface data.
An objective analysis can be done on grids in any
GHAP.AK map projection.
Another new- feature
allows a first guess field to be read from a
GHAP.AK grid file.
CXNlUJR AI.cr:RITIM:

LCNT LINES:

The contouring algorithm has been rewritten to
eliminate spurious loops and overdravm. lines. In
addition, the contours no longer overdraw the
labels.

These lines extended past
possible in \MS, since
single character.

LCNT VARIABLE NMES:
All variable
names
were
limited
to
six
characters, although most compilers allow longer
names.

SURFACE IECllER:

A software library to decode surface airways data
has been included.

mMN BUXK VARIABLES:
All data statements vmich initialized variables
in
COllllX>n
blocks
were
renX>ved
and
the
initialization
performed
in
assigmnent
statements.
In addition, the length of all
character strings in cOllllX>n blocks were made
Irllltiples of four.
This eliminated aligmnent
problems on some v.urkstations.

v.FATIIER SYMOOLS :

\Veather symbols can be plotted in the surface map
and time series programs.
UPPER AIR CROSS SECTION:
The sounding cross section program. now draws a
cross section for any meteorological parameter
that can be computed.
In addition, a time
s~ction is dravm. if a single station and IlJJ.ltiple
times are entered.

IEU.ARATION STA'IMENfS:
The initialization of variables in declaration
statements "\Vas replaced by data statements.

sa.JNDINJ DIAGNlSTIC (pANfITIES:
Additional quantities can be calculated in all
the ~p~er air programs.
These include layer
quantities, such as the Richardson number, wind
shear, lapse rates and Brunt-Vaisala frequency as
well as stability indicies calculated for the
station,
such
as convective inhibition and
Convective Available Potential Energy (CAPE).

3

column 72, vmich is
a tab is counted as a

ClfARACfER S1RIIDS :

Several problems have arisen in porting software
character
strings
to
other
systems.
In
particular, moving a string into
the
same
variable
and
using concatenated strings in
subroutine
calling
sequences
have
been
eliminated.
Several other subroutines have been modified
for use on Unix systems. These include file open
subroutines vmich contain \MS specific extensions
required by \MS.
Since file names on Unix
systems are generally lower case, the subroutines
vmich
open or create files have also been
modified to change all file names to lower case.
Other non-standard functions include AND, OR, and
SHIFr, vmich are required by the data packing
software.
In this case, the subroutines must be
modified and tested on each v.urkstation.

CilNERSIOO 1D UNIX VDRKSTATIOOS

In the last few- years, moderately priced
v.urkstations,
vmich
use the Unix operating
system, have beccxne available. The Severe Storms
Branch is planning to replace its VAX11/780 "With
these ~rkstations=
~ is
also
acquiring
~rkstations
for interactive data analysis and
display, and several universities that use GH&>.AK
have purchased or plan to acquire v.urkstations.
Therefore, the decision "\Vas made to make a Unix
version of GH&>.AK 5.0 available vmen the \MS
version "\Vas delivered.
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Sev-eral \MS system services were used in
earlier versions of GEMPAK.
These were first
isolated in a
few
subroutines.
For
the
workstations, these functions were sllml.lated in
Fortran v.il.erever possible. Eventually, in order
to simplify the maintenance of the software, the
Unix versions replaced
the
system
service
versions on \MS.

Several new features of the GEMPAK 5.0
objective analysis program. are illustrated in
Fig. 6. The analysis was done on the ~ nested
grid model (N3.i) polar stereographic grid rather
than a latitude/longitude grid as would have been
required in earlier versions of GEMPAK. The ~
24-h forecast -was used as a first guess.
The
first
panel in Fig.
6 compares the final
analysis "With the first guess field. The second
panel shows the difference between the analysis
and the guess.
The generation of the second
panel in Fig. 6 also denxinstrates the ability to
use data from more than one gr id file in the gr id
contouring program..

An additional complication was the use of
logical names throughout the code. These were
used to make the software portable to other Vtv15
systems.
However, these logical names had to be
replaced "With pathnames for the Unix systems.
This
involved
changes to approximately ten
subroutines. In order to simplify the transfer
to other machines, these names were added to a
list of GEMPAK parameter statements in an I1'll..lJ[E
file.
Thus, to install GEMPAK, the parameter
file is edited for the newmachine and the code
is then compiled "Without making changes to the
pathnames in individual subroutines.

4

Fig. 7 illustrates the use of a new GEMPAK
program. to display cross sections through gridded
data.
This program. also
allows
a
vector
representation
of a circulation due to the
tangential component of a specified "Wind field
and the vertical motion scaled in a manner
consistent "With the continuity
equation
to
correct for the exaggeration in the vertical of
the aspect ratio of the section. The isentropes
in the background in Fig. 7 illustrate the newdotted line option in GEMPAK 5.0.

GEMPAK 5.0 EXAMPLES

A few examples of the new features of GEMPAK
5.0 are illustrated in the figures. Fig. 1 is
an example of the graphical output from the new
meteogram program.
This
program allows a
flexible display of time series of numeric,
character,
and
symbolic
data from surface
reporting stations. Fig.
1 also denxinstrates
the weather symbols that can be plotted in both
the time series and the surface map program.

5

Sl.M£RY AND -FUfURE PI.ANS

A new version of GEMPAK, called GEMPAK 5.0,
is now available. Both \MS and Unix versions of
the software are available from~C (Canputer
Software ~nagement and Information Center), the
distribution center for NASA software.
Enhancements planned for later
versions
include the addition of other vertical coordinate
systems,
interpolation
from
one
vertical
coordinate
system to another, an isentropic
objective analysis
program,
calculation
of
vertical velocity and time cross sections.

The skewT plot in Fig. 2 lists several of
the new station parameters that aid in the
assessment of the convective stability of the
atnx>sphere.
The background lines in this skewT
plot were done using the control feature v.il.ich
allows specification for the range and interval
at v.il.ich to draW' the lines.
The intervals in
Fig.
2
are 20, 20, and 2 for potential
temperature, equivalent potential temperature,
and mixing ratio contours, respectively. The
upgraded GH&>AK 5.0 dashing patterns make it easy
to distinguish the different lines.

Dr. Louis Uccellini and Dr. Ralph Petersen
have
supported the continued developnent of
GEMPAK.

Fig. 3 illustrates the ability to overlay a
grid profile program on a sounding profile. The
"Wind plotting positions on the right allow a
canparison of a profile from the model "With that
from the sounding. This figure also denxinstrates
the capability of canputing layer parameters from
the sounding data and plotting them in profile.

desJardins, M.L. and R.A. Petersen, 1989:
Report on the Final Version of GEMPAK 4.
Preprints, Fifth International
Conference on Interactive Information &
Processing Systems for Meteorology,
Oceanography, and Hydrology. Amer.
Meteor. Soc., Anaheim.CA. 205-207.

The sounding cross section analysis program
in GEMPAK 5.0 has been enhanced to display
contour analyses of any computable parameter.
Fig. 4 shows relative hwnidity displayed against
a background analysis of potential temperature.
The cross section program can also display time
sections at a specified sounding location.
This
feature is utilized in Fig. 5 to display a time
section of mixing ration at 10P.
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Figure 1. Meteogram from 1200 UTC 9 October 1990
to 1900 UTC 10 October at Miami, FL, showing weather conditions associated with a tropical
storm. The top trace shows temperature and dewpoint temperature, next is the mean sea-level pressure then the wind, the visibility and, finally, the
weather symbols and sky condition.
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Figure 2. Skew T plot showing the conditional instability of the atmosphere associated with a tropical
storm at West Palm Beach, FL, at 0000 UTC 10
October 1990. Numerical values for the convective available potential energy, the convective inhibition, the K index, the bulk Richard.rnn number
and the lifted index are given at the top.
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Figure 9. Profile comparing the Richardson number
computed from the sounding at SSM at 0000 UTC
6 January 1989 with that predicted by the NGM
24-h forecast {thin, dashed). The observed winds
are on the left; NGM predicted winds are on the
right.

Figure 4. Cross section through sounding ~ata at ~opo
UTC 6 January 1989 showing relative humidity
and isentropes {thin, dashed).
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Figure 6. Contour of an objective analy8i8 of 500 mb
temperature data at 0000 UTC 6 January 1989 U8ing the NGM 24-hforeca8t a8 the fir8t gue88 (thin,
da8hed). On the right i8 the difference field obtained by 8ubtracting the gue88 from the analy8i8.
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Figure 1. Cro88 Jection through gridded data from the
18-h NGM foreca8t valid at 1800 UTC 5 January
1989. The cro88 uction extend8from 60N, 120W
to. Brown8ville, Tx. Dotted line8 are i8entrope8,
thick Jolid line8 are i8otach8. The arrow8 depict
the ageo8trophic circulation in the plane of the
cro88 8ection.
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The Unidata Campus Weather Display System
Ben Domenico
Unidata Program Center*
Boulder, Colorado

Unidata's Scientific Data Management (SDM) and PCMcIDAS (now called McIDAS OS/2) packages are sophisticated software systems for capturing real-time weather
data from a satellite broadcast, and for organizing, analyzing, and displaying the data on a network of computer
systems (Sherretz and Fulker, 1988, Yoksas, 1989, Davis
and Rew, 1990, Green, 1990). Setting up a Unidata facility
requires fairly substantial investments: in equipment (a
Zephyr receiving antenna, workstation-class computers,
and networking to handle the data), in personnel (to administer
the systems), and in time (especially for those who would
use the systems to anything near their potential).

Several components of the system deserve attention:
Automated X Windows WXP Displays

X Windows makes it possible to display the output of
WXPprograms on X servers elsewhere on a network. Atthe
UPC, we decode and plot surface, upper air, and forecast
model data on an hourly basis. Using X Window software,
our staff members can have hourly weather maps appearing
automatically on their screens. However, having the full set
of maps pop up on your display screen can be distracting, so
most of us have the maps appear as icons that we can open
when we wish. Taking advantage of local and national
networks, we have used this capability to display weather
maps generated at the UPC on X servers displays across the
country.

This paper describes the Unidata Campus Weather
Display system, an augmentation to the above systems. It
allows a site to leverage its investments in the central
Unidata system by creating a secondary distribution system.
With the campus-display system, some of the weather
information captured in the atmospheric science department
can be distributed to a much broader community of users
throughout the campus. When this secondary distribution is
in the form of a fixed set of electronic weather maps, access
requires only a modest PC and very little expertise on the
part of the user. A schematic of how the Campus Weather
Display system might be implemented on a campus is given
in Figure 1.

Scheduled Remote McIDAS Displays

At the UPC, a McIDAS data-capture system sends the
data files to remote McIDAS systems. The remote systems,
which run (more or less) under our control, then generate
automated weather displays, keyed on receipt of data
products. In this system, we use McIDAS, TCP/2 networking software for OS/2 from Essex Systems, and a set of
software tools called the MKS Toolkit.
Secondary Distribution
People wanting weather information will not all have
access to an X Window server or to a fully configured PS/
2 capable of running Unidata PC-McIDAS. Indeed, many
people will not need or want to contend with the power and
sophistication of WXP or McIDAS. For them, we have
developed a system that creates a display on a simple PC
running DOS. It uses SDM/WXP and Unidata McIDAS
systems to generate electronic weather maps on a regular
basis and automatically puts them into disk files in a screendump raster format. These hourly weather maps can then be
viewed on a modestly configured DOS computer using an
electronic slideshow software called GRASP.

The Prototype

The Unidata Program Center (UPC) operates a prototype
Campus Weather Display system as a model for Unidata
sites that wish to make current weather information available throughout their campuses. We have both SDM and
PC-McIDAS systems capturing data. These then make
weather displays available to other locations both local and
remote. Currently, the UPC uses two differel'\t mechanisms
for distributing the electronic weather maps. The first takes
advantage of high speed networks and the X Windows
system to display SDM/WXP weather maps on X Windows
servers at other locations (see Figure 2). The second
approach uses the McIDAS or SOM system to create raster
images of the weather displays. These images can then be
accessed via network (and via modem, in some cases) and
displayed on inexpensive personal computer (see Figure 3).

Motivation for Developing the Prototype

The Unidata Campus Weather Display system evolved
from necessity. One of Unidata' s persistent challenges has
been to inform potential new sites of Unidata capabilities
and to help existing sites exploit our systems to the maximum.
(Some sites learn and use only a limited number of routines,
some continue to use older versions of the system) We also
get requests for help in demonstrating Unidata capabilities

* The Unidata Program Center is sponsored by the National
Science Foundation and managed by the University Corporation
for Atmospheric Research. Mention of a commercial company or
product does not constitute an endorsement by the Unidata Program Center.
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Figure 3
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to university administrators, who are being asked to pay part
of the freight for the data, hardware, software, networking,
workshop travel, and local support to keep Unidata systems
running.
The Unidata "Campus"

To create and test the campus prototype system, we
linked users at two locations in Boulder, Colorado, with
others in Washington, D.C. The UPC's "campus" is thus
composed of Unidata headquarters, NCAR, and the National Science Foundation. On several occasions, we have
extended our weather display distribution to include universities for demonstration purposes.

many organizations beyond the UPC itself contributed to
the prototype system. In particular, on the UPC staff:
• Tom Yoksas (User Support) modified an elecronic
slideshow demonstration system to provide the PC
display facility;
• Bob Green (User Support) put together the basic
ideas for the campus display system shown in
Figure 1; and
• Steve Emmerson (Systems) incorporated needed
modifications to the XGKS graphics library.
At other institutions:
• Harry Edmon (University of Washington) modified

Assumptions

Any Unidata site wishing to implement a system like
UPC' s prototype will need the following:
• A fully configured PC-McIDAS or SDM system
capturing real-time weather data. (There are now
nearly 100 campuses with such systems. Some sites
have both McIDAS and SDM systems running.)
• A communications mechanism, such as a campus
network, that allows users to access raster files created on the central Unidata computers.
• Anumberofpersonalcomputers with VGA capabilities.
• A number of individuals interested in obtaining upto-date weather data in the form of weather maps and
satellite images. These people will receive a fixed set
of pictures over which they have no direct control. (In
our experience, this results in a certain amount of
lobbying by some the individuals to influence the
content of the weather maps.)
Status and Availability

The Unidata Campus Weather Display System is already
running at the UPC, NCAR, and NSF. At this writing, the
system is not documented and is not in a form for distribution.
We hope to add two more components: a facility for using
the SDM/WXP and Unidata McIDAS systems to automatically generate a set of weather maps in graphics interchange format (GIF), and a system for displaying the maps
on a Macintosh similar to the one we have for DOS systems.
We plan also to provide rudimentary "readme"-style documentation. When these finishing touches are completed, we
will make the facilities available to you via the Internet/
NSFnetas examples of how a site can begin to make weather
data displays available on a campus-wide basis.
Acknowledgments

Work on the Unidata Campus Weather Display system
was done mainly by individuals other than the author. And
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•

•

•

•

X Window Dump (XWD; part of the X Windows
software from MIT) to allow for automated creation
of raster files containing weather maps;
Ross Aiken and Dan Vietor (Purdue University)
incorporated changes into the WXP system that enabled the use of the XWD software for WXP weather
displays;
Tom Whittaker (Space Science and Engineering
Center, University of Wisconsin-Madison) worked
with Tom Yoksas on automating the PC-McIDAS
display creation;
Dan Anderson, Jeff Boote, and a host of others at
NCAR's Scientific Computing Division helped us
include NCAR in the Unidata Campus; and
Raleigh Romine (NSF CISE division) provided invaluable assistance with some complicated networking which, in the end, enabled us to extend the
Unidata Campus to NSF staff with PCs.

Zephyr Weather, IBM Corporation, Sun Microsystems,
and Essex Systems provided us with the hardware and
software required to demonstrate the system in a variety of
settings. In the end, what it came down to, was that all these
other folks were busy doing the work, so I ended up writing
the paper.
References

Davis, G. P., and R. K. Rew, 1990: Distributed data
capture and processing in a local area network. Proceedings, Sixth Annual International Conference on Interactive
Information and Processing Systems, Anaheim, California,

February 69-72.
Green R. N., 1990: Coming attractions: WXP 4.0 and
graphics animation. Unidata Newsletter, Spring, 1-2.
Sherretz, L. A_., and D. W. Fulker, 1988: Unidata:
Enabling universities to acquire and analyze scientific data.
Bulletin of the American Meteorological Society, 69, 373376.
Yoksas, T., 1989: AfirstlookatOS/2McIDAS. Unidata
Newsletter, Spring, 1-2.

8.2

COMPUTER-BASED TRAINING DEVELOPED BY
THE NATIONAL WEATHER SERVICE TRAINING CENTER
FOR TRAINING ON-STATION

James P. Kaplafka
National Weather Service Training Center
Kansas City, Missouri

1.

its various forms up to the Microsoft BASIC
Professional Development System software
presently in use. This approach generally
requires more programming skill and hence more
development time for an inexperienced author, as
opposed to using a commercial authoring system.
But the Training Center currently uses a single
CBT lesson designer and programmer.

DEVELOPING CBT

The National Weather Service Training
Center conducts short courses, presently eight
days to seven weP.ks in duration, primarily for
Weather Service personnel, but also for the Air
Force Air Weather Service, foreign nationals,
teachers, etcetera. Generally a course consists
of classroom and laboratory work conducted at
the Training Center facility in Kansas City.
The Training Center has developed computerassisted or computer-based training, CBT, over
the past fourteen years. Originally the CBT
lessons were used exclusively to support the
in-house courses, providing short segments of
either primary or remedial instruction.

2.

CONTENT AND STYLE

The CBT lessons directed toward
meteorological technicians/ meteorologists/
hydrologists in the field are lessons on the
procedures for interfacing with a system through
a keyboard or tablet. Lessons for the electronic
technicians are sometimes also 'operator
lessons', since maintenance generally requires
operational testing. But for electronic
maintenance training the Training Center has
also prepared fundamental electronic principles
lessons and lessons on the functions and
hardware subsystems of specific equipment.

The proliferation of microcomputers of
basically one standard, IBM, within the Weather
Service allowed for the development and delivery
of CBT lessons to field stations. The
attractions are varied, e.g., timely delivery of
instruction on field modifications, pre-training
in new system areas prior to attending in-house
courses, introductory operator training, prerequisite training in basic theory. From an
administrative viewpoint, such training reduces
student travel and per diem costs and reduces
the time away from station.

The operator-type lessons are prepared
as guided simulations in which typically the
student is presented a frame as it appears on
the actual equipment and is asked to make a
specific entry. The next frame is the response
as it appears on the actual equipment with
subsequent notes added to highlight significant
features. As the lesson progresses the student
is asked to request a particular product or
status screen and is expected to recall specific
command formats to do it. Failure on entry is
allowed no more than twice and the student is
either given hints or the correct answer. At
times the student is deliberately directed into
error in order to illustrate the result of a
common error. Whatever approach is taken the
CBT lesson is designed to focus on a limited
number of ideas and examples.
It is not
designed as a complete reference although it does
not usually require reference to printed
materials during lesson execution. Indeed in
order to create the lessons it is usually
necessary that complete references exist and
preferable that the lesson developer have access
to a live system. The lessons are intended to
convey overall understanding, to key on certain
points and, when appropriate to a particular
lesson, to impart the specifics of common
entries or entry techniques. From this point
the student is in position to interpret the
reference manuals and to experiment with the

Although the CBT lesson development has
changed to make use of improvements in the
microsystems on which they are run, lessons
developed for use at field stations were
necessarily restricted in technique and hence in
material to be taught so that they would run on
available systems. For example, training an
operator to request system status and
alphanumeric weather products could be handled
by a CBT lesson designed to be run on a
microcomputer with monochrome alphanumeric
display whereas a lesson on retrieving graphic
weather products would suffer from the lack of
adequate graphic illustration.
It has proven useful to employ a single
common language for CBT lesson development.
With modification of development subroutines and
with introduction of new ones as the lesson
delivery equipment has improved, it has been
possible to maintain a certain continuity in
development techniaue and to use a limited
portability of lessons from older to newer
lesson delivery systems. The Training Center's
language of choice has been Microsoft BASIC in
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live system.
3.

cal Exchange Format, SHEF, code.
The code is
versatile in part because it actually defines
three different formats to best fit a variety of
situations. The ability to enter and to
interpret properly is important, but there were
common errors. The Office of Hydrology requested
that the Training Center develop CBT instruction
to be distributed by the Office of Hydrology and
to be incorporated in their own training programs.
Good reference materials and the collaboration
and review by a man who helped develop the code
were the basis for developing the CBT lesson.
The reference materials actually included
typical examples which became the basis for
hands-on entries and discussion during the CBT
lessons.

THE CBT LESSONS

Generally the CBT provided to the field
is sent with other learning materials and the
CBT development is a collaborative effort. The
following case descriptions indicate other
learning materials that accompany the CBT
lessons, the forms of collaboration, as well as
motivations for developing CBT for the given
situations.
The Weather Service uses its own data,
and product distribution network,
"AFOS", which is configured into a system of
regional telephone loops. An AFOS operator
interfaces with the system primarily from an
alphanumeric terminal and requests products
and lists that are either alphanumeric or
graphic.
Introductory operator training for
meteorologists is a part of the Forecasters
Development Course and also a part of the
Weather Service Operations course attended by
meteorological technicians. This introductory
operator training is supplied by mailing out a
pre-course module consisting of a CBT training
floppy, printed directions, sunnnaries, written
exercises and reference materials. The CBT
lessons were developed to be run on IBM
Monochrome terminals that are present at
stations and available on a part-time basis
for educational use.
They lack graphics
capability, so in order to adequately teach the
retrieval of graphic products, the module
includes printed directions which the student
follows on the live system, i.e., the student
uses the live system to handle the particular
portion of his/her lesson that is not suitable
for presentation on the lesson terminal. The
lessons were developed in collaboration with a
classroom instructor of the course and through
the use of AFOS reference manuals and an
on-line AFOS system at the Training Center.
m~ssage,

Communications handling at the busiest
AFOS sites is being improved by installing a
powerful front-end processor, FEP, with software
to give it great independence. Electronic
technicians who have already attended AFOS
maintenance courses at the Training Center need
to be trained on this update in regard to its
functions, cabling, interdependence of parts, and
diagnostic software.
CBT is being prepared and
will be distributed to the field.
In this case
the lesson is being prepared to require EGA
color display capability and a hard disk. The
CBT will be evaluated and revised as it is
developed by using it a.s part of the in-house
AFOS maintenance courses. When fully developed
the CBT lesson could also be used as a pre-course
training. Development sources include
preliminary printed references and visits from
Washington-area personnel involved with the
diagnostic development. The Training Center was
given one of the first systems and acts as a
test bed.
Shortly after the Weather Service
deployed SWIS, Satellite Weather Information
System, as a means for displaying colorized
satellite images on screens, the Training Center
developed a set of diagnostic programs to assist
in troubleshooting the equipment. The
diagnostics were burnt into PROMs and mailed to
all SWIS sites along with reference material
and a CBT lesson modeling some of the diags and
explaining the connection between diags and the
equipment being tested~ Having the diagnostic
developer and a live SWIS system at the Training
Center facilitated CBT lesson development which
in the process suggested revisions of the menus
and instructions that were finally used in the
diagnostic software.

The Weather Service is deploying new
Doppler radars, the WSR-88D. Training of the
electronic technicians around the country began
some months ago when the Training Center
developed and distributed pre-course training
in the form of video tapes and CBT lessons. The
CBT lessons are specifically directed to the
operation of a user workstation. An operator at
a workstation uses a keyboard and tablet to
request status and products that appear on
either an alphanumeric display or one of the
graphics screens. The CBT lesson floppy
requires an EGA video controller but only a
monochr.ome-type alphanumeric display.
In this
case the CBT addresses operator functions while
the video tape conveys theory and operating
principles. -Lesson development began before
the Training Center had a Doppler system and
berore reference documentation was in final
form.
Captain Jeff Fornear of the Air Force at
the test site in Norman, Oklahoma collaborated
in the CBT lesson development, providing guided
access to the test facility, discussing and
finally reviewing the CBT.

The Training Center conducted an in-house
fundamentals course called Integrated Circuits
and Application Concepts, ICAC, until an
increasing work load for the instructors and the
other money and time-saving advantages of
correspondence study resulted in conversion of
the course to an eight-part CBT lesson. Each
part includes discussions and on-screen
exercises plus written exercises that are
completed and mailed to the Training Center for
grading. The final examination is closed-book
and proctored by the student's supervisor
on-station. The course is especially helpful in
providing needed instruction to new hirees at
the time they can most benefit from pre-requisite

Data entry at an AFOS site by hydrology
personnel is done in Standard Hydrometeorologi-
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training.
Other CBT lessons available to the field
include principles of conventional weather radar
that accompanies a video tape intended for
pre-course training of electronic technicians,
CBT lessons on maintenance of the IBM-XTs that
are used for message composition and backup at
AFOS sites, and a CBT lesson on the
fundamentals of electron tubes that are in
use in some Weather Service equipment and
largely ignored in basic electronics training
today.

4.

THE FUTURE

In the innnediate future the Training
Center plans to develop more pre-course
training with CBT. The Weather Service is
participating in development of operational
training for the new Doppler radars via IVD
and CD-ROM focusing on interpreting displays
and predicting weather. If new educational
display systems are deployed at field sites as
a result of this effort, the Training Center
will move to develop materials to use them.
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8.3

METLAB - A COMPUTER-BASED METEOROLOGICAL LABORATORY
FOR THE UNITED STATES NAVAL ACADEMY
David R. Smith and CDR Gary L. Stringer, USN
Oceanography Department, United States Naval Academy
Annapolis, MD 21402
and
Joseph C. Dion
RMS Technologies, Inc
Marlton, NJ 08053

In the Fall of 1990, Phase I of
METLAB
a
computer-based
meteorological laboratory
was
completed for the Oceanography
Department at the United States
Naval Academy. The purpose of this
system is to provide a computerized
environment
appropriate
for
meteorological instruction at the
undergraduate level
(Smith and
Coolbaugh, 1989; Smith and Stringer
1990).
METLAB is designed to
ingest a variety of meteorological
products, serve such products to
workstations in the laboratory, and
provide interactive capabilities
for
weather
data
analysis,
interpretation, and prediction.
The following is a description of
METLAB, including both hardware and
software,
as
well
as
the
application of the system in the
classroom,
and a discussion of
planned future expansion.

disseminates data to
Management Processor.
1.2

Data

Data Management Processor

The data processing functions are
accomplished by a second HP-370
processor (codename: Admiral) with
16 MB RAM and two 304 MB disk
drives. Admiral is responsible for
reception of data from the data
ingest processor, placement of the
data in the data base and delivery
of requested datafiles to user
workstations.
1.3

Student/Faculty Workstations

The primary points of interface
between the weather data and the
users
are
the
workstations.
Currently there is one faculty
(codename: Prof) and four student
workstations
(codenames:
Frolic,
Intrepid, Restless, and Resolute),
which are HP-370CH processors with
8 MB main memory (RAM) and 152 MB
disk drives.
The primary input
devices for each workstation are a
mouse, a keyboard, and a digitizer
pad which is available to provide
limited interactive capability.
A
16" color monitor is the primary
output device at each workstation.
A high resolution graphics card
(HP98550A) provides a resolution of
1280 x 1024 pixels with eight image
planes and two overlay planes.

1. HARDWARE
The METLAB system is composed
of four major elements, distributed
among seven Hewlett-Packard HP-370
computers
in
the
current
configuration
(see Fig.
1 for
depiction
of
METLAB
Site
Architecture).
These four
elements are described below.
1.1

the

Data Ingest Processor

The interface between outside data
sources and METLAB is the Ingest
Processor
(codename:
Captain).
Captain is an HP-370 processor with
16 MB RAM and a 152 MB Disk Drive.
This element
ingests several
weather datastreams: alphanumeric
products (Zephyr Weather Services
Domestic Data Plus),
facsimile
charts
(DIFAX),
and satellite
images
(NESDIS GOESTAP) .
In
addition,
the ingest processor
decodes and parses the data,
assigns product identification and

Some of the characteristics
each workstation include:

of

• Display alphanumeric messages,
facsimile products, satellite
and weather radar displays
• Calculation and display of
thermodynamic variables and
sounding profiles
Interactive graphic placement of
meteorological symbols and
annotations
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GOES TAP
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Fig.1.
METLAB Site Architecture.
The four major elements of METLAB are
depicted, which include: Data Ingest Processor, Data Management Processor,
Faculty/Student Workstations, and a LAN IEEE 802.3 communications Network.
Data sources are both real-time {Zephyr DDP, DIFAX, and GOESTAP) and archived
via tape or cartridge drives.
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• Contour analysis of raw and
gridded meteorological fields
• Interactive pan and zoom
• Interactive enhancement and
mapping of images
Animated looping of images and
analyzed products
1.4

Management Processor, manages all
three data types by assigning
attributes to each product.
The
products can then be retrieved
using these attributes.
The
products are deleted automatically
as they expire (expiration times
are defined by look-up tables). It
is also possible to set up daily
archival of selected product sets
to a variety of external media.
Furthermore,
the
data
base
management software interfaces to
the Faculty/Student workstations to
service their requests.

Communications Network

The communications network that
ties the METLAB system together is
a LAN IEEE 802. 3 running HewlettPa ckard' s
Network File System
(NFS). This networking system will
easily accommodate expansion plans
expected over the next few years.

The
METLAB user
interface
contains
a
variety of
data
manipulation features available on
an Action Selection Panel.
These
features permit such functions as
pan,
zoom,
animation,
and
enhancement of NMC analysis and
prognosis charts, satellite images,
and radar products. These features
are controlled with the mouse.
Panning permits movement
(left,
right, up, and down) through the
images, which may exceed the space
available on the display screen.
Zooming (both in and out) allows
magnification or shrinking of
images to focus on small-scale
features or to obtain a broader
overall perspective of significant
weather events.
Animation enables
the user to construct a time-lapse
sequence of weather events from a
variety of weather products. The
enhancement features include Coler
Tool
(grey-scale
or
color
enhancement of satellite images),
Overlay
(superposition of one
product
over
another) ,
and
Annotate
(lines,
area
fill,
symbols,
and text).
These
features enable the user to perform
a variety of additional analysis
techniques on available weather
products.

2. SOFTWARE
The METLAB software package was
developed and installed by RMS
Technologies, Inc.
It includes
both off-the-shelf packages as well
as several routines developed
specifically for METLAB.
The METLAB workstation screen
display utilizes the X-Window
System.
X-Windows provides a
graphical user interface which
includes both windows (for display
of menu options)
and icons
(a
small graphical representation of a
window).
The user can make menu
selections by moving a cursor to
the appropriate position on the
screen and clicking the mouse
buttons.
In addition, there is an
extension to X-Windows, called XUI,
which supports object oriented manmachine interface.
The METLAB ingest software
running
on the
Data
Ingest
processor accepts live weather data
streams
from
three
separate
sources:
alphanumeric products
(Domestic Data Plus),
weather
facsimile charts
(DIFAX),
and
satellite images (GOESTAP).
The
ingest software simultaneously
captures data from all three
sources and places the data into
individual files, which are passed
to the Data Management Processor.
The ingest software selectively
discards certain files based on
various product look-up tables.
These look-up tables can be
modified by the METLAB Systems
Administrator.
Network management
software developed by RMS makes
ingested data available to the Data
Management Processor and Faculty/
student Workstations.

There
are
also
some
meteorological
applications
routines developed for METLAB.
These include a thermodynamics
package and a contouring package to
assist with weather analysis and
forecasting activities.
Both
packages utilize weather data
extracted from upper air rawinsonde
observations ingested from the
Domestic Data Plus database.
The
thermodynamics package generates
vertical atmospheric soundings on
both Skew T-Log P and Stuve
diagrams.
In addition, a variety
of meteorological variables are
computed at numerous
levels
throughout the troposphere.
The
contouring package interpolates
observed and computed values onto a
uniform network of gridpoints and

The data base management
software,
residing on the Data
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constructs a contoured analysis of
several meteorological fields.
These analyzed fields are used to
supplement
conventional NMC
analyses ingested from the DIFAX
system.

RAM memory will be increased from 8
MB to 24 MB on the faculty and
student workstations, which will
increase the speed of operation.
In addition, six new workstations
(with
20 MB
RAM)
will
be
incorporated into the METLAB
network to increase access to the
available weather information. Two
control dial modules will also be
acquired to enhance research
applications of METLAB.

3. CLASSROOM APPLICATION
The initial application of
METLAB is for an upper division
course in Synoptic Meteorology.
This course is an elective taken
primarily by Oceanography and
General Science majors, especially
those who intend to pursue careers
in Naval Oceanography or Naval
Aviation.
The course is offered
both Fall and Spring semesters to
approximately 20-30 students each
semester.
In
the
current
configuration three Midshipmen
share a workstation for each class
section (this will be reduced to
two per workstation with Phase II
expansion). Exercises performed in
the Synoptic Meteorology laboratory
utilize the full complement of
features available on the METLAB
system.
The primary function of
METLAB is to take advantage of
computer technology
so
that
Midshipmen
can
focus
their
attention on interpretation of the
structure and dynamical processes
of the atmosphere.

4.2

Software expansions

Several software improvements are
planned for METLAB.
These include
the following:
(i) General system upgrades
• New version of XUI
• UNIX 7.0 operating system
System reconfigurations
hardware upgrades
Improvements for ingest
data base management

for
and

(ii) User interface enhancements
METLAB restart capability
from student workstations
Incorporation of laser jet
printer output
• Deletion of selected products in
data base from faculty
workstations

METLAB will be incorporated
into a second course next year.
Atmospheric Thermodynamics and
Kinematics
will
utilize the
applications software packages
available on METLAB to better
understand the thermal structure of
the atmosphere and thermodynamical
processes that affect the weather.
It is expected that METLAB will be
integrated in all meteorological
courses taught at the Naval
Academy, to provide Midshipmen with
hands-on experience utilizing real
weather data to support both
classroom instruction as well as
student research projects.

(iii)

•
•
•
•

Text and graphic
enhancements

display

Break up multi-panel charts
into individual charts
Improve satellite image display
Coler selection for overlays
Improved animation capabilty
Increase animation loop count

(iv) Graphic enhancements
• Add erase capability to annotate
feature
• Improved color tool capability
(v) Overlay enhancement
Registration of contours
satellite image overlay

for

4. PLANNED FUTURE EXPANSION
(vi) Modeling enhancements
METLAB
enhancements
are
currently in the planning stage.
These include both hardware and
software improvements over the next
few years.
4.1

Additional contour fields for
surface data
• Improved features for
thermodynamic package
(vii)
Addition
package

Hardware expansion

Existing METLAB workstations
will be upgraded to improve the
performance of the system and to
permit planned software expansion.
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of

clipboard

I

Fig.2.
METLAB Collage.
(a) METLAB Weather
(b) METLAB Workstation Display of an NMC
Workstation Display of an NMC Radar Summary
and (d) Midshipman and instructor at a METLAB
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Processing Network Login Screen;
Surface Analysis;
(c) METLAB
Chart using the zooming feature;
Workstation.
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INTERACTIVE COMPUTER LABORATORY INSTRUCTION
AT THE NAVAL POSTGRADUATE SCHOOL
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Department of Meteorology
Naval Postgraduate School
Monterey, CA 93943

1.

INTRODUCTION

summary and lightning data are available
from the PC-McIDAS data channel, a
channel of the UNIDATA ZEPHYR broadcast.
Microwave
imagery from the
Def ense
Meteorological Satellite Program {DMSP) ,
sateilite is transferred to the lab from
FNOC daily as well.

The Naval Postgraduate School (NPS)
has developed an interactive computer
laboratory
using
modern
computer
technology and real-time data bases to
improve
graduate
instruction
in
meteorology and oceanography.
This
facility, named the Interactive Digital
Environmental Analysis Laboratory (IDEA
LAB) ,
uses modern micro and minicomputers hosting 17 image and graphics
analysis work stations.
This lab has
been in operation now for three years. A
number
of
courses
now
employ
the
laboratory extensively.
The goal of
r this paper is to describe the role the
I laboratory
is
playing
in
graduate
instruction and research in synoptic
meteorology, remote sensing and other
NPS graduate courses.
2.

A variety of software packages are
available for use on these data sets.
GEMPAK, a general purpose meteorological
display package developed at the Severe
Storms Branch ot· the NASA· Goddard Space
Flight Center (NASA), is available to
display,
analy;ze
and
manipulate;
meteorological data {des Jardins andi
Petersen 1985, 1986).
NPS has made a \
software bridge between the LDM andj
GEMPAK allowing the use of GEMPAK on
real-time
data.
This
bridge
is ·
available from UNIDATA.
NCAR Graphics,
version 3.0, is also available for
meteorological data display.

LABORATORY DESCRIPTION

The main components of the IDEA
laboratory are a VAX 8250 mini-computer
and 17 other VAX mini-computers and
workstations.
These workstations are
networked as a VAX cluster which allows
centralized management of the system.
Each computer, or node, may easily
communicate with other computers and may
share
cluster
resources
such
as
software, data and peripherals.
The
central
focus
of
the
lab
is
an
interactive computer classroom with ten
student
workstations.
This
room
provides
a
focal
point
for
class
presentations and student laboratory
exercises.

The image processing package used
in the IDEA LAB is a modified version of
NASA's Dev ice Management System (OMS) •
OMS is a collection of callable clanguage image processing functions.
Its
device
independence
makes
OMS
relatively easy to transfer to different
types of workstations.
In a software
layer above OMS we have developed the
DMS Image Processing System (DIPS) ; it
organizes the image analysis functions
' into programs easily accessed by the
users.
A complete 1 ibrary of image
navigation software is also available
for
both
polar
and
geostationary
orbiting satellites.

Data available include real-time
text (domestic and international data)
and numerical grid point fields(National
Meteorological Center and Navy's Fleet
Numerical Oceanography Center) .
These
data are ingested by the UNIDATA Local
Data Manager (LDM), a component of the
UNIDATA Scientific Data Management {SOM) .
system {Sherretz and Fulker 1988).
In
addition, GOES visual,
infrared and
water vapor sectors, the national radar

Bringing the graphical and image
processing packages together is another
NASA
product,
the
Transportable
Applications Executive {TAE), that acts
as a general purpose user-interface
(Perkins et al 1988) .
TAE provides a
consistent menu-oriented interface, and
gives a single entry point to all of the
display
and
application
software
available in the laboratory.
TAE was
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developed by the Information Extraction
Division, Applications Directorate of
NASA Goddard Space Flight Center.

lab occurs early in the course and is
designed to demonstrate the nature of
quasi-geostrophic theory applied to the
upper-level flow. Students are asked to
plot the 300mb heights, isotachs and
ageostrophic wind vectors. Based on this
plot, a series of questions direct the
students to observe that upstream of a
shortwave
trough,
ageostrophic
wind
vectors point toward higher height
contours and just the opposite is found
downstream
from
the
trough.
These
descriptive/ observational questions are
followed
by
diagnostic/conceptual
questions that direct the student to
think of what cross-contour flow implies
about the deceleration and acceleration
of the wind as well as why it must occur
upstream and downstream of a trough.
Students are then asked to think about
what
pattern
of
divergence
and
convergence should be associated with
the
trough.
Finally,
interpretive
questions are asked to get the student
to
think
whether
the
observed
ageostrophic flow in this case fits the
conceptual model that is described in
lecture and whether the deviations from ·
this model result from more complex
structure
or
analysis
deficiencies.
These questions are less concrete and
sometimes require several lab exercises
to completely answer.
For example, a later lab overlays
the
700mb vertical
motion
on
the
satellite imagery to illustrate that the
vertical motion and associated upperlevel divergence pattern in the gridded
data are not consistent with the cloud
distribution.
Another example of a
diagnostic
laboratory
exercises
is
described by Wash et al (1988).
Critical to this type of lab
approach is a
lab instructor that
actively participates in the learning
process. The lab instructor is present
throughout · the lab period and goes
around answering questions, directing
student thinking and probing for deeper
understanding by students on a one to
one basis. Student interaction among
themselves is also encouraged but each
student is required to put down the
answers in their own words.
A rapidly intensifying cyclone that
occurred off the Washington coast during
early June 1988 is presently being used
for the majority of the exercises. Case
selection is critical as the example
must
contain
relatively
clear
demonstrations of a variety of classic
conceptual models, which include jet
streak/frontal circulations as well as
frontal
wave
to
occluded
cyclone
evolution. Too much complexity just adds
confusion to students that are trying to
visualize
the
atmosphere
in
three
dimensions for the first time.
Tb.•:
choice of an ocean storm provides \ an ·
excellent opportunity for demonstrating
the difficulties of objective analyses
over the ocean and the use of satellite
imagery
for
dynamic
interpretati.ol).

Other IDEA LAB facilities include
Information Processing System (IPS)
image looper and hard copy display for
animation and display of GOES-TAP data.
The looper can store 340 images and
automatically
selects,
receives
and
updates numerous loops of GOES, GMS and
METEOSAT images.
This looper system
provides continuous access of satellite
animation for a wide range of synoptic
classes without using an IDEA LAB
workstation.
Radar data are available
via
a
dial-up
col or
display
and
additional hard copy NWP products . are
received from DIFAX (NMC) and
from a
dial-up PC system (FNOC).
~he

3.

SYNOPTIC METEOROLOGY EXERCISES

The use qf the IDEA lab in the
teaching of synoptic meteorology takes a
case study approach in which a variety
of computer based exercises are designed
to meet several objectives. The primary
objectives of the exercises are:
1) To illustrate the relationship
between
dynamics,
structure
and
evolution of weather systems through
visualization of .diagnostic quantities;
2) To develop and apply conceptual
models of cyclone evolution and dynamics
to a variety of cases; and
3) , To diagnose the quality (dynamic
consistency)
of
computer
generated
analyses and learn how to modify those
products using satellite imagery and
obse~ational
data.
E~ch
laboratory
exercise
has
a
specific
objective
associated with it and the laboratories
complement of each other to meet these
overall objectives.
The
laboratory
exercises
can
generally be grouped into observational
diagnostic/conceptual and interpretativ~
type
exercises.
Most
individual
exercises however contain elements of
all three types. Observational labs and
questions are aimed at getting the
students to see what is on the plot and
to be able to describe it in correct
m~teorological
terminology.
Diagnostic/conceptual labs or questions
are
designed
to
put
observations
together into a conceptual model of the
dynamics
of · ·extratropical
weather
systems.
These
range
from
piecing
together the model of the secondary
circulations o£ jet streaks to using
Petterssen development equation ideas to
diagnose cyclone growth and movement.
Interpretative labs and questions are to
identify inconsistencies in a given
analysis or conceptual model and to try
to extend the ideas beyond the case at
hand.
These are by
far
the most ·
difficult questions to write as well as
the most difficult for the students to
visualize.
To better ·.~llustrate the approach
one of the labs ·· is now described. Thi~
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the analysis.
A water vapor correction
from the split window is computed and a
revised sea surface temperature analyses
prepared.
The resultant satellite SST
is compared to coastal NDBO buoys and
differences between the two measurements
are compared.

Other cases are easily added from the
operational database provided by UNIDATA
and final lab exercises ask the student
to apply their understanding to new
cases.
4.

REMOTE SENSING EXERCISES

The remote sensing courses use the
lab to give students hands-on experience
working with satellite data and using
the techniques presented in lecture.
The general concept is to provide ·
examples of satellite data analysis
while giving the student the ability to
perform ~hose analyses independently.
The exercises include a demonstration of
d~gital imaging principles - the idea of
pixels,
gray
shades,
enhancement
techniques, etc.
Characteristics of
satellite ~mage~ are clearly displayed
thr<;>ugh .simulations of spatial
and
radiometric
resolution
and
viewing
geometry including navigation or earth
location.
A series of exercises have been
developed that give the students handson
experience
with
satellite
data
techniques that have been introduced
theoretically in lectures.
Data from a
variety of satellite sensors are used
including GOES VISSR and VAS, NOAA AVHRR
and TOVS, DMSP OLS and SSM/I, Geosat aQd
Seasat SAR. These data sets are used to
illustrate
analyses
such
as
cloud
classification,
multi-channel
sea
surface
temperature
measurement
precipitation, aerosol optical depth'
snow/~loud discrimination, temperatur~
sounding and synthetic aperture radar
sea state measurements.
As
a
meteorological
example,
students
working
on
the
cloud
classification laboratory explore the
radiometric differences between visual
and IR cloud signatures. They compute a
two-dimensional histogram of the visual
and IR data and describe the digital
characteristics of major cloud areas in
~he image. . The idea of a bispectral
image and bispectral cloud analyses is
then illustrated.
Finally students are
shown
a
fully
integrated
cloud
classification
algorithm
that
also
includes
statistical
cloud
analysis
techniques.
The students evaluate the
success and failure of the bispectral
automated
analysis
as
compared
to
surface reports and their own subjective
analyses
to
conclude
the
lab.
Throughout the · entire lab students
analyze
actual
satellite
data
to
interactively illustrate the concepts
presented.
In the multi-channel sea surface
temperature laboratory, students first
explore the differences between channels
4 and 5 ("the split window") of the NOAA
AVHRR instrument for dry and moist
marine atmospheres. A difference image
of these channels is prepared and
interpreted.
Cloud
detection
and
masking methods are studied and cloudcontaminated pixels are eliminated from
470

The interactive digital computer
classroom is now a reality.
The
availability of workstations at modest
cost, UNIDATA real-time data broadcasts
and the emergence of powerful software ·
tools allow the development of multistudent computer classroom laboratories
to support a variety of instruction.
Our experience suggests these tutorial
hands-on laboratory sessions to be a
significant improvement to earlier hardcopy and light-table lab exercises.
5.
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A REAL TIME WINDOW ORIENTED DATA ACQUISITION
AND DISPLAY SYSTEM B'OR AIRCRAFT MEASUREMENTS

8.5

Mary Griffith, Gary Horton, Jerry Pelk
The National Center for Atmospheric Research*
Boulder, Colorado 80307

1. INTRODUCTION
NCAR's Research Aviation Facility
(RAF) has developed a color real-time
display capability for the NCAR aircraft.
A single user system was installed on the
King Air in November, 1989, and has been
successfully flown on several research
projects. A networked, multi-user system
is now being installed on the Electra.
Graphical
or
alphanumeric
presentations can be selected from a large
data base of predefined displays.
Menus
can be used to quickly set up new displays
or to modify existing ones.
A control
panel provides continuous help information
and access to global commands.
The use of ethernet for the networked
system provides the capability to display
information from other on-board systems
such as radar and lidar.
2.

input reduced to a minimum in order to
allow use of the system in turbulence.
The control panel continuously displays
the user options available, depending on
the position of the cursor.
This is a turn-key system. While the
user has control over the data displayed
and can reconfigure, start or stop certain
instruments, no input is required from the
user to start up data recording and
display.
Users are able to display all raw and
computed data.
Past data is saved,
according
to
the
amount
of
memory
available. When displays are changed, the
history of each variable is plotted so
that windows . always contain full data
frames.
High resolution, color CRTs
provide maximum display capability in the
smallest space.

SYSTEM REQUIREMENTS
3.

RAF currently supports three aircraft
for a variety of research missions each
year.
Users are frequently unfamiliar
with the on-board systems and have minimum
time in which to learn to operate them.
Accommodating the requirements for quick
reconfiguration of the data system and
minimal familiarization for users provided
the framework for the general system
specifications.
Data sets can include up to 96
individually
sampled
sensors
plus
information from instruments which return
arrays of data such as navigation devices,
counters and imaging units.
In order to
reduce maintenance and to provide quick
turn
around
between
projects
with
differing requirements, a single program
source is maintained for all the aircraft.
Differences depending on the aircraft
characteristics
and
variations
in
computational flow are all taken into
account by the software.
The program is
self-configuring
using
information
contained in a project setup file which is
preserved as the data tape header.
The user is provided with maximum
display and operations control in a system
which is self prompting.
The primary
input device is a trackball with keyboard

SYSTEM HARDWARE CONFIGURATION

The system hardware is modular and
can be expanded from the basic system to
incll~de other sub-systems.
The minimal
configuration for a running system can be
divided into two categories based on these
functions:
(1)
data
acquisition
and
logging and (2) computation and display.
Because user interactions are input
to
the
system
through
the
display
computer, the data acquisition subsystem
has a timeout feature which will start up
data acquisition and logging functions if
input is not received within a reasonable
length of time.
This allows research to
continue in the event of display system
failure.
The data acquisition and logging
portion of the system is a group of five
68000 family microprocessors, connected by
a VME bus, which handle interfaces to
various instruments.
One microprocessor
handles user communications from the
display computer, passes the latest data
to the ethernet, samples any asynchronous
instruments and controls the other 68000s.
The VxWorks operating system has been
implemented
to
make
maintenance
and
development more efficient.
The other
four processors handle synchronous data
sampling, cloud particle image sampling,
serial instrument input and data logging.

*The National Center for Atmospheric
Research is sponsored by the National
science Foundation.
471

I
4.2 Alphanumeric display types

Half inch tape drives have been
replaced by 8mm helical scan drives,
greatly increasing the throughput and
recording capacity of the system while
reducing the weight and size of the
hardware.
Two drives are supplied with
each system for reliability.
The display hardware consists of a
Sun Sparcstation with a 16" color monitor,
a trackball, a minimum of 8 megabytes of
memory and access to on-line disk space.
A printer with graphics capability is
available to each user. Ethernet provides
the network connection to system users.
Figure
1
diagrams
the
system
installation in the Electra.
4.

A number of display types are
available to the user. Alphanumeric types
include statistics which provides mean,
minimum, maximum and standard deviation of
the requested variables; lists, actual
data values of raw or derived variables
appear in a tabular list at specified
intervals; and fixed-format in which the
current values .of the selected variables
are updated each second.
4.3 Graphical display types
Graphical
display
types
include
xy-plots in which up to four variables can
be displayed together as time series in a
single window. The names of the variables
being displayed are 1 isted both in the
frame label at the upper left and as plot
titles below the plots.
The most recent
data value and its units are displayed in
parentheses following the sensor name.
Each trace has its own range axis labels
which can be individually adjusted.
In addition to time series, any
variable can be plotted against any other
allowing displays of aircraft track or
soundings,
for example.
Specialized
backgrounds, such as skew-T, are also
available.
Histograms show values by bin for one
or more counter type instruments.
The
accumulation period can be set by the
user.
When a new accumulation period
begins the previous result is displayed as
part of the background against which the
new results are accumulated.

SOFTWARE DESCRIPTION

The
software
requires
a
UNIX
operating system with an X server and
window manager. The Xview toolkit is used
to implement the displays.
4.1 The input process
The input portion of the software is
entirely self-configuring.
It accesses
the data header and from this builds a
list of the sensors to be sampled as well
as any other variables which can be
derived from the raw data.
A separate
function is provided for the computation
of each variable.
An array of calls to
these functions is then built, ordered so
that all necessary input variables are
computed before the call to a function is
made. Resulting data are stored in shared
memory for access by any display process.
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Figure 1.
Ethernet enables user stations to be placed wherever
they are needed in the Electra. The cockpit also has interactive
capability. In the smaller aircraft only the RAF station is flown.
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Images
display
data
from
two
dimensional type instruments, for example,
cloud particle imaging probes.
The rate
at which new images are overwritten is set
by the user.
Zoom and freeze frame
options allow inspection of individual
particles.

Frame Label

4.4 User interactions
ADD_DELETE_AREA
range labels

The CRT surface is divided into five
areas (see Fig. 2).
The four large
windows contain selected data displays
while the fifth is the control panel. Any
display type can appear in any
display
window independent of the contents of the
other windows.
The
position of the
cursor selects the active
window.
The
control panel is selected
for global
actions and hardware control and provides
continuous, dynamic help.
Within each display window, the
position of the cursor defines the
actions possible.
Figure 3 shows the
interactive areas of the window. When the
cursor is moved into one of these zones,
the user is informed of possible actions
by an update of the control panel help
screen. If the cursor is over one of the
name or range labels the zone is also
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Figure 3.
Placing the cursor in the
proper zone allows the user to make the
changes indicated.
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Figure 2.
The full CRT screen showing four different types of
display windows. At the bottom is the control panel showing the
actions of function keys and trackball buttons when for the current
cursor location.
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4.5 Freeze frame
1000

100

750

0

If the user wishes to study a
particular time in any window, a "freeze"
toggle button is provided with which to
freeze a particular display or the entire
screen.
4.5 Hardcopy

500 -100

09:43:02

09:44:02

Hardcopy of the display windows is
available by placing the cursor over a
window and pressing the print button.
Both
monochrome
and
col or
printer
interfaces have been developed for the
system.

09:45:02

Change or Delete PSFDC (613.51 mbar)

QCRC (8.3083 mbar)

4. 6 Interaction with the data acauisition
system

Figure 4 .
Change trace has been
selected. The variable to be changed has
been highlighted and commented
for
clarity.

In those few areas where it is
necessary for the user to interact with
the data acquisition system, · alerts are
displayed to inform the user of the
consequences of the action that has been
requested.
The user can then proceed or
cancel the request.
Alerts are also used to request
corrected input in case of an erroneous
user entry.

highlighted.
Figure
4
shows
the
appearance of the window when it is
possible to change one of the data traces
being plotted. When the trackball button
is clicked over the highlighted area a
menu
appears
with
the
available
selections.
Similarly, highlighting the
y-scale area makes it possible to increase
or decrease the range of any variable by
clicking the trackball buttons.
Using the trackball in this way it
is possible to uniquely configure a
display window in less than a minute.
Entries in alphanumeric displays are
changed in the same way. Any new display
configured in flight can be saved for use
on subsequent flights.
The keyboard is available as an input
device but most users find the trackball
to be more efficient.
The xy plots can be configured with
an autoscaling feature which will keep all
the data for the time duration selected
within the display space.
Whenever data
values go out of range, a new range is
calculated and the display window is
redrawn with the new range values.

5.

SUMMARY

The single user version of this
system has been flown on five projects on
NCAR' s King Air.
User acceptance has
been excellent. Most find that the manual
is not needed for reference and several
have learned the system without using the
manual at all.
The consistency of the
interactions,
the
highlighting
and
dynamic help supplied are enough to
prompt users.
Flight tests
of
the
multi-user
networked system on the Electra are
scheduled for January, 1991.
Ground
support
software
which
provides data playback and analysis using
the same graphical user interface will
soon be available to users.
In flight
analysis,
such as spectra or Kalman
filtering, will eventually be real time
options.
While many additional features are
planned to be added to the system, the
basic functions are working well and
providing users with expanded capability
and ease of access to their data in real
time.

4.4 Data history
A
15
minute
history
of
all
displayable data is maintained.
By
default, time series plots are 15 minutes
in duration.
Data from the selected
sensors scrolls across the screen from
the right side and are updated at one
second intervals.
It is possible to
scale the time axis from three seconds to
twelve hours in length and the data will
remain on the screen as long as the
window is not rewritten for any reason.
If the window is rewritten, the previous
fifteen minutes of data will be plotted
and new data will continue to accumulate
to the selected duration of the display.
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REPRESENTING SYNOPTIC FEATURES IN METEOROLOGICAL EXPERT SYSTEMS

9.1

Mark J. Stunder
Timothy N. Sletten
GEOMET Technologies, Inc.
Germantown, Maryland

1.

INTRODUCTION

Table 1.

Development Criteria

General Expert System Development Criteria
Meteorology, particularly forecasting,
offers real challenges to the branch of
Artificial Intelligence involving expert system
development. Expert systems in meteorology go
well beyond the statistical and numerical
analysis/number crunching of mathematical
models.
Meteorological expert systems can deal
with model output as well as large amounts of
real-time data of various complexities from many
different types of sensors and measuring platforms (satellites, soundings, radar, surface
reports, etc.).
These data are interpreted by
the system using components of forecaster(s)
skill, knowledge, judgment and reasoning about
a subject to arrive at a conclusion/decision
intended to assist and advise the system user.
The components form the knowledge base of the
expert system and are typically expressed in a
heuristic (rule-based) format.

Does effort require only cognitive skills?
Does a base of genuine expertise exist?
Is the effort simplistic enough in the
temporal sense?
Does the problem area appear to be well
structured?
Will the expert system have a high payoff?
Could the problem area use heuristic
solutions?
Is the problem of manageable size?

Synoptic Representation Scheme Criteria
Does the solution require synoptic data?
What synoptic features and characteristics
are important?
What level of resolution is required?

Representing and entering synoptic features
into the knowledge base is an important and
sometimes difficult undertaking.
Knowledge
representation of synoptic features needs to
consider multiple characteristics including the
features intensity, movement, orientation, and
location with respect to geography and other
synoptic features.
The synoptic representation
technique and input mechanism also need to consider other criteria in terms of data inputs,
user priorities, external program usage/
linkages, system run time, etc.
2.

Can the synoptic rules be formally
identified?
What data is needed to implement the identified rules?
Is data readily available?
be interpolated?

If not, can it

How will the synoptic data be made
available to the system?

The feasibility of the system in general
and feasibility of an approach to representing
synoptic features are largely defined by these
criteria.
Other criteria which need to be considered from the standpoint of complete system
development include user interface functionality, knowledge-base limits, hardware
constraints and rule-stream structure.

REPRESENTATION SCHEME EVALUATION CRITERIA

Once an area for a meteorological expert
system application has been defined, development
criteria need to be reviewed from the standpoint
of total system development including any
synoptic considerations. Making an assumption
that general system development criteria have
been, or are in the process of being, addressed,
the more specific synoptic criteria can be evaluated.
At a minimum, the synoptic representation scheme and associated input method chosen
depend on user resolution requirements and
related knowledge-base data requirements.

3.

SYNOPTIC REPRESENTATION TECHNIQUES

For meteorological applications, especially
those dealing with forecasting, it is necessary
to consider atmospheric phenomena on a variety
of scales (planetary, synoptic, mesa, micro).
A
forecaster must integrate the phenomena on each
of these scales and evaluate their effect on
successively smaller spatial and temporal
scales.
This hierarchy provides an organized
approach to hand~ ing synoptic features in expert
systems.
Synoptic rules and data can be broken
out into separate modules by geographic regions.
These modules are then linked via keywords or
other triggers (linkage clauses) to appropriate
smaller scale modules as shown in Figure 1.

Table 1 shows some primary general development
criteria and synoptic criteria.

475

several French universities.
Another development effort using a physical parameter approach
for wind prediction is under way at GEOMET.

Meteorological Data
Feed/Interface

Objective analysis is another option but
costly in terms of computer resources (run time
and memory) and would likely require user
evaluation/input in cases where detailed analysis is required but has been smoothed out during
the objective analysis procedure.
Region 2

Region 1

Other
Regions

A hybrid approach allows the system to
infer synoptic features from a blackboard of
data (automatically entered, manually entered or
both).
Various data pools are examined
(example:
12 to 24 hour wind direction shifts,
pressure tendencies/gradient changes, cloud and
satellite data, etc.) to test rules for a particular synoptic feature.
These rules, in
essence, form a synoptic submodule checker used
as an object data feed to remaining synoptic
module rules.
If some categories of data are
missing, the system design can still allow
synoptic feature analysis, representing
increased uncertainty through lower probabilities.

Synoptic Rule Module
•
•
•

Pressure System Rules
Surface Frontal Rules
Upper Air Pattern Rules

• Etc.

•

Thunderstorrr
Mesoscale
Module

i
Wind
Mesoscale
Module

•

Additional
Module(s)

Figure 1

Another promising approach now being
studied is the use of pattern recognition schemes looking at specific map types and associated
conditions.

Within the synoptic rule base, it is convenient and logical to treat synoptic features
as objects with specific descriptors
(attributes).
Attributes in the case of synoptic features would define intensity, location,
movement, etc., using specific values.
The
attribute-value pairs can act as linkage clauses
(triggers) which activate other rules (in this
case a frame-based rule) or an appropriate
module.
For a simplified example, consider an
object defined as a low-pressure center with
intensity and location attributes 992 mb and
Ohio respectively.
The attribute-value pairs
define an indicator (high wind) which would
trigger submodule region 2 (Ohio Valley Severe
Wind).

4.

SUMMARY

Meteorological expert systems continue to
evolve and improve at a steady pace. With this
evolution, synoptic feature representation
within the knowledge base will experience
ongoing refinement.
The forecast rules attached
to synoptic features have been reasonably well
defined over many years and are easily represented in expert systems.
However, these rules
or objects, to be fully effective with a high
degree of accuracy, must have good representation of meteorological features at the synoptic level.
The techniqes discussed are
representative of current efforts to organize
and define synoptic features and analysis in the
knowledge base.

How the system determines the existence and
attributes of a synoptic surface feature can be
either an automated, manual or inferred hybrid
approach depending on system development and
synoptic criteria.

5.

The simplest approach is user input, where
(via a keyboard or mouse) a synoptic feature is
entered into a specific grid sector (example:
a
high is placed on southeast coast).
An enhancement of this technique uses a graphic interface
to draw features onto a map background and allow
system functions to translate coordinates into
specific sectors or regions.
Both these methods
have been implemented and tested in the development of a fog advisory system created for the
Air Force (Stunder et al. 1987).
Feature intensity and movement for both methods are also
input manually.

REFERENCES

Stunder, M.J., Koch, R., and Dyer, R., 1987.
Zeus: A Visibility Expert Advisory System.
Proc: Third International Conference in
Interactive Meteorological Systems, AMS, New
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A more intensive method from the standpoint
of computer and data resources entails a direct
expert system to real-time data link.
This
allows a number of options including the
approach using physical parameters (i.e., gradients) to determine feature location and intensity.
A system using this technique for clouds
has been developed by the University of Quebec
and will be extended in a cooperative effort by
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9.2

A KNOWLEDGE-BASED SYSTEM ARCHITECTURE FOR SHORT-RANGE
SINGLE-STATION WEATHER FORECASTING

W. H. Jasperson and D. E. Venne
Center for Atmospheric and Space Sciences
Augsburg College
Minneapolis, Minnesota

1.

INTRODUCTION

skills.
Other types of knowledge, such as
information about the temporal behavior of weather
elements such as fronts, can be described in terms of
networks of time relationships.

The past several years have seen a rapid
growth of experimentation with expert systems in
meteorology.
Early systems to forecast severe
weather such as WILLARD (Zubrick and Riese,
1985) and METEOR (Elio, 1985, and Elio et al.,
1987) were intriguing enough to stimulate further
development in this and other areas of meteorology.
Examples include upslope snow forecasting in
Colorado (Swetnam and Dombroski, 1985), fog
forecasting (Stunder, 1987), interpretation of radar
signatures (Campbell & Olson, 1987) and the
formation of ice on roads and bridges (Takle, 1990).
As a sign of the increasing maturity of this
technology, several systems developed for forecasting
severe weather were tested in a common field
experiment during the summer of 1989, and their
results are currently being evaluated (Roberts et al.,
1990).

The diverse set of tools required to embody
these skills and make them accessible to the user
suggests that a successful forecasting system be able
to incorporate them all. Many previous systems
have not had this ability because they were built
using a single software tool (e.g., an expert system
shell) or programming language (such as LISP,
prolog or a proprietary language). Oftentimes these
systems were very good at dealing with one aspect of
their targeted problem but performed other functions
The current trend is away from such
poorly.
"monochromatic" systems and towards flexible, more
opportunistic systems.
The system currently under development (and
given the working name Itasca) is designed to have
the potential to use any knowledge that can be
expressed in, or commuhicate with, C-language
routines and databases. This allows for the use of a
great many knowledge encapsulation schemes
because C is the dominant language for systems
running on microcomputers and workstations. The
following system description highlights the major
components of Itasca, starting with the C-coded
command structure that ties all the knowledge tools
together.

As meteorologists' experience with expert
systems continues to grow, what is commonly
thought of as human expertise or problem solving
ability will be included in an increasing number of
applications. Because these applications will be
addressing increasingly complex problems, expert
knowledge alone will be only one part of the full
solution. An application will succeed to the extent
that it is able to incorporate the needed expert
knowledge and integrate it with other algorithmic
tools needed to solve the selected problem.

2.1
This paper presents the architecture of a
system
currently
under
knowledge-based
development to provide short-range weather
forecasts from limited data. Specifically, its goal is to
simulate the classical single-station forecasting
problem. This problem is particularly interesting
because the ingredients necessary to solve the
problem include structured processing, numerical
computation, inferencing, and heuristics.
2.

Control Structure

Systems that are exclusively rule-based
generally have domain knowledge expressed in only
a fraction of their rules. While for simple systems
this fraction may be large, as system size and
complexity grow the portion of rules containing
procedural or "control" information increases rapidly.
This control overhead arises because rules are not
efficient managers of user interfaces, databases, or
extensive goal structures. The same can be said, to a
lesser extent, of LISP- and prolog-based systems. In
addition, rules and LISP functions are particularly
poor means of describing numerical algorithms.

SYSTEM DESCRIPTION

The task of forecasting short-range weather
from limited data requires a variety of skills. Some
of these skills, such as heuristics concerning physical
behavior, can be efficiently described in terms of
collections of rules, commonly referred to as
knowledge bases (KBs). Other skills may be more
effectively emulated through the use of nenral
networks. For example, drawing information from
an upper air sounding involves pattern recognition

On the other hand, routines coded in C are
well suited to expressing computational algorithms,
driving user interfaces and accessing databases. A
large volume of C-based libraries exist for graphics
and interfaces on microcomputers and workstations,
and C is highly portable. Most of the middle- and
upper-priced expert system and neural network
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I
2.2

development tools provide the ability for their
products to call (and be called by) C routines.

KBs in the system serve to encapsulate the
expert knowledge obtained from a meteorologist with
single-station forecasting skills. KB domains will
generally be broken along lines of the control blocks
noted above, with the exception of global KBs that
will exist for the life of the forecasting session. Nonglobal KBs will be loaded and unloaded as they are
needed, permitting a dynamic allocation of resources
and more sharply defined task domains. Loading
and unloading of KBs can be accomplished through C
routines and other KBs.

Itasca therefore works on the principal of
using each tool (inferential KB, neural network, C
graphics routine, etc.) to do what it does best. C is
used as the language by which all tools
communicate, and provides the backbone of the
system (Figure 1 ).
This imbedded architecture
permits almost total interconnectedness: C routines
can call KBs (and vice versa), KBs can call neural
networks, neural networks can call C routines for
initial data (and vice versa), temporal networks and
databases can be accessed or modified by any tool,
and so on.

The dynamic use of KBs and their callability
from other KBs contributes to the goal of keeping
KBs simple, concise and understandable. This is
especially important during the development stage,
where KBs are frequently modified. Division of the
tasks into small KBs allows the system to be built
incrementally, as each KB can be added to the C
backbone as it is completed and immediately tested.
This serves to make each KB easier to verify and
validate in its intended operating environment.

User Interfaces ,
- Editors
- Viewers

Control Blocks
- Initialization
- Observations
-Analysis
- Forecast

~

~~~;:M*-Js;:J~;ff :~:t~..._~-::;:;t~~~::_~~ik?.~:·=

An essential feature of KBs is their ability to
contain class and object definitions. Classes and
objects are used to create self-descriptive
representations
of
both
geographical
and
meteorological entities. These objects are intimately
tied to rule-based knowledge structures, enabling
them to activate processes that determine values for
their attributes, or slots. For example, if a KB
determines that a cold front exists (based on cloud
observations), the KB creates a cold front object from
the class cold-front. This object inherits a variety of
slots from its defining class and other classes higher
in the class hierarchy. One of the slots is time-toarrival of the cold front, to which is attached a
"metaslot" which contains procedures to be invoked
when time-to-arrival's value is needed. At some later
time, when the value is needed, the metaslot invokes
a rule sequence to supply the value.

w

NeuralNetworks
M@lli~\t~~??~~~!~M:: "<- {~i'<'i!i~

Databases
:m
- Climate
[\~
- Geography
i!~
- Observations l~

Objectbases

Knowledge Bases

KBs are being developed in the microcomputer
and workstation environments using NEXPERT
Object by Neuron Data. NEXPERT Object supports
a wide range of capabilities, its KBs are
transportable across a variety of platforms, and the
runtime library permits the inference kernel and
KBs to run as an embedded system.
The
microcomputer version of the NEXPERT kernel
supports only Microsoft C at this time.

~i

$~~~=~~::.:~:M:$:~::~~i::::::~r~

~::::::~~:~::~~~::c::~:?:*~~~~:~:~m~~m:~~~:;::~~~~~~~:.;:

2.3
Figure 1. Itasca system overview.

User Interfaces

The task of weather forecasting (and,
specifically, single-station forecasting) has many
highly graphical components. Forecasters generally
use graphic representations of data in forming a
model of current conditions. These representations
may be realistic, such as surface maps of pressure
and front locations, or abstract, such as upper air
profiles or hodographs. In a fully automated system
none of the graphical forecasting tools would be
required; the user would need only a graphic
representation of the forecast fields.
However,
because it is desirable to keep the human forecaster
"in the loop" and allow him or her to modify analyses
and forecasts, all the graphical tools needed by a
single-station forecaster should be built into the
system.
Itasca uses a variety of mouse-driven
graphical user interfaces (GUis) to implement these
forecasting tools.

The C routines are divided into control blocks
that are roughly analogous to the major tasks of the
forecaster. The initialization block establishes the
local environment in terms of geography and climate.
The observation block is used to input, modify, and
preprocess surface and upper air observations. The
analysis block produces a representation of the
current meteorological state, and the forecast block is
concerned with the carrying of this state into the
future. Routines that span two or more of the blocks
are placed in a global block, allowing them to be
accessed by all routines. Examples of these are
computational routines, routines that access the
databases, and graphics and system utilities.
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Itasca GUis may be broadly classified as
Viewers and Editors. Viewers are used to aid the
forecaster in understanding either the data
(geographic, climate or observation) or system
products (analyses and forecasts). Editors provide
the user with the capability of entering or changing
both qualitative and quantitative information. An
example is the Upper Air Observation Editor, a textbased dialog box that allows the user to enter upper
air observation data. The companion Upper Air
Observation Viewer, on the other hand, is a fully
interactive skew-T diagram with time series and
hodograph plotting capabilities. Another example is
the Analysis Editor, which will use a mixed graphics
and text display to give the user freedom to change
elements of the analysis (such as the parameters
that describe a front).

Time dependence networks provide a
representation of events that may be used as
templates for analyzing data and constructing
forecasts. Developed by Allen (1983) and Koomen
(1989), time networks relate temporal intervals
during which physical events occur through the use
of simple, straightforward constraints such as "after"
or "during". Relational networks are then built from
the intervals and their constraints in a way that
minimizes computer memory requirements without
sacrificing information content.
The network
provides the capability of obtaining the constraint
between two intervals even though that constraint is
not explicitly present. Rules from a KB may be used
to modify, add or delete intervals contained within a
time dependence network, or merge entire networks.
As a part of this project, time networks are
being explored as a possible means of using
knowledge about time-dependent events. They may
be used in the identification of the current synoptic
state, knowledge of which is of fundamental
importance, and in predicting future events. The
synoptic state can be determined through the
observations of cloud types, pressure changes, wind
shifts, etc., that occur in physically and temporally
consistent order. In operation, time networks of
observations may be compared to predefined
networks of events describing typical synoptic
configurations. Information relating to the absolute
timing and duration of events, not contained in the
time network, is obtained through the use of KBs
and the other tools employed by the system.

Pull-down menus and dialog boxes are
employed by the user to navigate the system. Menu
items are activated (made selectable) and
deactivated as system status changes, providing a
degree of built-in guidance for the user.
For
example, the menu item that causes the system to
produce an analysis is not activated until the system
has been initialized and the observation time has
been specified.
2.4

Computational Routines and Neural Networks

Many weather forecasting tasks involve pure
numerical computation. Examples of these tasks
include determining shear, calculating stability and
temporally smoothing highly variable surface data.
Itasca uses C routines to perform these tasks,
removing them from KBs where they may be
cumbersome and obscure the meaning of KB
operation. As noted previously, these routines may
be called from KBs if and when needed.

2.6

Limited-data, short-range forecasting uses
information about local geography and climate to
establish surface-induced weather modifications and
to set baseline values and ranges of meteorological
parameters. This requires the availability of a
geographic database (containing information about
topography, surface roughness, etc.) and a
climatological database (with statistics for mean
temperatures, diurnal variations, etc.). As these
databases are necessarily large, Itasca will make use
of databases stored on CD-ROM disks.
These
databases will be accessed using the C routines
mentioned above.

Neural networks can be used to address
different types of problems than do computational
routines. For example, the detection of airmass
boundaries in sounding profiles can be treated as a
pattern recognition problem, and so is amenable to
neural net solution. Itasca may use neural nets to
solve this and similar problems, with the nets
callable from KBs or C routines in much the same
way as computational routines. All neural networks
employed by Itasca are expected to be trained during
the development phase and not during actual system
use. Currently the use of neural networks is being
explored in the microcomputer environment using
the OWL software package by Olmstead and
Watkins.
2.5

Databases and Objectbases

Observations (both surface and upper air) are
accessed frequently by the system and updated or
modified occasionally, making CD-ROM storage
inappropriate. Instead, observations are stored in
random access memory (RAM) with a duplicate
maintained for security on a hard disk.

Temporal Networks

A large number of objects are created by C
routines and KBs during system execution and
collectively referred to as the objectbase. These
objects describe, among other things, geographic and
meteorological entities and their attributes and are
maintained in RAM. These are created chiefly for
use by KBs.

Forecasters analyzing data or maps often form
patterns of expected future weather behavior in their
mind. For example, if a forecaster perceives that a
cold front is approaching, he or she will anticipate
possible convective precipitation and wind shift
associated with the frontal passage and, in the new
airmass, gusty winds with colder temperatures.

3.

Such temporal reasoning is possible because
meteorological events at any given time are highly
dependent on preceding events. This extensive timedependence, if properly captured, can be used to
provide guidance during analysis of current weather
and forecasting of future events. This is particularly
true when working with limited data.

SUMMARY

The knowledge-based system Itasca is being
developed to perform short-range, single-station
weather forecasting using very limited observation
data. Itasca's design is intended to permit it to make
use of a wide variety of knowledge representations
and programming tools. Its knowledge bases use
class and object definitions with tunable inheritance
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and inferential reasoning using rules. Itasca makes
use of C-based computational routines, neural
networks and time-dependence networks. It relies
heavily on graphical user interfaces for user-system
communication, and allows users to make
modifications at three points in a session:
observation input, analysis production, and forecast
production.
4.

ACKNOWLEDGEMENTS

This work is supported by the United States
Air Force Systems Command, Air Force Geophysics
Laboratory under contract F19628-89-C-0015. A
portion of this project was conducted at Control Data
Corporation, Minneapolis, Minnesota.
5.

Stunder, M., R. Koch and R. Dyer, 1987: The use of
an expert system in assisting forecasters in
visibility prediction.
Preprints, Third
International Conference on Interactive
Information and Processing Systems for
Meteorology, Oceanography, and Hydrology.
American Meteorological Society, Boston, 206207.

REFERENCES

Allen, James F., 1983: Maintaining knowledge about
temporal intervals.
Comm. Amer. Comp.
Mach.,26,832-843

Swetnam, G. E. and E. J. Dombroski, 1985: A
demonstration expert system for weather
forecasting.
Preprints, 2nd International
Conference on Interactive Information and
Processing
Systems
for
Meteorology,
Oceanography and Hydrology.
American
Meteorological Society, Boston, 310-316.

Campbell, S. D. and S. H. Olson, 1987: Recognizing
low-altitude wind shear hazards from Doppler
weather radar:
An artificial intelligence
approach. J. Atmos. Oceanic Technol., ,1, 5-18.
Elio, R., 1985: Knowledge representation in an
expert storm forecasting system. Proceedings,
Ninth International Joint Conference on
Artificial Intelligence, Vol. 1. Los Angeles,
CA.

Takle, E. S., 1990: Bridge and roadway frost:
occurrence and prediction by use of an expert
system. J. Appl. Meteor., ,1, 727-734.
Zubrick, S. M. and C. E. Riese, 1985: An expert
system to aid in severe thunderstorm
forecasting. Preprints, 14th Conference on
Severe
Local
Storms.
American
Meteorological Society, Boston, 117-122.

Elio, R., J. De Haan and G. S. Strong, 1987:
METEOR: An artificial intelligence system for
convective storm forecasting.
J. Atmos.
Oceanic Technol., ,1, 19-28.
Koomen, Johannes A. G. M., 1989: The TIMELOGIC
Temporal Reasoning System.
Technical
Report 231 (revised), Department of Computer
Science, University of Rochester, 33 pp.
(Address: Department of Computer Science,
University of Rochester, Rochester NY
14627.)

480

9.3

AUTOMA1ED GENERATION OF TAILORED WEATIIBR PRODUCTS

E. G. Livaditis
J. P. Mittehnan
S. M. Zobell
The MITRE Corporation
McLean, Virginia

1.

numerical model outputs. By investigating applications of
automation to weather product preparation, our goal is to
demonstrate a proof of concept for improving the timeliness
and useability of weather products for communities of users
with varying skills and operational requirements.
Additionally, use of such automation will be basic to a
strategy for managing the anticipated massive increase in
data volume provided by newer generations of atmospheric
sensing equipment (for example GOES-NEXT, Profiler,
Next Generation Weather Radar (NEXRAD) and automated
observation systems).

INTRODUCTION

As part of a MITRE independent research and
development program, a two year project is currently under
way to examine applications of automation to weather
product generation. The goal of this project is to
demonstrate improvements in the timeliness and useability
of weather products for users with varying skills and
operational requirements. This will be accomplished by
applying automation to the weather product preparation
process and generating weather products tailored for specific
uses. The approach for accomplishing this goal is based on
developing an end-to-end testbed facility emulating the key
functions of a generic weather information system. The
testbed is viewed as a facility where MITRE's expertise in
system engineering adds value to the work of meteorologist
researchers and technique developers. This paper presents
the results of the ongoing research, and the planned future
efforts. Subsequent sections of this paper will elaborate the
description of this weather information testbed facility by
providing historical perspective on its creation, cataloging
the objectives it was intended to meet, outlining the
technical approach that guided its realization, highlighting
its operation, illustrating its operation by examples, and
outlining future work.
2.

One approach for applying automation to product
preparation is to develop a geographically organized
database of meteorological parameters from which weather
products differing in form, content, and presentation, can be
prepared to meet the particular needs of individual users.
The concept of a gridded, geographically organized database
of meteorological parameters and tailored retrieval was first
developed in the 1970s as part of MITRE's research and
development work for the FAA addressing improvements in
pilot weather briefing services [3]. The concept was well
received at that time by both meteorologists and pilots and
was extended during the first year of this project to
consider other aviation needs and new weather sensors.
The concept is now evolving to incorporate the interests of
other weather information users, e.g., marine hazards for the
U.S. Coast Guard, precipitation mapping for the U.S.
Department of Agriculture, and detailed storm summaries
for the Federal Emergency Management Agency.

BACKGROUND

A wide spectrum of users require timely weather
information presented appropriately for their individual
needs and abilities. In the transportation industry, the
Federal Aviation Administration (FAA) requires weather
information in order to promote safe and efficient air
transportation. Disaster management organizations such as
the Federal Emergency Management Agency and the
Department of Energy need weather information to
determine environmental impacts and the availability of
refuge in the event of natural or industrial disaster. In the
agricultural sector, farmers employ weather information to
make optimal use of water, chemicals, and specialized
equipment, and the Forest Service requires weather
information to track the risk and progress of forest fires.
Since the majority of these users lack extensive
meteorological training, weather information must be
provided to them not as raw data, but as products
specifically designed and generated for their unique needs.

3.

OBJECTIVES

The first project objective was the fabrication from
available technology of a testbed facility representing a
generic weather information processing and dissemination
system. To minimize risk and the cost of development,
extensions of prior work and commercial off-the-shelf
components would be used to the maximum extent possible.
The use of research components would be restricted to
those situations where no prior experience or commercial
component was available. Since the testbed would have to
be rapidly reconfigured and applied to problems of varying
scale, software engineering of the testbed would emphasize
the use of standards supporting distributed processing and
interoperability among platforms of differing manufacture.
The testbed would also provide a vehicle for development
and demonstration of prototype tailored weather products,
supporting the principal project objective: specification of
weather products tailored for specific users, resulting from
successive refinement of prototypes. All experience gained
fabricating a flexible, scalable weather information testbed,
understanding the requirements of weather information users
and producing tailored weather products would be valuable
groundwork for the development of the next generation of
advanced weather information systems.

A number of improvements are being made to the
weather sensing, data processing, and information display
systems available to these and other users. However,
weather product preparation is a labor intensive operation
that has not kept pace with the advances in sensing and
analysis tools and anticipated increases in the volume of
sensor data. Currently the automation tools used by
weather product preparers are primarily word processing,
spelling checking facilities, and plotting and display of
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4.

APPROACH
Sources

Database

Prior work for the FAA in weather data processing,
database maintenance, and weather sensor interfacing served
as the foundation for the development of a weather
information testbed facility. The testbed facility was the
culmination of three parallel tasks. The first task resulted
in the development of input processing capabilities;
following examination of the weather information needs of
users, processes were developed for extra~t?1g ess~ntial
information from weather sensor data. lmtially, pilot report
and weather radar data were emphasized, but other sensors,
such as satellite imagery, will be incorporated. The second
task resulted in the development of techniques for
organizing and retrieving weather information based on four
dimensional (geography and time) criteria. Finally, the
third task resulted in a capability to prepare from the
available data, weather products with differing vocabularies,
formats, and presentations tailored for specific applications.

Hazardous

Area
Outline

Severe

Coastal
Storm
Watch

During the first project year, the testbed capabilities
were developed and validated using scenarios hig~lighting
severe weather and aviation applications. Followmg
research into the weather needs of other users, the testbed
will be expanded to incorporate additionally required data
sources such as satellite and remotely sensed data, and to
generate products for non-a~iat~on applications .such as.
marine and agricultural advisories. By generating multiple
tailored products from the same meteorological input, the
testbed will demonstrate the quality improvements and
workload reduction possible with automated product
generation.
5.

Products

Figure 1. Concept of Test Data Operation

5 .1

TESTBED OPERATION

Input Processing

The input processing software receives the weather
products, extracts essential information, reformats this
information (if necessary), and registers it with the data
base. The exact nature of this process differs for each type
of product ingested, but in general there are three types of
ingest process for three classes of products: NEXRAD
image products, NEXRAD point products, and text
products.

Off-the-shelf hardware components were selected for
the testbed. These include:
• Stardent GS-2000 Graphics Superworkstation for
data visualization and high performance
computing
• Sun Sparcstations for program development and
human-computer interaction

5.1.1 NEXRAD Image Products
The NEXRAD image products currently ingested by
the testbed are:

• Stardent ST500 workstation for high performance
computing (late delivery of the ST500 was
accommodated by using a Stardent ST1500
during the initial phase of the project)

•
•
•
•

The defacto standards commonly used by the
scientific workstation community and generally accepted
conventions such as X-windows and Remote Procedure Call
(RPC) readily supported communication and interoperability
of software developed on these three platforms.

Composite Reflectivity
Layered Composite Reflectivity
Layered Composite Turbulence
Echo Tops

These derived NEXRAD products were selected
because their information content and resolution are
appropriate to the varied target applications.

The concept of the testbed's operation is illustrate~
in figure 1 and the flow of data in figure 2. First, essential
weather information is extracted from sensor data,
observations and products. These data are then registered
in a geographically oriented data base that supports.
.
information retrieval based on criteria such as location m
time and space in addition to retrieval based on
phenomenon type and intensity. When changes in the data
base contents are detected, product generation is performed
by synthesizing pertinent information from the data. base'.
followed by product dissemination. Testbed operation will
be described in terms of input processing, data base, and
output processing.

Upon receipt of these products, input processing
begins. First, the product is displayed in its entirety from
the original data format. Then the desired levels of
intensity are extracted from the product, and sent to the
data base as a two-dimensional array. The extraction is
performed by defining a threshold and extracting da!a at ~11
levels above this threshold. For example, for a 16 mtensity
level product, an extraction threshold of 8 will result in
levels 8 through 16 being extracted. Before the extracted
product is sent to the data base, filtering is perf?rmed on
the data to eliminate some of the noise present m some
image products. Other information required by the data
base (e.g., the product name) is also extracted and sent to
the data base.
Since limited NEXRAD data are available, ingest
processing is initiated by manual command.
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Figure 2. Data Flow
The text products are ingested by coarsely filtering
them, if necessary, and parsing them for particular
phenomena and/or phenomena intensity. Products are
displayed (both graphically and in a text form), and an
entry is made into the data base for the appropriate
phenomena, including the original product as data.

5.1.2 NEXRAD Point Products
The NEXRAD point products ingested are as
follows:
•
•
•
•

Storm Track
Mesocyclone
Hail Index
Tornado Vortex Signature

The parsing of the text products varies because of
the different nature and the intended use of the products.
Because of the abundance of text products, they may be
ingested under script control simulating live conditions, in
addition to being controlled by manual command.

To process these products, they are first parsed and
decoded to determine the location and phenomenon. Then
they are displayed as symbols and they may be overlayed
on image products. If a readable text version of the
product is available, it is also made available for display.
After display, they are stored in the data base and if there
are multiple occurrences, each is stored in the data base as
a separate product entry.

5.2

Data Base

A common data base provides weather information
and geographic data services to the testbed. This data base
contains both geographic location information and
non-geographic information describing various weather
phenomena. Non-geographic information in the data base
includes valid time, weather phenomena classification, and
intensity or severity information. Queries can be directed
to the data base for records satisfying geographic proximity
requirements and for records satisfying given
non-geographic requirements. Complicated queries to the
data base can be formed by combining geographic and
non-geographic queries using the logical operations of AND
and OR. More complicated queries may be formed by
grouping simpler query forms with parenthesis.

As with the image products, these products are
ingested on-manual command because of the limited
number of products available to the testbed.
5.1.3 Text Products
The text products ingested are as follows:
• Pilot Reports (PIREPs)
• Surface Observations (SAs)
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Geographic locations in the data base are stored
either as point locations, used to store PIREPs and SAs, or
as regions , used to store image data such as radar
reflectivity or turbulence information. As an example, a
record containing a region could describe areas where the
NEXRAD Composite Reflectivity indicates values higher
than 30 dbz. The ability to store and process region
information is accomplished through QUILT, a prototype
Geographic Information System (GIS) obtained from the
University of Maryland[4]. QUILT uses a quadtree
representation to store geographic regions.

• Images representing different areas (such as radar
images from two radars at different locations)
can be placed into the same coordinate system
with little increase in the sizes of the resulting
quadtrees.
QUILT provides the ability to form the unions and
intersections of quadtrees, expand the regions within a
quadtree by a given distance, and to determine the area of
the region within a quadtree. These and other QUILT
capabilities have been combined in various ways to provide
the ability to query the data base for records whose
geographic area overlaps a given region, or contains a
given point, or is within a given distance from a given
point or region. Using these capabilities, a process can
determine which records in the data base are geographically
related to a given point or region.

A quadtree can be formed from a 2° x 2° image by
subdividing the image into quadrants and successively
subdividing each quadrant into subquadrants until
homogenous blocks are obtained. As an example, consider
the region shown in figure 3a and the 22 x 22 binary array
representation of the region in figure 3b. The quadrant and
subquadrant decomposition of the array to obtain
homogenous blocks is shown in figure 3c. This
decomposition can be represented by a tree of degree 4
(each node has 4 children, the origin of the name
"quadtree") shown in figure 3d. These four children of
each node represent the North-West, North-East,
South-West, and South-East subquadrants.

In addition to the region manipulation capabilities of
QUILT, a need was seen for contouring functions to allow
description of the boundaries of weather events and
simplified displays of their extent. We have developed a
library of such functions to contour region data, manipulate
contour boundaries, and produce contours of restricted
complexity, such as convex polygons.

The QUILT GIS represents this quadtree structure
with a linear quadtree. The details of a linear quadtree and
its formation are beyond the scope of this discussion (See
Samet [1] for details). The use of a linear quadtree permits
convenient disk storage as it is maintained in sorted order
allowing efficient search and manipulation.

The capabilities that QUILT and other GIS
packages contain are useful in processing weather data.
However, QUILT was not designed for real-time receipt
and processing of large volumes of short-lived information.
Currently, no commercial GIS packages known to us is
designed for this type of use. With access to the source
code for QUILT, we were able to modify QUILT to meet
the real-time needs of the testbed. This required the
addition of special code allowing testbed applications to
interface with lower-level QUILT functions.

The use of the quadtree to represent images has the
following benefits:
• The space required to store a quadtree is
generally much smaller than the space required
for the original image unless the image is very
noisy.

5.3

Output processing is responsive to changes in the
data base such as registration of new information and
removal of outdated information. These changes are
detected by periodic evaluation of a log which documents
these and other data base events. When a data base event
is detected, this situation is analyzed by performing data
base queries to gather together all data base information
proximate in space and time to the detected event. A
product generation function is then activated to evaluate this
subset of information. Since product generation is
relatively time consuming, multiple product generation
function are permitted to be active simultaneously. A
product generation function will organize all of the
information provided to it and generate all products
appropriate to this collection of information. The events of
registering these generated products in the data base are
detected by other output processing functions which
disseminate generated products and determine whether
superceded products should be removed from the data base.

• Since quadtrees are generally smaller than the
images they represent, algorithms that work with
quadtrees generally have to examine less
information resulting in faster execution times.

[)
a

0

0

1
1
1

1
1
1

0
0
1

0

0
0
0
0

c

b

Output processing

A technique based on attribute grammars [2J is used
to organize the information and generate products. From
among the documented language definition techniques, a
technique based on attribute grammars was judged to offer
the best combination of expressive power, easy specification
of context sensitive requirements, and precise identification
of specification errors (see Marcotty [5] for a comparison
of the various techniques and historical perspective).
Attribute grammars are a generalization of context free
grammars with attributes being associated with grammar
symbols. Semantic equations provide these attributes with
values based on other attributes and the relationships of the
symbols, thus context sensitive productions may be
expressed. In our applications, this technique enforces

1 2 3 4

d

Figure 3. (a) A region; (b) The 4x4 binary array
for the region; (c) Homogenous sub-quadrent blocks;
(d) Quadtree for the region
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•

For this example, the HZW is based on severe
turbulence and is created using a NEXRAD turbulence
image product and pilot reports. First, the NEXRAD
turbulence product is ingested by the input processing
software with the extraction threshold set to 8 so only
turbulence levels 8 and above are stored in the data base.
Because we do not have a high quality turbulence product,
a composite reflectivity product was used for development
purposes. Referring to figure 5, levels of 8 and greater are
?is~layed in darker shades and all lower levels are depicted
m hght gray. After the product is stored in the data base
the situation analysis process detects that a change in the '
?ata bas7 has occurred and retrieves the appropriate
informatton from the data base. Then the product
generation process builds the abstract syntax tree relating
these products. The tree is then traversed to generate the
text form of the product seen in the box at the bottom of
the figure. The graphical form is generated by first
contourin~ the_ extracted image product resulting in 36
contours m this case. Contours with an area smaller than a
threshold are eliminated. Then each remaining contour is
converted _into a convex polygon and expanded by 20 km.
The resulttng expanded polygons are then intersected
together and a convex polygon is created around that result.
The result in this example is three polygons.

Hazardous Area Outline
HZW 161400effective1400-1600
TURBC-SVR, CONV-SVR
Coverage LAT/LON-LAT/LON-LAT/LON-LAT/LON

• Severe Coastal Storm Watch
Coastal Storm Watch - effective 1000 EST until
1200 EST, a warning remains in effect for severe
coastal storms with the potential for heavy rain
'
gate force winds and severe beach erosion

Figure 4. Tailored Products
consistency among varied tailored weather products
generated from a set of meteorological information, since a
single abstract syntax tree underlies all products so
generated. Figure 4 illustrates the formats of two products
generated from the same meteorological information.
Attribute equations may invoke support subroutines
and geographic data services to perform additional
processing such as image contouring that may be required
by specific product types. Since context sensitivity may be
propogated by the attribute equations, contour simplification
parameters may be adjusted dynamically based on other
weather information. Presently contour simplification values
are parameterized and adjusted to compensate for noise and
uncertainty in data sources.

When th~ pilot reports are ingested, each report is
parsed to determme the phenomena and its severity, and
subsequently stored _in the data base. The situation analysis
and product generation processes repeat their efforts for
each report entered, but in this case generate products only
when severe turbulence is detected among the evaluated
~eather information. For the graphical product, a 40 km
cucul~ contour i~ created around the reporting locations,
and this contour 1s used when the hull intersections are
performed, as discussed above. In figure 5, such a circle
can be seen in the upper right hand portion of the display
area. Howev.er, two other pilot reports (right portion of
screen and shghtly left of center portion of the screen)
~tersected with the polygons generated by the NEXRAD
IIDag~ product resulting in a larger area outlined, thus
mergmg two types of data into a single product. The
HZW is lmally depicted as the four polygons.

The Synthesizer Generator [6, 7] is a software
system that generates language specific editors for
languages based on attribute grammar definitons and
provides necessary run time support for the generated
editor. In the testbed, using specifications of desired output
products as input, the Synthesizer Generator directly
produces the software that generates products.
6.

EXAMPLES OF TAILORED WEATHER
PRODUCTS

6.2

Our efforts to date have created two examples of
tailored weather products generation. The first illustrates
the automated nature of product tailored to specific aviation
users. The second example shows the initial planning
effort in applying the testbed technology to non-aviation
applications.

Unlike the HZW product discussed above the fire
prediction and tracking product is primarily a fro~t-of-the
panel display at this time (see figure 6). However, like the
HZW , the concept is to bring together a variety of data
sources together and create a new product from them
tailor~d for the special needs of a weather information user.
In this case the inputs to the products are the following:

In both examples the parameter selections for
thresholding and contour simplification are selections made
to demonstrate the concept. As the generated products are
evaluated and refined, these values will be changed to more
accurately reflect meteorological conditions.

6.1

Fire Prediction and Tracking Product

Fire. danger index--depicted as regions of high,
medmm, and low fue danger by thin dashed
lines

Hazardous Weather Area Outline (HZW) Product

Surface winds--depicted as wind barbs generated
by the input processing software

In this example, the hazardous weather area outline
(HZW) product is automatically created. In the future air

Total rainfall accumulation NEXRAD product-depicted as the displayed image product (in lieu
of this product, the composite reflectivity
product was used as a display example)

traffic control system, this product will be used to inform
air traffic controllers of areas containing hazardous weather
by providing them a conservative, simplified display. In its
planned graphical form, it is displayed as a polygon with
text and symbol annotations. At this time, we generate
polygons and a text form corresponding to the vertices of
the polygon.

Terrain model (not depicted)
Fire locations--depicted as solid polygons,
presumed to be manually entered
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Figure 5. Hazardous Weather Area Outline Product
The resulting generated products depict the
predicted fire locations graphically as dashed polygons,
overlaying the original input data.
7.

areas. We anticipate that expansion of the testbed to
support the needs of these and other users will require the
incorporation of weather information from satellites and
other remote sensors in the data base to support this
research. This will require the inclusion in the testbed of
filtering and parsing functions appropriate for these sensors.

CONCLUSIONS AND FUTURE WORK
During the first year of the project we have found

that:

We will also be examining the results of other
MITRE research activities such as application of
mathematical morphology to image contouring and
applications of neural networks to classification of satellite
imagery.

Current workstation standards and conventions
permit ready networking and interoperability of
applications operating on different platforms
Quadtree based techniques permit flexible and
space efficient storage of geographic data

In addition to the planned development of the
testbed, we will be developing improvements to aspects of
the testbed which our experience shows us to be beneficial.
The areas where improvements and additional work will be
performed are:

Grammar based techniques such as the
Synthesizer Generator support the rapid
prototyping of weather products tailored for
specific applications

Optimized NEXRAD filtering and contouring
algorithms

Tue emphasis of development and use of the
testbed in the future is on defining the requirements of
other weather information users and developing prototype
products to resolve these needs. In the near term, in
addition to working with the U.S. Forest Service, we plan
to collaborate with the U.S. Coast Guard to demonstrate a
proof of concept for products expediting efficient and safe
navigation of the Great Lakes and simplifying the process
of developing and disseminating warnings in maritime

A more extensive catalogue of terrain and
geographic data
More extensive use of parallel processing to
enhance performance
Evaluation of interactive presentation techniques
tailored to user skill level
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Figure 6. Fire Prediction and Tracking Product
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9.4

A METEOROLOGICAL APPLICATION OF ARTIFICIAL INTELLIGENCE:

FORECASTING INSTRUMENT FLIGHT RULES CONDITIONS

Bernard N. Meisner. Ph.D .. C.C.M.
Department of Meteorology
University of St. Thomas
Houston, Texas

I. INIRODUCTION
Under the planned .reo.rgan.ization of the National Weathe.r
Service (Dept. Commerce, 1989), the area of responsibility
for most forecast offices will be enlarged while,
simultaneously, the amount and kinds of data available will
also be si1nificantJy increased. Under these conditions,
well desianed artificial intelligence CAI) and expert system
computer programs can aid the forecasters. particularly
regarding the accurate forecasts of rare events.
This research investiaation involves the potential
application of AI to the forecast of Instrument Flight Rules
(IFR) conditions at Houston. Tens, using standard
meteoroloaical data. Althoueh the 1oal of this research is
to develop a computer program that produces accurate
forecasts of IFR conditions objectively. under normal
conditions I expect it would be used as an aid to a forecaster
mating a subjective forecast.
The data used in this study were the surface airways
hourly observations ta.ten at Houston's Intercontinental
Airport UAH) from June. 1969 through December; 1987.
The ai.rpo.rt is located about ~4 miles NNW of the Gulf of
Mexico. 39 miles NW of Galveston. Bay. at an elevation of 96
feet above sea level (Figure 1). The coastal plain
surrounding JAB is generally smooth and slopes gently
upward to the north and west. The format of the data is
described in National Climate Data Center. 1989. Data for
the first few years are available at a three hou.rly interval
starting at midnight Local Standard Time (LST); and fo.r
eve.ry hou.r for the more recent years.

Figure 1. Map of Tesas showi1lg current and future sites
for this study.
2. FOG AND STRATUS
2.1

m

Geo.rge ( 19'CO) states that the necessary conditions for the
formation of fog result from either decreasing the
temperature o.r increasing the moisture content of the
lower layers of the atmosphere. As noted by Meyer aad
Lala (1990). to accurately forecast fog. one must be familiar
with both fog climatology and local meteorology.
Large-scale fog climatologies have been presented by
Stone (1936), Court and Gerston (1966), Peace (1969) ud
Hardwick (1973). The annual and diurnal variations of
poor visibility at IAH a.re shown in Figures 2 and 3.

Whenever the ceiling height (the height of the lowest sty
cover laye.r that is more than 1/2 opaque) falls below 0.30
.tm or the horizontal visibility (usually measured at a
height of 2" m above ground) is less than 03 tm. then
Instrument Flight Rules are in effect (Moran and Mo.rgan.
1989). Under these conditions the hazards to flight are
increased and flight delays. diversions and cancellations
are common. The Federal Aviation Administration (1971)
estimated an average revenue loss of about $1~ per
passeneer resultine from the cancellation of scheduled
arrivals at Houston 's airports because of low ceilings and
poor visibilities. Instrument Flight Rules conditions are
commonly caused by the occurrence of dense fog or low
stratus clouds.

For Houston. fog is more common du.ring the colder half of
the year. and during the early morning hours. Not only is
fog much less frequent in summer than winter. minimum
visibilities in summe.r fogs a.re gene.rally greate.r than
those during winter (Bowdoin. 19"41). Fog along the Tens
coast is most often caused by a combination of advection
and radiation cooling (Bowdoin. 1941 ). The relationship
between wind direction ud later fog occurrence at
Houston is shown in Figure 4. The wind direction shown is
that observed in the afternoon and early evening
preceding the morning of fog occurrence.

Contribution No. 90-6 of the Department of Meteoroloa.
University of St. Thomas.
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2.2 Si.t:aWI
Annual Variation in IFR Conditions
Houston, Texas 19'9·1•7

T~e conditions that can produce air-mass stratus clouds.
· namely lo•-level onshore flow in a coastal area. and a
coincident lo'W level inversion. are often common in
southeast Texas (LeBlanc. 1967). The same cooling
mechanisms that produce fog can also result in the
formation of low stratus clouds (Willet, 19-C-t). Stratus may
form whenever strong turbulence exists beneath a
temperature inversion. Whenever the wind is too strong
to permit saturation of the entire turbulence layer low
stratus. instead of fog, result. With enough nocturnal
cooling, such stratus can grov in depth downward and may
eventually reach the surface as fog (Gods.te. n...al .. 1957).
Stratus a.re somewhat less common over the upper Texas
coast during the autumn and early winter. since the
proximity of JAB to the coast does not allow enough time
for cooHng of the near-surface air to saturation (Fig. 2).
In late winter and early spring the offshore water
temperature is much lower. and even the short passage
over land is enough for radiational cooling to produce
saturation, and a combination of stratus and fog is
frequenUy observed (Bowdoin. 1941). Crawford (1937) and
George and Bradley (1937) both conducted studies of
sum:ner stratus.
Both concluded that mechanical
turbulence is the essential factor in producing summer
stratus in maritime tropical air. since the depth of the
moist layer and the shortness of the night do not allow
enou1h cooling of the near surface air. As can be espected
f roa its close relationship to foe. lo'W ceilinas caused by
stratus (Fig. 3) follow a diurnal cycle with a muimum over
land in the night and early morning (Huscte. 1970).
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3. PR<XE>URE
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As noted by the Air Weather Se.rvice (1~). to mate an
objective forecast of fo& and stratus. one must first identify
the meteorological parameters which are most likely to
contribute to the formation of fog and stratus. Para.meters
oft.e.n used in similar studies include temperature. dew
point temperature, dew point depression. gradient or
surface wind velocity, past weather and cloud cover. Since
the first forecast is normally issued o.n the preceding
afternoon. the objective method should be based on data
from that time.

JPJjLow Ceiling •Poor Visibility

Figure 3. Durinal variation in IFR conditions at IAH.
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A total of 34' parameters •ere extracted from the surface
ait"Ways llourly data for inclusion in the artificial
int.ettigence program (Table 1). Separate AI systems for
forecasting low ceilings and poor visibilities were
developed using data from 1'.500 I.ST and 1800 I.ST.

q

e

n

~

100

Iii

Cushman (1960) presents several studies related to the
prediction of fog or stratus along the Texas coast. He
classified the predictor variables frequenUy used as either
circulation parameters (e.g. wind speed and direction) or
air mass parameters (e.g. temperature. de'W point
depression). Most of the studies he presents incorporate
both classes of parameters into the prediction scheme.
Some of the parameters used in this investigation fit
Cush.man's (1960) classification of circulation parameters.
while others fit that of air mass parameters.

120
188
241
Degrees frl>ll' North

Figure 4. Variation in IFR condi~ons at I~H as a function
of wind direct.ion during the previous evening.

Fogs at Houston a.re most common when the wind direction
is from the southeast. with a maximum frequency
associated with a direction of.140 degrees from north. This
corresponds with an onshore flow of air from the Gulf of
Mexico over the coastal plain. An intriguing isolated
secondary maximum in the frequency of poor visibilities.
associated with a wind direction of 10 degrees from north.
is apparent in the data for both "Warm and cool seasons. A
satisfactory explanation has not yet been made for this
anomaly.

Besides the reported data, both climatology and persistence
were also considered as input parameters. Based on the
data shown in Figure 2 above, climatology was represented
as a half-wave trigonometric sine cu.rve based on the
number of days lapsed since July 3lst. This parameter was
a maximum (1.0) in mid-winter when IFR conditions were
most probable. and a minimum (0.0) in mid-summer when
they 'Were least probable. Persistence had a value of one
(zero) when IFR conditions were (were not) observed in
the morning before the forecast. Since IFR conditions
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Table 1.
1•

2.
3-6.
7-10.
11.
12-15.
16-19.

20.
21-22.
23.
24.
25.
26.
27.
28.
29.
30.
31.
32.
33.

Table 2.

Parameters Used in System Development.
Total sky covered by first 2 cloud layers
Total sky covered by first 3 cloud layers
Sky condition of lowest, 2nd, etc. layer
Cloud height of lowest, 2nd~ etc. layer
Height of lowest layer > 1/~ opaque
Cloud type of lowest, 2nd, etc. Tayer
Cloud height of lowest, 2nd, etc. layer
Horizontal visibility
Present weather codes
Station pressure (in)
Sea level pressure (mb>
Dry bulb temperature
Wet bulb temperature
Dew point temperature
Relative humidity
Total sky cover
Total opaque sky cover
Cosine of one-half the difference between
the wind direction and 140 degrees
Wind speed in knots
Sine of number of days since July 31

Low
Ceilings

1

0.50

2
3

0 .60

1.30
0.20
-0.50

2.20

4

-o .so

5

-2.30

6

1.00

7
8
9

10
11
12
13
14
15
16
17
18
19

20
21
22
23
24
25
26
27
28
29
30
31
32
33

The basic technique used was that described by Naylor
0985). in which the computer program determines the
equation of the decision surface in n-dimensional space,
where n is the number of independent parameters input to
the system. This determination is made based on the
available historic data. A rule vector of length n is
assigned for each potential outcome. Each rule vector is
multiplied by the vector of input para.meters for a
particular observation, Yith the computed decision being
that correspondins to the rule vector that produces the
laraest product. Durina the tearnin1 process. if the
computed outcome is correct, no cha.oge is made to the rule
vectors. If the outcome is incorrect, then the values of the
input parameters are addld to the element of the rule
vector corresponding to the correct outcome. and
subt.ra.cted from all the other rule vectors.

-o .10
-1.50
-0.20
-0 .30

1.45
0 .70
1.29

0.63
-0.89
-1.14

-2.16
2.41
-1.36
-5.03
0.89
2.44
-5.50
-5.84
-2.39
5.85
7.26
4.33
0 .70

0.90

2.90
2.20
-2.00
-0.40
-3.20
1.10
-1 .18
0.29
0.86
0.26
0.57
-1.63
0 .70
2.32
1.56
0.05
-0.44
3.96
-8.02

-3.46
-5.79
1.16

3.29
7.30
0.60

1.00

1.80

1.69

3.88

-0.76
2.30

1.62
2.64

Similarly, for low ceill.aas. high relative and absolute
humidities. low tem.peralUre and pressure. and onshore
flow are most important. The presence of multiple cloud
layers (Parameters '.5. 6, 9 and 18) provided such clouds are
thin vith high bases. The time of year also plays a slight
more important role in lov ceilin1s than poor visibilities.

For this pilot study. only two outcome vectors vere chosen.
One represented the presence of IFR conditions; the other.
the absence of IFR conditions. Since the predicted outcome
using this technique is based on the largest vector product,
the input parameters were each divided by their muimum
possible values. In this way both sky cover, which can
range from 0.0 to 1.0, and relative humidity, which can
range from 0 to 100~. would have the same potential
contribution to the decision product, and hence have
comparable influence on the position of the decision
surface.
<f.

Poor
Visibilities

Parmeter

occur ranfy, persistence proved not to be a useful
parameter in these Al systems as it is a better fore cast for
days on which IFR conditions d.id.....oJll happen. As a results,
persistence was not included in the later forecast systems.

Rul• Vectors for Forecasting
Poor Visibiliti•s ~nd Low Ceilings
frcn 1800 LST Data.

The Al pro1rams run with l'.500 I.ST input data gave very
similar results. The still of all models durin1 their
1earnin1 stage vas only moderate, -with only about half of
the actual IFR cases correctly fore cast.

'· AREAS FOR FUTURE RESEARCH

RESULTS

Since this work is a pilot study iii the a.ppticatio.n of
artificial intelligence to the forecast of fog and stratus.
much work remains to be done. Eventually I will
incorporate both temporal and spatial gradients into the
forecast. The inclusion of pressure, temperature and
moisture gradients betveen neighboring stations might
better represent the synoptic situation. I have already
received data for several other locations in southeast Tens
CFig. 1). and several years of more recent JAB data for use
in an independent test of the derived systems. Although
the occurrence of even marginal IFR conditions is of
interest to general aviation, it is the lowest ceilings ( < 61
m) aad poorest visibilities ( < 0.8 km) that have the greatest
' economic impact. Future work will concentrate on the
forecasts of these more restrictive, aad rarer, IFR
conditions.

The final rule vectors for predicting IFR conditions from
the 1800 LST data are presented in Table 2. Those
para.meters whose rule coefficients have absolute
magnitudes greater than tvo can probably be considered
significant.
For poor visibilities, the table shows that high relative and
absolute humidities, low temperature and pressure, low
ceilings, few high clouds, poor visibility. and multiple
types of current weather during the evening of a winter
day. are all favorable for poor visibility to occur on the
following morning. While substantial low cloudiness
during the early evening (Para.meter 3) is also favorable
for poor visibility, the presence of high cloudiness or
multiple layers of clouds (Parameters~. 8, 17 and 18) is not.
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9.5
Automated Guidance for Forecasting Conditions
Conducive to Aircraft Icing
Paul Schultz
NOAA Forecast Systems Laboratory
Marcia K. Politovich
NCAR 1 Research Applications Program

livered t.he fnndiona.l specificat.ion and prototypes of t.lte
Advanced Weather Information Processing System (AWIPS) workst.a.t.ion, which will be df"ployed at NWS fadJities by private-sector contractors, FSL is now engaged in
exploit.ing these next.-generation capabilities in many different ways. The digital data sets that will be available in
future forf"cast offices are available now for research and
development. at. FSL.

l. INTRODUCTION

In the United Sta.t.es, the task of forecasting aircraft
icing condif.ions is generally done in two parts: a long term,
mma.lly 12-h, forecast over the entire na.t.ion, and updates
to t.ha.t overview. This paper addresses an initial approach
t.o producing automated guidance for the first pa.rt, the
natio11al-scale icing forecasts.
Opera.tional aircraft icing forernsts are produced three
times daily by f.he NWS National Aviat.ion Weather Advisory Unit (NAWAU) in Ka.nsas City. It. is a difficult task,
requiring the meteorologist to detect and forecast regions
and altitude ranges where the air is below freezing temperature and moist enough that clouds may form. Logist.ica.I problems are at least as daunting a.s the meteorological
prohle:ms: the requirement is to create a three-dimensional
depict.ion of t.hese conditions a.nd their evolut.ion over the
following 12 h, and then to express this information in
some sort of concise presentation.

Two of these da.t.a sets are particularly applicable t.o
the problem of forecasting aircraft icing conditions. Gridded out.put from the Nested-Grid Mode) (NGM), iuterpoJa.t.ed to mandatory pressure levels and provided at 6-h
forern.st resolution, a.re received via. the NMC Direct. Connect. Service twice da.ily. Also, encoded pilot reports of aircraft. icing (among other observation elements) are received
within an hour or two of the event. via the Aeronautical Radio Inc. (AIUNC) data service. For this study, we have
simply interpolated selected NGM model variables to the
pos.it.ion fixes associated with the pilot reports, developed
simple summaries of that information, and inverted the resnJt.s · t.o produce aut.omated aircraft. icing guidance based
solely on NGM model output. This is only an obvious first
st.ep t.owa.rd using tomorrow's technology for ma.king bett.f'r
a.ircra.ft icing forecasts; future developments a.re suggested.

The weather service units of the U.S. Air Force and
the U.S. Navy also issue icing forecasts, but these are prepared for particular missions, or by request. l:<orecasters
use a variety of charts produced by the National Meteorological Cent.er (NMC) and Air Force Global Weather Cent.er (AFGWC) t.o produce 12-h icing forecast maps over
the U.S. (Air Weather Service 1980).

The Canadian Meteorological Cent.er is currently testing an aut.omated aviation package which uses model output. in a similar manner. The procedure is analogous to
that. used by t.11e AFGWC (Mansur 1984).

Various met.hods have been used t.o determine regions
of pot.ent.ial icing on a national basis from readily-available
da.t.a. sets; these are summarized by Tucker (1983). Most
make use of NWS upper-air measurements a.ud extrapolate
these conditions forward in t.ime for their forecasts. They
also tend to be highly labor-iutensive, requiring much time
and a.U.ention on the forecasters' part, but. very lit.t.le rneteoroJogica.l judgement. Thus, the task is well-suited for
au tom at.ion.

2; ANALYSIS PROCEDURES AND RESULTS
Refer to Table 1. Between 1 Ma.rch and 31 May 1990,
all pilot reports of a.ircra.ft icing were sort.P-d into four 6-h
hins per day, centered on OOZ, 06Z, 12Z, and 18Z. Then, t.he
NGM estimates of pressure, temperature, relative humidit.y, and vertical velocity from the two most recent model
runs were int.erpolated to the posit.ion fixes of ea.eh pilot report.. Thus, for icing reports within 3 h of OOZ, t.he current
NGM analyses and t.he 12-h forecasts from the previous
model run were sa.ved. The same is true for the 12Z icing
report.s. Likewise, for icing reports within 3 h of the 06Z
and l8Z t.itne stamps, t.he 6-h forecasts from the current.
NGM run and the 18-h forecasts from the previous run
were saved.

S.i nce 1980, the NOAA Forecast Systems Laboratory
(then t.he Program for Regional Observing and Forecasting Systems, PROFS) has been involved in the develop1nent of the National Weather Service's next generation
of computing and workstation technology (Reynolds 1983;
Bullock et al. 1988; Bullock and Walts 1991). Having de-

1 The National Center for Atmospheric Research is
sponsored by the National Science Foundation.
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23-JUN-1990
23-JUR-1990
23-JUN-1990
23-JUR-1990
23-JUN-1990
23-JUN-1990
23-JUN-1990
23-JUN-1990

15
15
15
15
16
16

10,C421
33 , Cl2
44,C441
49,M020
02,SE90
02,SE90
18 54,C206
20 33,T37

43.37
41 . 20
43.17
44 . 23
43 . 95
43.95
40.27
34.72

-72.08
-79.82
-86.03
-84.70
-85.90
-85 . 90
-84.46
-97.96

19000
15000
16000
12000
13000
13000
11000
17000

19
19
21
10
39
39
10
10

49 5. 7, -11.2, 60. 9,
7.59
578.3 ,
-9. 4, 44. 7, -0.02
554.7, -10.9, 90. l,
0.87
645.9,
-3.7, 94. 2,
0.73
6 23 ..7 ,
-5. 8, 9 5. l,
0 . 77
623.7,
-5. 8, 95 .1,
0.77
672 .1,
-1. 5, 8 3. 5,
l . 64
553.0 ,
-3 . 2, 33. 9 ,
0. 24

495. 8, -10.7, 51. 5,
2.93
578. 8,
-8 . 5, 42. 5,
0.41
556 . 2, -10.2, 89. 3, -0.92
6 4 7. 4,
-3.0, 94. l,
0.14
6 25. 3,
-4.8, 9 2 . l, -0.28
6 25. 3,
-4.8, 92.1, -0.28
672 . 4 ,
-1.2, 85. 4,
l . 66
554 . 0,
-3 .. 6, 3 3. 8, -0 .16

Table 1. A (particularly small) sample from the database of aircraft icing
reports and NGM forecast information. The four broad columns are: report
time (UTC) and flight ID; p.o si tion (latitude, longitude, and elevation in ft
(MSL) and encoded icing report (type and intensity); the 6-h NGH forecast of
pressure (mb), temperature (°C), relative humidity (%), and vertical velocity
(µbar/s) from the current model run; and the same information from t-e
previous model run's 18-h forecast.
As a first. look a.t this data. set, scat.ter diagrams were
plot.ted to illust.rate the joint distribution of, for example,
temperature and relative humidity associated with icing
occurrences (Fig. 1). The points appear to cluster around
-9°C and 1003 RH.

One can easily conceive of numerous stratifications on
the data to examine in search of idng situations the model
can forecast accurately. None of those tried so far offer
much hope. There was no appreciable reduction in t.he
scatter of any pair of variables when only reports of moderate or severe icing (i.e., no reports of light icing) were p)ot.t.ed. The diagrams for rime icing were indistinguishable
from those for clear icing. There was virtually no connect.ion between NGM vertical velocity and icing events. (The
Ca.nadian icing prediction algorithm uses positive vertical
motion as a criterion in its definit.ion of a rime-icii1g hazard
region.)

There is considerahle scatter in the data, which may
result. from several probable sources of error. There was
no interpolation in time of NGM data to the pilot reports,
so there was as much as 3 h of offset between information
report.ed by the pilot and the associated NGM representation. Humidity is a difficult quantity to measure and analyze, so the NGM estimates of humidity a.re another likely
source of scatter. Pilot reportage is subject to personal
interpretation and diligence, which may result in incorrect
posit.ion fixes on the icing report.s. There a.re ot.her likely
sources of scatter, but these three probably account for
most of it.
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H is also possib]e to conceive of simple or sophisticat.ed procedures for fitting some sort of empirical fund.ion
to the data. However, the scatter caused by the various
sources of error in the data suggest looking to the simplest
kind first . We have chosen an ordinary range-checking prof'.edure, which has the added advantage of being easily recalled as a "rule of thumb" that forecasters and pilots a1ike
can use for detecting conditions conducive to aircraft icing .
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Figure 1. Scatter diagram of 6-h NGH
temperature and relative humidity
forecasts preceding pilots' reports
of aircraft icing. The rectangles
represent the temperature and relative
humidity criteria for Class 1 and
Class 2 icing threat. 78% of the points
are inside the Class 1 rectangle, 52% of
the points are in the Class 2 rectangle.
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Though it may seem an attractive and logical a.pproach, it is not possible to derive a probabi~stic forecast
procedu"re from -t.he present. data set. This type of forecast
conveys not only the probability that an event. will occur,
hut also the probability that it. will not occnr. Since there
were no pilot reports confirming no-ice conditions included
in t.he collected data base, the use of this information to
derive a probabilistic forecasting procedure is not appropriat.e. This is unfortunate, because forecasts expressed in
this way would be the most useful and versatile expression
of forecast information. We thus resort. to the delineation
of areas with various levels of perceived icing "threat."
Based on the scat.ter diagrams, phy~ica.l science, and
experience, the threat. ranges (Fig. l) are defined as follows:
Class 1 :
Class 2:

Table 2. Percentage of aircraft icing
observations that occurred within areas
identified by the NGH as Class 1 and Class 2
icing threat, and their change with forecast
lead time.

Class 1
Class 2

0 hrs

6 hrs

12 hrs

18 hrs

79.8
53.3

78.0
51. 6

74.1
52.4

75.1
50.9

-20°C < T < 0°C and RH > 503
-15°0

<T <

-2°0 and RH

> 653

Table 2 shows the percentage of reported icing events captured by using this procedure. It is interesting to note
that. the model performance changes very little over the
first 18 h of integration.

Model run lime 9-0CT-1990 12Z
Forecosl period 06 hrs

FL120 icing lhreol

b~

class

Figure 2. Sample output from the icing guidance application program.
Class 1 and Class 2 icing threat areas are delineated.
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3. THE APPLICATION PR.OGRAM
The applica.t.ion program to use the aircraft icing g11idance resides on the second version of the Denver AWJPS
Rt>quirf"ment.s Evaluat.ion (DARE2) workstation (Bullock
a.nd Walts 1991 ), which is being used for operations at
the NWS forecast office in Denver, and for development
1;tt. NOAA/FSL in Boulder. The user interface is primarily
by mouse and menu. The first-level menus are lists of displays on common geographical projections (i.e., northern
hemisphere, national, regional, etc.). These lists contain
display-ready graphics and images and the entry points
for interactive application programs.
In the current implement.a.t.ion of the idng guirlance application, the forecaster responds to a. sequence of
queries.
The first query is t.o select. the model run t.ime and the
forecast ]ea.cl time. At this point, the 3-D grids of t.empera.t.ure, relative humidity, and pressure-surface heights are
read into memory.

The NGM model out.put. grids available from the NMC
Family of Services, which was the form used for this study,
a.re a degraded version of the original NGM grid structure.
Model fields are available at FSL on mandatory pressure
levels only, instead of the original sigma surfaces, and the
spatial resolution is somewhat. degraded as well. Also, the
only available moisture variable is relative humidity. NMC
is planning t.o implement its next-generation operational
model, called the Et.a model, which will have better horizontal and vertical grid resolution, and more sophisticated
moisture physics, including an explicit cloud water variable (Black and Mesinger 1989). If the complete model
out.put can be made available for use in operations beyond
NMC's, it. is likely that considerably better icing predict.ions are possible.
The icing forecast graphics shown in the previous sect.ion are probably the simplest conceivable displays of this
i11fonuat.ion. Since the forecast information is originally
produced on three-dimensional time-dependent. grids, several other t.ypes of displays are possible, including:
• smnmary depict.ions, such as t.he highest.-class t.hreat
in t.he vertical column, minimum and maximum icing
altitudes, and the depth of the icing layer;

The second query is to select the pressure altitude
or flight level. lJ pon response, the model fields are int.erpolated t.o t.he desired surface, a.nd each grid point. in
the out.put. field is assigned 0.0 for no icing threat., 1.01 for
Class l icing threat, and 2.01 for Class 2 icing threat. This
2-D grid is then contoured at thresholds of 1.0 and 2.0 and
loaded to the display (Fig. 2).

• spatial cross sections corresponding to flight. routes;
• time-vs-height cross sections for a particular point
(airport); and
• three-dimensiona.I wire grid or shaded surface representations of the icing threat domain.

Subsequent queries are itera.t.ions of the second, with
options t.o access the first query to change the model run
time or the forecast lead time.

Jt should aJ::;o be straight.forward to produce
computer-generated textual descriptions of icing threat
along planned flight tra.jedories.

In principle, it. is possible to provide a single "page" of
selectors that would allow the queries to be answered in a.ny
sec1uence. However, the sequential procedure chosen for
this implementation was drivt>n in pa.rt by an assumption
that. the for@caster will usually want to examine several
levels for a particular set of grids, and in part by the time
required to read in t.he large gridded data sets.

With better models a.nd observations, it should he
possible to provide forecast information a.bout icing type
(dear, rime, or mixed), with some indication of icing severit.y, specific to the particular classes of aircraft. Also, once
several yea.rs of dat.a have been coJlectecl, the seasonal and
geographical variability of atmospheric conditions associated with aircraft icing can be accounted for, perhaps in
some sort of procedure similar to MOS (Model Out.put
St.atistics, Glahn and Lowry 1972).

4.
OPPORTUNITIES FOR FURTHER DEVELOPMENT
This simplistic approach t.o the aircraft icing forecast problem is effedive despite a number of short.comings. However, furt.hn development of the current. procedme and imminent technological advances offer the possibilit.y of significant improvement. This section outlines
several ca.ndidat.e avenues for improvement.

Advanced graphics interaction techniques will enahle
forecasters to revise the aut.omatically-generated forecast
guidance fields according to informed subjective judgemeut. At t.his point, it will be important. to provide realtime feedback on the performance of forecast.er revisions
relative to the objectively-produced forecasts. This is the
scenario most likely t.o result. in optimum forecast. performance exploiting a mix of man a.nd machine.

A system heing considf'rt>d for the a.11t.omat.ed det.ect.ion and report.ing of aircraft iciug conditions would greatly
enhance the prospects for improved icing guidance. There
are three reasons. First., it would remove t.he variability
associated wit.h inconsistent judgement. and reliability inherent. in pilots' icing rf'ports. Second, since both positive and uega.t.ive icing observations would be reported at
regular int.ervals during flights, it becomes possible to produce probabilistic icing forecasts. And third, there would
he many more observations, which would serve to substantially improve the statistical integrity oft.he data base upon
which the forecast procedures are based.
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5. CONCLUSION
Co1np111.er procedures for generat.ing and using aut.omat.Pd guidance for forecasting conditions conducive to aircraft idng are descrihed. The g11ida11ce is in the form
of t.hree-di mensioual fields of icing threat. and is created
from gridded NGM output. at. 6-, 12-, and 18-hr lead times.
Two classes or icing threat are defined by forecasts of temp<~rature and relative lnuuiclity within e1npirically-chosen
ranges. The Ulass 1 icing t.hreat criteria capture a.bout
three-quarters of t.he reported aircrn.ft icing observations;
the more-rest.rict.ive Class 2 icing threat. criteria. capt.ure
ahout one-half of the rPports. It is somewhat surprising
t.hat. this pedorma.uce is quite constant at. least through
1.he first. 18 h of model nm time. (No statistics for great.er
lead times were collected.)
The application program is in a state of relative infancy. Currently, only flight-level plans are generated, alt ho11gh several other kiJl(ls of displays are feasible. Development of a<lva.nced displays will reflect a thorough analysis of operational requirements.
The migration of these procedures to NAWAU operations is complicat.ed by several fact.ors. One obvious problem is t.hat AWi PS has not yet. h<'en deployed, and may
not. be available there until 1993. However, an even bigger
problPn1 is that the disseminat.ion of forecast information
to flight. service centers is restrict.eel by the medium of its
t.ra.nsn1ission. Currently, only brief text messages describing the ent.ire national domain are practical.
The Forecast Syst.ems Laboratory and the Depa.rt1nent of Transportation System Cent.er have begun working on incorporating meteorolo~ical information into air
traffic managt·ment. practices. Alt:hough initial efforts have
been directed at using time-d<'peudent. 3-D wind fiel<ls, the
icing-t.hreat grids produced by procedures described here
arc idea.Hy suited for use in this context.
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SlRATUS : A PROTOTYPE EXPERT ADVISORY SYSlEM FOR lERMINAL WEATIIBR FORECASTING
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1.

The problem of forecasting low clouds can be broken down
into totally independent processes. The first simulates the
time evolution of atmospheric parameters which are relevant
for low cloud formation. The second is the analysis of these
parameters, at a specific time, to determine the low cloud coverage. STRATIJS addresses these two aspects of meteorological forecasting. In this paper, the emphasis will be on the
design and testing of the diagnostic module, as to-date only
preliminary work has been done on time evolution module.
The relationship between the evolution and diagnostic processes is shown in figure 1.

IN1RODUCTION

STRATIJS is a 23-month project to develop a prototype expert advisory system, based on physical principles, to assist
the meteorologist in the production of the low cloud portion
of the airport terminal weather forecasts. This million dollar
project began in July 1989. The multi-disciplinary team is
made up of personnel from the private, university and government sectors. OASIS (Zwack et. al., 1989), the feasibility
expert system prototype, developed by CRIM and Meteoglobe Canada Inc. during a 5 month joint project was used as
the starting point.
1.1

Overyiew of the forecasting process

The complexity of the weather forecasting process is well
known. It involves numerous data sources which consist not
only of quantitative and qualitative observations, such as temperature and cloud type but also includes a large number of
analyses and forecasts from numerical models and climatology. To this data, the forecasters are expected to apply
complex physical laws and empirically derived rules to produce a forecast. Because of time constraints and the complexity of the physical processes the forecasters rarely use
analytical reasoning. Instead they use the same approach,
Recognition Primed Decision (Klein, 1986,1987), as do experts in other fields that work with similar constraints. The
experienced forecaster, using a personal choice of parameters
among those available, rapidly categorizes or prototypes the
meteorological situation according to his experience and
generates future weather events that correspond to this prototype. Expert systems based on such statistical and pattern
matching techniques replicate the ability of a particular meteorologist for a specific location. Such systems link specific
conditions to specific conclusions without requiring a clear
chain of causal links.
1.2

Figure 1. The forecasting process: The evolution and diagnostic analysis of physical parameters.
2.

The following methodology was used to develop the qualitative physical model for the diagnostic module. The physical
conditions/scenarios and relevant parameters which lead to
the formation of low clouds were identified. The rules and
algorithms that define the relationship between the parameters
and the formation of low clouds were then established. It
must be noted that a considerable amount of work had been
done on the qualitative physical model for low clouds prior to
the start of the STRATIJS project (Zwack et. al., 1989).
Figure 2 shows the architecture of the diagnostic module.

OQ.jectiyes

The long term objective of STRATUS is to develop a general
model, based on the fundamental physical rules that govern
the existence of clouds, that is in principle easily adaptable to
new locations. The development philosophy behind STRATUS is to first try to model the physical phenomena mathematically and when this is not feasible, qualitative modelling
is used. The integration of qualitative modeling with quantitative modeling and the integration of different sources of
meteorological data constitute the two major theoretical AI
problems for the project

( 1 )Pressure
(2)Dew

•Also from Meteoglobe Canada Inc., 1601 boul. St-Regis
Dollard des Ormeaaux, Quebec H9B 3H7
**Also from Environment Canada, Atmospheric Environment
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3rd Floor, Saint-Laurent, Quebec H4M 2N8
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Figure 2. The diagnostic module.
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4.

The diagnostic of low clouds involves two sets of
parameters. The first set of parameters is directly observable.
The second set, "derived parameters", is obtained from the
observable parameters by using a set of rules/algorithms,
"parameter rules". The "derived parameters" constitute the
relevant physical variables involved in the diagnosis of low
clouds. These are the parameters which an atmospheric
physicist would use to explain the formation and dissipation
of low clouds. To determine cloud cover, the diagnostic
process shown above has to be applied at each of 22
predefined altitudes corresponding to standard MANAIR
cloud heights. Specifically, this involves obtaining the four
observable parameters from the appropriate data sources, then
applying the "parameter rules" followed by the low cloud
rules to obtain the cloud cover at a particular altitude. This
sequence of cloud cover is used in the calculation of metrics
such as total cloud cover and ceiling. It is these metrics that
are used in the validation process to compare the diagnostic
module with actual observations.

In order to generate an expert score, the expert would have to
evaluate a large number of cases. These evaluations involve
examining, modifying and calculating parameters from the
vertical soundings of temperature and humidity on tephigrams
and from horizontal contours of both observations and numerical model forecasts. Using available tools, the expert was
only able to complete one or two cases per day. Clearly special tools were needed to accelerate the process in order to
have a data set large enough for statistical evaluation. Therefore, a interactive tephigram and contouring programs were
developed.
The interactive graphical tephigram (figure 4) displays
profiles of either observed or model forecast temperatures and
dew points, allows for zooming, and can be modified using
the mouse. A new set of parameters can be calculated automatically from the modified sounding. With the interactive
tephigram, the expert is able to analyse 25 cases per day.

The design philosophy followed in the development of the
diagnostic module has been to simplify the physical rules of
low clouds with the understanding that as progress was made
the rules and the relationships would be modified, refined,
and expanded.

3.

TOOLS

The interactive contouring program (figure 5) displays analyses of either observations or numerical model forecasts.
The former are analyzed objectively using a Barnes objective
analysis scheme (Barnes, 1964). From the menu, the user
can choose the date, time, altitude, variable, and contour interval. Presently over 20 numerical model output variables
(e.g., pressure, temperature, vertical motion, turbulence, and
boundary layer height) are available at 3 hour intervals in
either pressure or sigma coordinates. The module automatically interpolates numerical model output from the sigma coordinates to the desired level. Included in the contour device
is a program that estimates lower tropospheric vertical motion
from the objective analyses of a series of pressure observations using the method suggested by Zwack and Kabil
(1988). This vertical motion, not yet used in STRATUS, is
now undergoing further development and evaluation.

ARCIIlTECTURE OF STRATVS

The first prototype was implemented in Knowledge Craft, an
expert system shell, on a TI Explorer. Preliminary testing
showed that a relatively sophisticated database management
utility which provides fast access to the data was essential.
Besides being extensively used in the expert system module,
the data is also required for diagnostic and analytical tools that
the meteorologists would need for evaluating the system.
~onsequently, it was decided to change the development enVll'Onment to UNIX and implement an efficient database util~ty in C. X was c~osen as the windowing standard for the
interface and graphical tools. The general architecture for the
second prototype is shown in figure 3.

TEPHIGRAM
PROL06

Stratus

I

Figure 3. Architecture of Stratus.
The random access database is composed of a controlling
module and three sub-modules, one for each data source.
The data sources for STRATUS are numerical model output
(Canadian Operational Finite Element Model), ground observations and vertical soundings. Each physical parameter can
be indexed in four dimensions: time, height, latitude and
longitude. It now takes only 10 seconds to load a day's data
and 10 milliseconds to access a partkular record. On average, the database manager handles 10 Mb of data per day. It
is this fast access to the data that has enabled us to validate the
system statistically. The database utility is written in C, while
the diagnostic module is implemented in PROLOG.

Figure 4. Interactive tephigram plotter tool.
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5 .2

CONTOURING
Current prototype (Stratus)

Sensitivity analysis

During the qualitative modelling of some of the physical phenomena, expens make a number of approximations. For instance, they attribute weights to the different parameters involved in a relation according to their empirical or theoretical
experience. It is crucial to give experts some feedback on the
accuracy of their guesses. The more detailed the feedback is
the more the model can be improved.
'
One technique, known as sensitivity analysis, provides such
feedba~k. The ~asic principle is to make one of the parameters mvolved m the model ineffective by randomizing its
values. The performance degradation of the whole model is
indicative of the parameter's weight. If the performance fails
to degrade, the parameter is ineffective. This can be due to a
number of reasons. For example, the data that were used in
~~derivation .of the paramc:ter are too noisy, or the parameter
is mcorrectly tmplemented m the model, or the model is simply wrong. However, if the performance of the model degrades totally, it means the model is highly dependent on that
parameter.
We have conducted a sensitivity analysis of the four derived
parameters, identified in figure 2, to analyze the effect of each
on ~e diagnostic process. The randomization is done by repeatmg the performance analysis with the original data,
except that the data for a single parameter is reassigned
randomly to a different station and a different date and time.
We do not randomize by altitude because this would, in
effect, change the actual distributions of the parameters and
invalidate the sensitivity analysis. The results are shown in
figure 6. The decrease in performance represents the
difference between the STRATUS-prototype 3.0 performance
(82%) and the performance of each one of the parameter
randomized as represented by the four columns. The
climatology score is also shown in the figure.

~~o.~ve"!.ent :_;_ertf~a1·--; /
Prag 0 3 heures. T0=12Z l e 2 3-0 9-199

N 1 vi;a·~- s! gm~ : , o.12j-'/
Inte".'v al le:

~ .

Oe-01 pascals/ s

Figure 5. Interactive contouring program.
5.

RESULTS

5 .1

General perfonnance eyaluation

Although these are. preliminary results and subject to change,
they were a surpnse to everyone. There was virtually no
performance decrease for the turbulence and stability parameters. !hls indicates that their contribution in the diagnostic
process is because of one of the reasons cited above. The
contribution of venical motion is significant, but small.
However, the contribution of the dew point depression is
ove~he~ming compared to the other parameters. These results m<:llcate that the model is highly sensitive to dew point
depression and that the bulk of the effon in the forecasting
process should probably be spent arriving at good estimates
for the te~perature and dew point temperature. We are,
ho~ever, m the process of investigating the precision of the
esnmates of turbulence, stability, and vertical motion in order
to discover why they appear not as important as thought.

In order to validate the diagnostic module, evaluation criteria
had to be established. This is a very important procedure as it
sets the perfon~~mce expectation levels. For the second prototype, the metncs were chosen to facilitate comparison with
ac~al observatio~~· The metrics are the detection of ceiling,
height of the ceihng and total cloud cover. Climatology
w~i~h is based on hi.storical .statistics, correctly predicts ~
ceilmg 65% of the ume, while the random score is 55%.
These figures provide a baseline. for the evaluation of our
system's performance. For an upper bound, we expect the
syste~ to be able to perform at the level of an expen given the
same mput data.
To accurately assess the performance of the diagnostic module, the most reliable data source for the four input parameters
was used, namely, vertical soundings which are only available at OZ and 12Z. The output of the diagnostic module is
then compared with the ground observation (SA) at the corresponding station and time. The test data set consists of 789
cases spread over 23 stations for 27 days in May 1990. The
stations are within a 2500 km grid centered near Albany.

85

The preliminary test results for the second prototype indicate
a 76% success rate (X2=160 in a 2 x 2 contingency table) for
detection of ceiling. Our expert, examined by hand the cases
w~ere the diagnostic module performed badly. He was
quickly able to identify several shortcomings in the second
prototype. After these corrections were addressed, the success rate in the third prototype (v.3.7) is now 87% and a
correlation of 0.74 for cloud cover. For 66 different cases
during the month of June, clearly not a big enough sample to
draw conclusions, we compared the performance of the third
prototype to our expen. The success rate for the detection of
ceiling was 90% for the expen and 89% for STRATUS while
the cloud cover correlation was 0.80 for the expen and 0.72
for STRATUS.
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Figure 6. Sensitivity analysis for ceiling detection.
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6.

SlTh1MARY

A diagnostic process for predicting low clouds has been developed and tested. This process is location independent as
the qualitative model is structured on the fundamental
physical rules that govern the existence of clouds. Our first
prototype, built using an expert system shell, confirmed the
feasibility of our approach but showed clearly that a much
more efficient implementation would be required in order to
validate the system statistically. Thus, in the development of
the second prototype there was emphasis on conventional
programming. The database management utility which
allowed fast access to the meteorological data was the key
factor in enabling us to validate the second prototype. The
sensitivity analysis proved very illuminating. The results
have been used to set the priorities for the next few months .
.The work planned includes the implementation of the third
prototype for the diagnostic module, the development of
accurate physical models to forecast temperature and dew
point temperature and the implementation of the the first
prototype for the forecasting module.
7.
!
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1 Introduction

function which relates to atmospheric temperature. A
kernel weighting function W ( p , p ) is determined by
the detailed line character of the sounder sample
interval, effectively sampling that height of the
atmosphere (P) at which the optimal depth in that
special interval is near unity. The contribution of energy
from the level fJ reaches its maximum and decreases
along the two tails. In other words weighting function
reaches it peak at pressure j'J. In order to solve B ( p)
from Eq. (1), a sharpest, narrowest, and symmetric shape
of weighting funct10n at each pressure level is very
helpful because the complexity of computation is further
reduced.
An ideal form is a delta function for
W ( p, p )which gives a simple solution of B ( p ); i.e.,
R ( p ) = B ( p ). Our consideration in this paper is
essential from point of view of both instrumentation
performance assuming standard atmospheric structure.
Besides the shape of the weighting function, the vertical
structure of brightness temperature (or radiance) is also
an important consideration (Kaplan et al., 1977).
This study uses both brightness temperature (derived
from radiance) and weighting function (calculated by
transmittance
model)
from
High-resolution
Interferometer Sounder (HIS) flown on the NASA
U2/ER2 aircraft nadir viewing the earth surface. The
HIS (Revercomb et al. 1987a; Revercomb et al. 1987b) is
a Michelson interferometer that measures upwelling
radiation ( 3 . St o 1 7 µ m) at high spectral resolution
C"'- I 6 "- > 10 0 0 ).
The data were processed at
University of Wisconsin before sending out to users. The
spectral range of the instrument is partitioned into three
bands (15 µm, 7.5 µm, and 4.3 µm), each of which has
over 1500 channels available with spectral resolution up
to 0 .28cm - i. The spectral band at 15 µm C02
absorption region is selected for the demonstration of
this technique in application of temperature retrieval.
The brightness temperatures and weighting functions are
observed at each channel and preprocessed at each one
of 40 near-uniformed spaced NOAA standard pressure
levels (NOAA, 1984). Since the airplane flew at 56 mb
pressure level (around 65,000 ft altitude), there are a
total of 24 levels available below aircraft height. The
peak pressure (P) of weighting function at each channel
represents the level that the measurement of brightness
temperature is made at such channel.

High precision airborne sounders have become an
indispensable tool for remote sensing of vertical
atmospheric profiles, because thousands of available
channels (frequencies) may be used for measurement,
such that vertical spectral resolution will be high. One
important application is the retrieval of atmospheric
temperature profiles which we will focuse our attention in
this article. Due to the mathematical and operational
considerations, only a limited number of channels can be
used in processing and correlating data in the retrieval of
atmospheric profiles. The selection of the most suitable
and representative channels from thousands of choices
becomes necessary, although that is a very tedious and
time-consuming job. It requires massive data processing
and intensive training procedure to recognize different
patterns in the measured profiles. This paper introduces
an automated system for optimizing the selection of
channels by using back propagation (BP) on the artificial
neural network (ANN). This network (Rumelhart and
McClelland, 1986) has been demonstrated successfully in
pattern recognition with application to remote sensing
analysis, because of its parallel processing ability and
superior capability of supervised learning (Sheldon, 1990;
Key et al., 1989; Decatur, 1989). We will begin by a
background discussion of the measurement used in this
study and of the inversion problem pertaining to the
atmospheric temperature profile retrieval. The features
derived from measurements at each frequency will be
analyzed and extracted. Training sets are created to
specify the architecture of ANN systems and a full set of
data will then be applied to the system. Finally, the
experimental results will be presented and summary will
be given.
2 Background Discussion

For the application of atmospheric vertical structure
retrieval problems, it is common to solve the integral
equation using inversion techniques. Generally, the
integral equation can be expressed as
R(p)

=

f B(p)W(p, p)dp

( 1)

where W ( p , p) denotes atmospheric weighting function
of pressure p with peak at p, R ( p) the upwelling
thermal radiance (derived from brightness temperature
TB) at fJ measured by sounders and B ( p ) is the Planck
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3 Feature Extraction

Creating an effective trainin~ set is essential in
designing a neural network. We simplify the patterns of
weighting function to four representative features. The
selection is restrained within region at 15 µ m C 0 2
absorption band with wave number ranging from 640 to
760 cm- 1 such that band wing is fully used for entire
vertical structure. The sample size (number of available
channels) at each pressure is different as shown in Table
1. As mentioned in previous section, the optimum
channel at each pressure ievel is selected based on the
sharpest, narrowest, and symmetric shape of wei$hting
function. In order to examine each selection cnteria,
manual selection based on smallest half power width
(HPW) is made to investigate the relative importance of
each feature. The half power width (HPW) is not used
solely since it only descnbes part of features of weighting
function, however, it is intuitively a criteria for the
application. It has been found that the channel with
coldest brightness temperature (strong absorption) tends
to narrow the weighting function and provides hi2h
vertical resolution (Kaplan et al, 1977). Fig. 1 shows the
scatter plot of brightness temperature (T 8 ) at different
pressure level. The channel having coldest T 8 at each
level is the choice for that pressure level. Table 1
provides selected channels at level below 100 mb based
on different selection criteria. Consideration of this
effect is necessary but not significant, since most of the
choices are different from those based on HPW. The
shaJ?e of weighting function is generally described by its
statistical moments expressed as:
Mn=

f

(-lnp)nW(p, p)d(-lnp)

describes the dispersion of the shape. The smaller value
of m 2 represents a narrower shape of W ( p , p). Fig. 2
shows the scatter plot of normalized second moment as a

Figure 1. Scatter plot of brightness temperature as a
function of pressure level

(2)

where n denotes the order of the moment.
P

HPW TB

Selection Criteria
m2
m3 lI14

100 676.93 676.93 676.93 676.93 676.93
115 684.92 686.57 684.92 684.92 684.92
135 689.88 687.95 687.95 687.95 687.95
150 643.60 691.26 691.26 643.59 643.60
200 692.91 692.63 692.91 692.91 692.91
250 694.57 694.56 694.57 694.56 694.57
300 719.09 702.00 699.53 702.00 702.01
350 718.81 703.65 718.81 703.65 718.81
400 705.31 705.31 705.31 705.31 705.31
430 740.85 708.61 708.62 740.85 740.85
475 713.58 707.79 709.44 713.57 707.79
500 740.58 710.82 711.10 713.85 713.85
570 729.28 731.48 730.93 730.93 730.93
620 730.66 730.38 754.63 754.62 754.63
670 744.71 729.83 752.15 744.71 752.15
700 738.65 715.78 738.65 738.37 738.65
780 722.94 727.62 724.87 724.87 724.87
850 747.74 724.32 747.74 747.74 747.74
920 756.56 753.25 755.18 753.52 755.18
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Figure 2. Scatter plot of second moment as a function of
pressure level

function of pressure level. The channel having smallest
second moment at each pressure level is the choice for
that level. A comparison of selected channels (in terms
of wave number) based on the smallest second moment
alone versus those selected manually is seen in Table 1.
Less than half of the channels are same based on second
moment and half power width (HPW).
The third moment of the atmospheric weighting
function W ( p , p ) related to the skewness of the shape
is also used as a criterion. As the third moment
approaches zero, the shape of the weighting function
becomes symmetric with respect to its mean value. Fig. 3
illustrates the scatter plot of absolute value of
normalized third moment, m 3 = M 3 Im~' at different
pressure level. The selection based on third moment
seems to play more important role than second moment
does (Table 1) since there are more common channels
selected from both third moment and HPW.
The sharpness of the shape for the weighting
function can be described by its fourth moment. As the
shape becomes sharper, the fourth moment becomes

P: pressure level (mb)
HPW: half-power width
N: sample size
Table 1. Selected channels (wavenumber cm-1) based on
different criteria and their sample sizes

The normalized second, third and fourth moments
are utilized in this study.
The normalized second
moment or the standard deviation, m 2 = ~ M ~ - M 1 2 ,
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whereas ~ = ( 1 , 1 , 1 , - 1 ) will be the least desired
choice. A training set is created such that combination
of extreme value of each component is chosen ·as input
pattern. The desired output varies from 0.0625 (least
important) to 1.0 (most important) as given in Table 2.
Sixteen ·pairs of input and output patterns are used as
learning example to train the ANN. The output number
is assigned uniformly based on the order of importance:
third moment, fourth moment, second moment, and
brightness temperature from previous experience. ·

larger. The scatter plot of the normalized fourth
moment m 4 = M 4 Im~, called peakness or kurtosis, at
each level is demonstrated in Fig. 4. The comparison of
selected channels based on the largest fourth moment
shows similar role as third moment (Table 1).
Four /arameters (brightness temperature, second,
third, an fourth moments) are evaluated in each
channel. A channel with conditions of coldest brightness
temperature, smallest second moment, smallest absolute
value of third moment, and largest fourth moment is an
ideal choice among all available channels at certain
level. The number of available channels at each level is
different (Table 1). These conditions sometimes exist
simultaneously and sometimes conflict with each other.
Although one condition my be more important than
another one, the quantitative weights connecting each
feature are not known and expected to be different.
Hence, consideration of all conditions is necessary to
provide better decision. Since the variation ranges for
four parameters are significantly different by several
order of magnitude (for example, TB varies from 200 to
300 K, whereas m 2 varies from 0 to 1), a normalization
is made to the range of (-1, 1) at each pressure level. A
= ( n 1 , n 2 , n 3 , n 4)
is
four-component vector
obtained from the normalization of four parameters
(TB , m 2 , m 3 , m 4 )of weighting function for a given
channel. Each component varies within the range
A channel with
- 1 ~ n i ~ 1 , 1 = 1 , 2 , 3 , 4.

Input

v

v= ( -

Output

n1

nz

n3

-1
+1
-1
+1
-1
+1
-1
+1
-1
+1
-1
+1
-1
+1
-1
+1

-1
-1
+1
+1
-1
-1
-1
-1
+1
+1
+1
+1
-1
-1
+1
+1

-1
-1
-1
-1
-1
-1
+1
+1
-1
-1
+1
+1
+1
+1
+1
+1

n4
+1
+1
+1
+1
-1
-1
+1
+1
-1
-1
+1
+1
-1
-1
-1
-1

1.000

0.938
0.875
0.812
0.750
0.688
0.625
0.563
0.500
0.438
0.375
0.313
0.250
0.187
0.125
0.062

1 , - 1 , - 1 , + 1 ) will be the optimum selection;
Table 2. Training Set for Channel Selection

4 Neural Network Classification

This study uses the fopular back propagation (BP)
algorithm in the artificia neural network (ANN) system
which consists of one input, two hidden, and one output
layers. There are 4 neurons in the input layer and 1
neuron in the output layer at each pressure level. Two
hidden layers are used in this study, each of which consists
of 10 neurons. The architecture of two hidden layers is
utilized, since it requires less iterations for training than
with one hidden layer that contains a great number of
neurons for the same accuracy range. Four neurons in
input layer is connected to the four components of vector
whereas the value of output neuron denotes possibility of
selection. The channel with the largest output value at
each level is selected as the optimum channel. The
connections are made only between a neuron and
neurons in previous layer. There is no connection among
the neurons of the same layer. Each connection to a
neuron has a different effect on its state depending on the
weight of that connection. The initial values of the
weights are assigned using a random number generator in
the range of -1.0 to 1.0. The weights change as the
network learns. The weighted sum of the input to a
neuron is usually modified by a transfer function. The
transfer function modifies the weighted sum of the input
values to a reasonable value before l?assing the signal
onto the next layer. For our study, a sigmoid function is
used for this purpose,

-io~o~.o~~~~-~20~0~.o~~~~-~~~o~o.~o~~~.,.....,.....,Th.ir d

Momen. t

Figure 3. Scatter plot of third moment as a function of
pressure level

===-- -·

- I

f(x)=(l+e-x)
100

Fou.rth

(3)

1000

Momen.t

where x denotes the weighted sum of the input values
and f ( x) is the output value (state) of the neuron. The
strength of the weight is modified during each training

Figure 4. Scatter plot of fourth moment as a function of
pressure level
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phase through a graceful degradation with the leaning
rate a = 1 and through a smoothness correction with
momentum factor of 0.9. Convergence for the network
occurs when the maximum error falls below 0.05, after
the training patterns are presented for 3,500 times. Once
the network is trained, it is able to perform the .selection
very rapidly. The selections are not expected to be
identical to the manual selection, since the latter only
describes one portion of the whole feature.
The
assignment of desired output values in the training set
will also affect the decision. It is possible to identify and
assess the influence from a component on the selection
of the optimum channels through examination of the
connection strengths or of the wei~hts between two
consecutive layers resulting from traimng set.

King, J. I. F., 1985, 'Theory and application. of
Differential Inversion to remote temperature sensmg,"
Advances in Remote Sensing RetrieyaJ Methods, A
Deepak, H.E. Fleming, and M. T. Chahine (Eds), A
Deepak Pub. Co ..
Leon, S. L., And J. I. F. Iqng, 1988, "~ s~art. ~gor~th~
for nonlinear interpolation and nmse ~1scnminat~on,
Intl · Workshop on Remote Sensmg Retneyal
·
Methods, Deepak Pub. Co.
Lippmann, R. P., 1987, "An introduction to computing
with neural nets". IEEE Acm1s Spee Signal Proc
Magazine, 4-22.
NOAA, 1984 NOM Polar Orbiter Data [TIROS,
NOAA-6 NOAA-7 and NOAA-8] JJser Guide, U.S.
Dept. of Commerce, NOAA
Revercomb, H.E., H. Buijs, H. B. Howell, D. D. ~ort~,
W. L. Smith and L. A Sromovsky, 1987a, Rad10metnc
calibration of IR Fourier transform
spectrometers: Solution to a problem with the
High-resolution Interferometer Sounder (HIS) . .Appl
Optics 27, 3210-3218.
- - - Knuteson, R. 0., D. D. LaPorte, W. L. Smith, L.
' A. Sromovsky and H. M. Woolf, 1987b, ~adiometric
calibration of IR interferometers: Expenence from
the High-resolution Interferometer Soun~er (HIS)
aircraft instrument. RSRM 87; Advances m Remote
SensinhRetrieyal Methods, A Deepak, H. Fleming
and J. eon, Eds., A Deepak, 89-102.

5 Summacy
In this research effort, we applied neural networks to
the selection of optimum channels among over thousands
of High-resolution Interferometer Spectrometer (HIS)
channels. The selection criteria are based upon the shape
of atmospheric weighting function observed directly from
the first order integral equation. Four parameters
(brightness temperature, second moment, third moment,
and fourth moment) from each channel are extracted and
normalized within the range of (-1, 1). A training set is
created by choosing the extreme values of each parameter
and assigning different output value. An architecture of
four-layer back-propagation (BP) artificial neural
network (ANN) is specified. An input layer consisting of
4 units corresponding to four features, two hidden layer
with 10 units each, and a output layer with one unit which
provides importance of each ini;mt vector. Once the
learning is finished, the network is able to perform in a
very short time. The weight, assigned randomly within
the range -1 to + 1, indicates the strength of the
connection between the input features, .hidden modes,
and output classes.
The ability to interpret wei~hts
within the trained network provides a potentially
powerful tool for understanding the role of the input and
of the physical features on decision making.
The
selection criteria we proposed, although does not cover
all possible conditions, are essential from the viewpoint of
ins!!:Umentation performance of standard atmospheric
structure. Finally, the performance of this system will be
further adjusted and evaluated based on the ground truth
measurement.

Rumelhart, D. E., J. L. McClelland, 1986, ParalJel
Distributed Processing·
Explorations in the
Microstructure of Cognition, MIT Press, Cambridge,
MA
Sheldon, R. A, 1990, "Satellite images analysis using
neural networks:. Proceedings, 192.0 Goddard Con(
on Space ~f,1 of Artificial Interngence Washington,
D.C., 349-3 .
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REAL TIME DISPLAY FOR A BOUNDARY LAYER WIND PROFILER
D.L. DEKKER

and

W.W. RESTALL

Mount Isa Mines Limited
MOUNT ISA, QUEENSLAND, AUSTRALIA
1.

relatively stringent:

INTRODUCTION

an updated set of 5 minute mean data every
5 minutes, 24 hours per day

In October 1989 a UHF boundary layer wind
profiler was installed at Mount Isa, Australia
under a cooperative research agreement between
NOAA Environmental Research Laboratories in
Boulder, Colorado and Mount Isa Mines Limited.

the first measured wind at 100 m above
ground level
measured winds at 100 m intervals to 4000 m

The purpose of the radar was for real time
application in a closed circuit air pollution
control system related to the operation of
metallurgical smelting plants.
The device
provides wind data to assist operators of the
system in decision making to control plant
operation and limit dispersion of sulphur
dioxide in the town area.

e-w, n-s and vertical vector components at
each level
e-w, n-s and vertical spectral widths at
each level
signal to noise ratio. on
component at each level

The major data currently used are boundary layer
wind horizontal components and trends of those
components. Vertical components are used to a
lesser degree.
2.

is accepted that physical limitations will
result in some data loss at times but in general
the profiler is expected to provide winds
throughout the mixed boundary layer.

WIND PROFILING RADAR

Installation of the radar was completed on
October 22 1989. To date the radar has operated
with less than 0.3% downtime.
Data has been
archived since February 1990.
3.

Currently the configuration of the machine
consists of one antenna pointed vertically, one
antenna titled 15 degrees from the vertical
toward the south and one tilted 15 degrees from
the vertical toward the east.
The radar
specific hardware is of NOAA design and the
software to control the system operates on a NEC
Powermate II (PC-AT) with an AT&T DSP32 digital
signal processing card. The control software is
written in Microsoft C 5 .1 with provision to
interface to a separate display computer.

Data transmission is controlled by the radar .
The communication is essentially unidirectional
with the exception of ENQ/ACK handshaking. The
data is transmitted at 2400 bd via modems and
cont irmed with an ACK by the display unit. In
the event that a NAK or no ACK is received
within ten seconds by the radar a second attempt
to send is made .
If there are three failed
transmissions then a failure is assumed, the
radar resumes its normal operation, and the
display system treats that period as having no
data.

Operating parameters for the profiler are easily
altered via menu operation. We have chosen to
adhere to a constant set of parameters which we
believe give near optimum performance within our
requirements. The variables chosen are the end
result of three months of experimentation and 12
months of operational use.
from

the

profiler

COMMUNICATIONS

The unmanned radar site is located 1 km from the
display site.
Connection of the radar and
display sites is by a permanently open telephone
line.

Mount Isa Mines Limited operates a smelting
plant for which environmental control is needed.
The
residential
area of
Mount
Isa
is
approximately 1 km east of the plant and the
radar is sited half way between the plant and
the town. Elevation is 537 m.

requirements

vertical

It

The radar in use is a 915 MHz doppler radar
supplied by National Oceanic and Atmospheric
Administration
Environmental
Research
Laboratories in Boulder Colorado.

Data

the

Sending data from the radar as it becomes
available rather than sending on demand by the
user was chosen as a simple and easy to maintain
system.
There is no attempt to synchronise
times of the PC units thus avoiding possible
complexities introduced by adjusting the radar
times.
It is vital in a real time operation
that the radar display reflects the true local

are
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standard time; this system avoids drifts in the
radar time being transmitted to the display PC.
The only failing of the system, one which we
consider minimal, is that wind data may become
available as much as five minutes late.

Designer requirements included the following:
I

The program must
maintainable.

Six hours of data needs
resident for quick access.

To avoid the considerable overheads involved in
a packaged software communications protocol
system
the
radar
and
display
software
communicates directly via RS232C ports.
A
message structure was developed to ensure data
integrity (Appendix 1}.

to

be

easily
memory

One week of data needs to be available on
hard disk
for
simple
retrieval
by
operators. This data is updated every five
minutes.

The data is received by the display PC using
Turbo Asynch Plus 4.0 (Blaise Computing Inc.}
operating as a background program placing the
received data into memory buffers for inspection
by user written software.
4.

be modular and

Error handling deals
error:

with

three

classes

of

Data errors from the radar are flagged by
setting all bits of the relevant byte high.
Any calculation based on error data is left
blank in trend type applications.

DISPLAY DESIGN

Display system design was undertaken using a top
down approach. The software chosen to produce
the display system was Turbo Asynch Plus 4. 0
(Blaise Computing Inc.) for radar communications
interrupt handling, Logitech Mouse Software 4.0
for ease of interfacing with a Logi tech bus
mouse and Turbo Pascal 5. 5 (Borland} for the
display, scheduler and data handling software.

System failure and subsequent
results in automatic restart
programs and recovery of a working
from disk files.
It is possible
system to crash and recover with
loss providing there has been
transfer from the radar during the
period.

The potential users of the display system were
canvassed to establish their requirements. In
summary those requirements were as follows:

I/O errors are handled by Turbo Pascal
calls to DOS. They deal mainly with disk
and printer operations. An I/O error does
not cause a system failure.

Simplicity of use to avoid the need for
significant user intervention when they may
be preoccupied with other tasks.
This
would also minimise the likelihood of
confusion in busy situations.

recovery
of the
data set
for the .
no data
no data
shutdown

The software was designed around two structures,
the commercial background units Turbo Asynch
Plus 4.0 and Logitech Mouse Software and the
foreground program AQC written using Borland
Turbo Pascal 5. 5.
AQC is a modular program
which carries out the tasks of scheduler for
display
updates,
data
handling
from
communications input to archiving, the user
interface and display presentation.
AQC
features are outlined in Appendix 2.

Displays should be sufficiently different
to each other to minimise the risk of error
in interpretation.
All options should be readily accessible at
any time without the need for significant
interaction which could occur in some menu
systems.

5.

PROBLEM AREAS

The first design problem encountered was the
complexity of displays if too many parameters
were displayed at one time.
The solution to
this was to reduce the number of parameters to a
working subset for each individual display
ensuring that the display still adequately
served user requirements.

All operations must be mouse selectable.
Recent archive data (the last few days}
should be easily accessible for direct
comparison with current data.
Trends in time are of at least as much
significance as absolute values in this
application. This means that, as far as
possible, time should be a parameter of the
displays.

Displaying an updated graphic screen on a PC-AT
can be relatively slow for the busy user
attempting to switch between several options in
quick succession. To overcome this most of the
data is stored in such a way that the screen
displays can be produced rapidly with minimal
manipulation and no reordering of co-ordinates.
One exception requires a map background. This
is achieved by a disk to screen dump and
overlaying with x-y plots as required. Displays
are generally updated in less than 2 seconds.

The system must be able to operate on a PCAT with VGA.
Individual display components were designed
using a PC freehand drawing program and each
presented
to
users
for
assessment
and
modification. This meant that modification of
displays was quick and simple with no need for
programming until the required product had been
detailed adequately.

Missing data presents problems in those cases
where it is used as part of a cumulative

506

structure (eg. a smoke plume dispersion model).
This problem has not been fully addressed but
some convolution or splining approaches may
prove useful.
In most images, missing data
points result in the loss of only one display
pixel and this generally causes no significant
problem.

a UHF boundary layer wind profiler
operational environment .

The system is fully operational though it could
benefit from development of more displays based
on physical meteorology concepts and broadening
to deal with multiple radars.

APPENDIX 1
Format for data transfer from wind profiler:
1.

Message preamble (12 bytes)
BYTE 1 BINARY (1)
BYTE 2 Sequence number (0-255)
BYTE 3 255 - Sequence number [XOR (Byte 2)]
BYTES 4 AND 5 Integer value = number of
bytes sent in this message (nominally 512
bytes in this format)
BYTES 6 TO 12 Spare

Attempts were made to establish mixing depth by
using the signar to noise ratio on the vertical
beam.
This had limited and inconsistent
success. More work is needed in this area or,
alternatively, the .use of RASS may remove the
need for this type of estimate.
THOUGHTS FOR THE FUTURE

A vast new window has been opened by the use of
wind profiling devices. To date they have been
largely limited to research areas but have the
potential to be extremely useful to operational
meteorologists. In our experience the boundary
layer profiler is especially useful in the field
of air pollution meteorology in a mesoscale
environment. With this in mind we feel that the
following directions for work on displays are of
importance:

2.

Record 1 12 bytes,
year: month: day: hour: minute (time of
completion of data collection), byte 6 set
to 255 for no data or left at 0 if valid
data is being transmitted, bytes 7 to 12
are spares for future use.

3.

Records 2 TO 41 inclusive.
Record 2 at 100 metres above ground level
successive records at 100 metre intervals
to 4000 metres.

Dispersion modelling,
especially
puff
models, may be significantly improved with
this type of system. It is likely that a
PC-AT will require an accelerator card to
have sufficient speed to do such work in a
real time environment.

CONTENTS

Display techniques to use data from
multiple
radar
sites
need
to
be
investigated. A good starting point may be
streamlines and isotachs.
Gradual changes during mixing and synoptic
change situations are not evident at the
current level of display.
Further
development of displays using acceleration,
force, temperature (RASS) and vorticity may
prove to be more valuable in highlighting
trends.
At this stage no use has been made of the
spectral width data or signal to noise
ratio from the doppler spectra.
It is
likely that valuable meteorological data is
available there but a concerted effort is
needed to find applications .
7.

an

Success of the displays results from their
simplicity both in visual appearance and access.

Smoothing of data is user selectable.
When
selected it is minimal using a 3*3 convolution
for both speed and data integrity. This level
of smoothing is easily handled by a PC-AT with a
In general its effect is
math co-processor.
mostly cosmetic in that it gives a more flowing
appearance to displays and fills in single
missing display pixels.
Users feel that raw
data is of ten preferable to since it does not
degrade data.

6.

into

1

Magnitude of North/South wind
component x 10 (0-25.4 m/s). (No
data sent as 255) .

2

Magnitude
component.

of

East/West

Wind

3

Magnitude
component.

of

vertical

wind

4

Standard deviation of North/South
wind component with sign bit used
to indicate sense of North/South
magnitude (North is negative) (012.6 m.s.).
(No data sent as 127) .

5

Standard deviation
wind component with
to indicate sense
magnitude (east is

of East/West
sign bit used
of East/West
negative).

6

Standard deviation
wind component with
to indicate sense
magnitude (down is

of East/West
sign bit used
of East/West
negative).

7

Signal to noise ratio -126 to
127 db (1 db steps) .
(No data
sent as -127).

CONCLUSIONS

The AQC wind profiler display system has
achieved rapid acceptance among its users and is
largely responsible for the rapid integration of
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8

Error indication 0 = some valid
data for this level, 255 = no
valid data for this level.

9-12

Spares for possible future use
with other radar parameters or
RASS.

4.
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APPENDIX 2
AQC wind profiler display program features.
Figure 1

Table.
The x axis in this table is
local standard time and they axis feet.
Winds
displayed are in degrees true and knots.
The
right hand side of the screen shows the
permanently available menu which can be accessed
by mouse, cursor buttons or single key stroke
selection.
Units are chosen for consistency
with the Australian Bureau of lfeteorology.

The AQC program has significant cost advantages
over more complex systems because it is capable
of operating successfully on a PC-AT with VGA.
This means that it is relatively inexpensive to
have many users with access to the same system.
Currently the system has the following features:
The program is self starting from a cold
boot with the construction of a current
working data set (6 hours) if the data is
available.

FLAT ARROW
Vector arrows in the horizontal plane
turned into the vertical for . display
purposes. The vectors show direction only
since, in the current application, light
winds
are
important
and
vectors
proportional in length to speed would
become difficult to view at the most
significant times.
A variation of the
"hourly averages of horizontal winds" used
by Peterson (1988). (Figure 2.)

Minimum required hardware is a PC-AT with
VGA and a modern.
Also useful is a dot
matrix printer, a 40 Mb disk drive, a
1.44 Mb floppy disk drive and a Logitech·
bus mouse.
The software is easily maintainable with
addition
of
display
modules
being
relatively easy.
Display modules currently in the system are:
TABLE
A table of wind data at each data point
over the last hour in DDDFF f orrnat with
directions in degrees true, speeds in
knots, local times and heights in feet.
(Figure 1.)

Figure 2

In this display the x
Flat Arrow.
axis displays time and the y axis heights in
thousands of feet.
Arrows are used in
preference to feathers to enhance the s1110othness
of the display.
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components are displayed at 200 m intervals.

BALLOON
A synthesised balloon flight to 2000 m
with an ascent rate of 2.5 ms-1
The
display is a hodgram showing horizontal
displacement with height of a balloon. It
can be animated over user selected time
periods. (Figure 3.}

ADVECTION
This is a direct application of the
thermal wind equation to a six hour mean
wind profile. It is intended to be used
as an indicator of the strength of
temperature
advection
near
frontal
regions. Performance of this display in
dry air is reasonable but it tends to tail
in cloud and rain situations.
PLUME
Plume attempts to display a smoke plume
centreline on a topographic map. At this
stage plume is a test display only. It is
intended to form the basis of a put f
dispersion model display and has been
installed for visual testing.
6 HR WINDS

This was an attempt to display wind data
as a function of time.
There are two
graphs, the top one showing east/west
components
and
the
bottom
showing
north/south components.
Components are
displayed as coloured pixels with dull
colours indicating light winds and bright
colours
representing
strong
winds.
Movement of a pair of cursors positioned
by the mouse to any point on the display
will show the time, height and wind speed
and direction at that point.

Figure 3
Quadrant Display.
This shoffs the
ability to display four options at one time for
a quick reference. Images displayed are V. ffind
(upper left), balloon (loffer left) and 6 hour
Jfinds on the right (the e/ff component is at the
top and the n/s at the bottoa.
V. WIND

WIND DATA

A series of x axes at different heights
with a histogram type display of vertical
velocity. Maximum speed shown is 2.5 ms-1
with greater speed shown as a full scale
blue (rather than white} bar. (This is a
direct copy of the multi-height time
series used by Ecklund Et Al (1989} and
Gage Et Al (1989). (Figures 3 & 4.)

Another wind table but with winds averaged
over a half hour period and 300 m layer.
This produces more familiar mean winds in
variable situations.
STREAM LN
The display consists of two graphs in much
the same way as a 6 hr winds but with
vector arrows resolved as horizontal
components against vertical components.
It
succeeds in highlighting thermal
activity, shear turbulence and subsidence
associated with frontal movement. (Figure
5.}

Figure 4
tor flat

v. Jfind. Axes labels are the saae as
arroff

(c.f.

Figure 2).

Vertical
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I

Figure 5 Axes in this display are labelled as
those in flat arroff (c.t. Figure 2).
The
vectors in the upper section are in the e/r
plane and in the lorer section in the n/s plane.
QUAD WIND
A quick reference to show at a glance
which quadrants various winds are in.
This is a good display for showing the
movement or development of shears.
DISKS
The display is rarely used. It shows wind
direction and speed to 1500 m for the last
30
minutes
together
with
vertical
component as a colour code.
In general
the amount of data has made the display
overly complex.
8.
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PROGRESS REPORT ON THE FORECAST PRODUCTION ASSISTANT
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1.

INTRODUCTION

The Forecast Production Assistant (FPA) is a
complex computer program designed to produce plain
language forecasts in both English and French from a
sequence of graphical weather depictions. It is one
component of an ongoing, in-house operational
meteorological workstation development project being
undertaken by various R&D units of Canada's
Atmospheric Environment Service.

operationally, a hands off step. Step two is the
integration of NWP products, observations, satellite
_ images and radar images into weather depiction charts.
This is very human intensive. It is largely a graphical
analysis procedure, a process which forecasters do best.
Step three is the conversion of weather depiction charts
into worded and graphical products. This is a time
consuming and repetitive reformatting of the same
information.
The last step has experienced rapid growth over
the last decade. Weather centres now issue an average
of one regional public forecast every 12 minutes. While
the number of products has grown dramatically, the
number of forecasters has not. More and more time is
spent producing output products with a commensurate
decrease in the amount of time spent forecasting.

This paper will discuss the reasons the FPA was
created, describe in general terms the components of
the FPA and discuss the results of field tests of the
program. These tests, limited to the production of
worded marine forecasts, were conducted at three
operational weather centres during the period
February to April 1990.
2.

The goal of the FPA is to issue most if not all
forecast products from a single set of weather
depictions. All products, both graphical and English
and French text, will use the same meteorological
input. Forecasts are more likely to be consistent with
each other and will also use more consistent
terminology from issue to issue.

PURPOSE

The eventual purpose of the FPA is to allow
weather forecasters to draw a time series of detailed
weather depiction forecasts and from this produce a
variety of forecast products. These products could
range from worded weather forecasts to specialized
graphical displays.

The aim of the FPA is to provide forecasters
with powerful tools to enhance step two activities and
to eliminate, as much as possible, forecaster
involvement in step three. We do not want to
eliminate or mechanize human involvement in the
forecast process, but reduce boring and repetitive
activities. The more time forecasters spend doing those
things which people do better than machines, the
better the forecast product will be.

Modern text generation software allows worded
weather forecasts to be developed for a wide range of
users including the general public, the marine
community, the aviation community, forestry, and
agriculture. (Goldberg 1988). The forecasts can be
tuned to take advantage of local preferences in
vocabulary and syntax providing a much more natural
"feel" to the forecast. Of great importance to Canada,
with two official languages, is the fact that much of the
text generation process is not language specific. It is
therefore economical to generate worded forecasts in
English and French directly from the graphics files and
thus avoid costly and time consuming translation.

4.

The system consists of four major modules each
of which will be described in general terms (see
McLeod, 1990 for more detail):
- Guidance Analysis

The current version of the FPA is limited to
producing marine forecasts for three Weather Centres;
the Newfoundland Weather Centre, the Maritimes
Weather Centre and the Ontario Weather Centre.
3.

SYSTEM DESCRIPTION

- Depiction Editor
- Time Linking

RATIONALE

- Language Generator

The forecasting process consists of three steps.
Step one is collecting observations, producing NWP
products and disseminating the outputs._ This is,
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4.1

Guidance Analysis Module

The FPA uses the latest Numerical Weather
Prediction (NWP) forecasts as guidance for the
forecaster. The model of preference is th~ Finite
Element (RFE) model which is run twice daily on the
CRAY X-MP facility at the Canadian Meteorological
Centre in Montreal. A program inserted into the
operational run generates the fields necessary for the
FPA and transmits them to the weather centres.
The FPA arranges the received guidance fields
into products. Products are defmed as a combination of
one or more fields (usually two) valid for the same time
and level (eg. 500 mb height and temperature fields).
The product definitions are completely arbitrary and
are controlled through the use of set-up files read by
the FPA at run time.
The forecaster can manipulate guidance
products in several ways. As all fields are represented
as B-spline surfaces (Trafford, 1990) the fields can be
sampled at any point. The colour and line style of any
field can be changed to enhance readability. The
forecaster also has the ability to annotate the guidance
products to assist him in drawing the weather
depictions. The annotations can be displayed
independently of the guidance products to allow the
forecaster to superimpose significant features from
several guidance products.

Fig. 1. Annotated 500 mb height and vorticity .guidance
product.

An example of a guidance product with
annotation field is shown in Figure 1.
4.2

Poke raises or lowers a field value at a specific
point and is usually used to adjust the central pressure
of lows and highs. This edit is normally performed
second.

Depiction Editor Module

Drag allows the forecaster to move a contour, or
any arbitrary point, to another position. The fields are
adjusted to remain proper (no crossing of contours).
This edit is usually performed last.

Once the guidance analysis is complete the
forecaster begins work on the sequence of marine
weather depiction charts. He may decide to create the
entire sequence from scratch or he may edit an existing
sequence. For each chart in the sequence the
forecaster must create or accept four or five forecast
elements. These elements are:

4.2.2 Discrete Fields (Areas)
Discrete fields (or areas) are manipulated by
three tools; Draw, Divide and Modify.

- MSL pressure

Draw allows the forecaster to draw and assign a
value to new discrete areas such as clouds and
weather. The new field may be contained inside an
already existing area or intersect it to form a lobe.
This last action is especially useful in drawing cloud
areas.

- Surface temperature
- Clouds and weather
-Wind
- Wave heights (some offices)

Divide permits an already existing area to be
divided into two (or subsequently more) areas and
assigns to each portion a new value.

The depiction editor module allows the
forecaster to edit, modify and create these fields.
4.2.1 Continuous Fields

Modify is a complex option which operates on an
existing area. The forecaster may delete an area,
modify the shape of an area or change the value
assigned to an area.

All continuous fields are represented as B-spline
surfaces. The forecaster has three tools to manipulate
these fields; Move, Poke and Drag.

4.2.3 Line Objects

Move allows the forecaster to outline a feature,
such as a low pressure system, and move it to a new
location. The field is automatically adjusted around
the moved feature. This tool is usually used first.

Line objects include fronts, troughs and ridges.
This editing function is rather primitive in this version
of the FPA as these objects are not used directly in the
production of forecasts.
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4.3

4.4.4 Text Generation

Time Link Module

In order to provide a time resolution sufficiently
fine to drive the language generation modules, the
series of forecast depiction charts must be time
interpolated. Currently depictions are drawn at 12
hour intervals out to T+48. These are interpolated to 3
hour intervals which is sufficient for marine forecasts.

The ultimate goal of the FPA is the generation
of text. In our case the goal was the production of text
with as little machine like quality as possible. To
accomplish this techniques from the field of
Computational Linguistics were used.
Over one million words of human written text
covering all seasons and hopefully all situations were
analyzed. Meteorologists then worked with linguistic
specialists to explain why some phrases were used in
certain situations an not in others. This process, while
expensive and time consuming, does result in text that
is essentially indistinguishable from that produced by
forecasters.

For the interpolation procedure to function the
forecaster must link features between depictions. He
must, for example, link pressure features to allow for
the correct interpolation of pressure patterns. One
series of links through every depiction in the sequence
is sufficient for the interpolation process to work but
the number of links necessary to provide the best
interpolation results in any given situation is not well
determined and will be a matter of experience.
4.4

Two-thirds of the text generation process is in
developing concepts and in planning and is
independent of the target language. It is therefore
easily modified to produce both English and French
text, a requirement in Canada.

Language Generator Module

The process of generating text is composed of
several discrete identifiable sequential steps:

5.

EXAMPLE

- Graphics sampling
Figures 2 a) through e) show a 48 hour time
series of weather ·depiction charts created on the FPA.
Figure 3 shows the east coast marine forecast regions.
Table 1 gives the resultant text for the group of
forecast regions north of Newfoundland.

- Time merge
- Space Merge
- Text generation
4.4.1 Graphics Sampling
All marine forecast areas are divided into from
10 to 20 regions. The first step in producing a forecast
is to sample each region in each of the interpolated
forecast depictions to produce a time series of weather
elements.
4.4.2 Time Merge
Once the time series of weather elements are
available a Prolog program examines each one for
'significant' changes. The definition of 'significant' can
be a function of element, region, time of year and the
complexity of the weather situation. Determining the
definition of significant has proved to be a difficult and
time consuming task.
4.4.3 Space Merge
Once the weather has been reduced to a
statement of significant weather in each region, the
next step is to group regions. This is required to limit
the overall length of the forecast.
Generally, regions can be grouped iftheir
warning status is identical, they are contiguous and
their weather is 'similar'. Again defining the concept of
'similar' has proved to be difficult. In consultation with
forecasters it was determined that the most important
factor in determining when regions become dissimilar
is the effect this decision has on the overall length of
the forecast. The rules must therefore be somewhat
recursive.

Fig. 2a). Weather depiction for Oct. 4, 12Z.
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Fig. 2d). Weather depiction for Oct. 6, OOZ.

Fig. 2b). Weather depiction for Oct. 5, OOZ.
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Fig. 2e). Weather depiction for Oct. 6, 12Z.

Fig. 2c). Weather depiction for Oct. 5, 12Z.
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SOUTH COAST
EAST COAST
BELLE ISLE BANK
FUNK ISLAND BANK.
WINDS NORTHWEST 10 TO 15 KNOTS INCREASING TO
SOUTH 20 TO 25 EARLY FRIDAY MORNING. WINDS
DIMINISHING TO SOUTHERLY 20 FRIDAY EVENING. MIST
FORMING FRIDAY MORNING. RAIN BEGINNING FRIDAY
MORNING ENDING IN THE EVENING. VISIBILITY FAIR
IN RAIN AND MIST. TEMPERATURES PLUS 7 TO PLUS
12.
OUTLOOK FOR SATURDAY ... LIGHT TO MODERATE
SOUTHERLIES.
NORTHERN GRAND BANKS
SOUTHWESTERN GRAND BANKS.
WINDS LIGHT INCREASING TO SOUTH 15 KNOTS FRIDAY
MORNING AND TO SOUTH 25 IN THE AFTERNOON. MIST
FORMING FRIDAY AFTERNOON. RAIN BEGINNING FRIDAY
AFTERNOON ENDING IN THE EVENING. VISIBILITY FAIR
IN RAIN AND MIST. TEMPERATURES NEAR PLUS 10.
OUTLOOK FOR SATURDAY ... MODERATE TO STRONG SOUTH
WINDS.
SOUTHEASTERN GRAND BANKS.
WINDS LIGHT INCREASING TO SOUTH 15 KNOTS FRIDAY
EVENING. GOOD VISIBILITY. TEMPERATURES NEAR PLUS
12.
OUTLOOK FOR SATURDAY ... LIGHT TO MODERATE SOUTH
WINDS DIMINISHING TO LIGHT.
END FPA/FOG

Fig. 3. East coast marine forecast areas. Areas within
A are issued by the Atlantic Weather Centre and those
within Bare issued by the Newfoundland Weather
Centre.

6.

Field tests of the program were conducted in the
three operational weather centres during the period
February to April 1990. The FPA was run in parallel
to the normal marhie forecast programme by
operational forecasters. The four main objectives were:

Table 1. Sample Marine Forecast.

1. test the system as a whole,
2. test the components of the system,
3. evaluate the quality of the worded
forecasts,
4. assess the status and future of the FPA.

**************************************

*
*

COMPUTER GENERATED MARINE FORECAST
Version 3
June 1990

*
*

**************************************

Forecast Research Division

FIELD TEST RESULTS

4-0ct-90 2:10:28 PM

FPCN20 CYQX 041900
MARINE FORECASTS FOR NEWFOUNDLAND ISSUED BY THE
NEWFOUNDLAND WEATHER CENTRE OF ENVIRONMENT
CANADA AT 3.30 PM NST THURSDAY 04 OCTOBER 1990
FOR TONIGHT AND FRIDAY WITH AN OUTLOOK FOR
SATURDAY. THE NEXT SCHEDULED FORECAST WILL BE
ISSUED AT 8.00 PM.

An examination of the test reports led to the
conclusion that the requirements of the Atlantic and
Newfoundland Weather Centres are significantly
different from those of the Ontario Weather Centre.
While marine forecasting in the Atlantic Region is
mostly on a synoptic scale, that in Ontario is virtually
in the mesoscale. For this reason discussion of the
field results is divided between these two areas.

BELLE ISLE
NORTHEAST GULF
SOUTHWEST COAST
NORTHEAST COAST.
WINDS LIGHT INCREASING TO SOUTH 30 KNOTS BEFORE
DAWN FRIDAY. WINDS DIMINISHING TO SOUTHWEST 20
FRIDAY AFTERNOON. MIST FORMING OVERNIGHT AND
PERSISTING FRIDAY. RAIN BEGINNING OVERNIGHT
ENDING FRIDAY EVENING. VISIBILITY FAIR IN RAIN
AND MIST. TEMPERATURES PLUS 6 TO PLUS 12.
OUTLOOK FOR SATURDAY ... LIGHT TO MODERATE
SOUTHWEST WINDS.

6.1

Atlantic and Newfoundland Weather Centres

The Atlantic and Newfoundland Weather
Centres produce forecasts for large areas off the
eastern coast of Canada (see Figure 3). Forecasts thus
are very general and are tailored mostly to commercial
shipping and fishing vessels.

GULF PORT AU PORT.
WINDS LIGHT INCREASING TO SOUTHERLY 25 KNOTS
LATE THIS EVENING. WINDS DIMINISHING TO
SOUTHWEST 15 FRIDAY AFTERNOON. MIST FORMING LATE
THIS EVENING AND PERSISTING FRIDAY. RAIN
BEGINNING LATE THIS EVENING AND CONTINUING
FRIDAY. VISIBILITY FAIR IN RAIN AND MIST.
TEMPERATURES PLUS 7 TO PLUS 13.
OUTLOOK FOR SATURDAY ... LIGHT TO MODERATE
SOUTHWEST WINDS.

The tools provided by the FPA for the
manipulation of the forecast depictions and for the
display and annotation of guidance were found to be
good for most tasks. While many specific items were
listed as requiring change or improvement, forecasters
were able to generate the isobaric pattern, weather
areas and wind field desired and had little problem
utilizing the numerical guidance. The various
components of the FPA were found to work well
together and provide a fairly well integrated
environment. Many specific problems were identified
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with the space and time merging rules and of some
specific syntax of the worded forecast output, but few
complaints were voiced concerning the general quality
of the forecasts.
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Most forecasters found the time linking process
to be tedious and unproductive, although necessary for
the FPA to function. Although this was not listed as a
major complaint, the "wish list" for future versions of
the FPA included some mechanism to automate most of
the time linking process with the forecaster involved
only in the verification of the links.
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It was considered that the present state of the
FPA could justify serious consideration of its
operational implementation given that some
mechanism could be incorporated to overcome the
problem of rapid issuing of amendments and warnings.

--{
I

Fig. 4. Map used for Great Lakes Marine forecasting.

7.1

Amendment/Warning Editor

In design is an editor which will allow forecaster
intervention in the forecast production process after the
space and time merge and before the language
generation stage. The current concept is of a graphical
editor which would allow the forecaster to manipulate
the time and space merged parameters. The forecaster
could, for example, increase the average wind speed
over several marine areas and force the issuing of a
wind warning. Once the space and time merged data
has been altered, the new data would be used as direct
input to the language generator.

Ontario Weather Centre

The Ontario Weather Centre produces forecasts
for the Great Lakes. The forecast areas are relatively
small with a fairly high level of detail in the forecasts.
The forecasters mentioned many problems
which appear to be related to the scale of the forecast
area. The map scale was chosen to allow for the kind
of detailed depiction required for the Great Lakes
marine forecast (see Figure 4). The forecasters found
that the editing tools provided for manipulating
continuous fields were inadequate. Due to the map
scale, features which on a synoptic scale map move at a
manageable pace, move very rapidly. Many edits thus
require large movements resulting in large distortions
of the field which are very hard to compensate for.

7 .2

Map Scale Change

The major complaints from the Ontario Weather
Centre seem, upon analysis, to be a scale problem.
Forecasters need to be able to examine and edit
weather systems on the synoptic scale to get .a global
picture of the evolving weather situation. Forecasters
also need to edit weather features over the smaller
forecast area to provide the required detail. This will
probably have to be handled by allowing the forecaster
to first create synoptic scale forecast depictions and
then map to the smaller scale. The forecaster could
then edit the remapped fields to provide the detail
required for forecast generation.

Also mentioned was the difficulty in getting the
'big picture' of system movement when dealing with the
smaller map area. This quite often lead to 'tunnel
vision' and a feeling of detachment from the weather
systems during the forecasting process.
The Ontario Weather Centre felt that the FPA
was far from operational implementation. Despite this
however, the testers were quite pleased with many
aspects of the system and were sufficiently impressed
to recommend continued support for FPA development.
7.
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The forecasters' major complaint was the
inability to rapidly issue forecast amendments and
warnings using this system. The process of creating a
sequence of weather depictions, time linking and
forecast generation, while good for the routine issuing
of forecasts, was found to be too slow in any rapidly
developing situation where a fast response is required.

6.2

I

\

7.3

Graphical Aviation Area Forecast Charts

Tests are under way at the Prairie Weather
Centre to determine the feasibility of using the FPA to
produce graphical aviation area forecast charts. With
the widespread availability of small fax machines even
small private airports could have access to such a
product. If the tests prove successful, the FPA will
have this capability incorporated into it within the next
year.

RESPONSE TO THE FIELD TEST

Plans for this coming year call for incorporating
into the FPA mechanisms for dealing with the major
recommendations resulting from the field test. These
include an amendment/warning editor and the ability
to change map scales. Work is also proceeding at other
R&D sites to utilise the FPA in the production of
graphical aviation area (FA) forecasts.
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8.

FUTURE DEVELOPMENT

Over the next two to five years the development
plan for the FPA includes:
investigation of utilizing weather depiction
charts as products
extension to other forecast types including
various public forecasts and specialized
industrial forecasts
9.

CONCLUSIONS

The Forecast Production Assistant was tested by
operational forecasters at three weather centres from
February to April 1990. Many detailed problems were
detected and some major extensions thought necessary
for operational implementation identified. The general
response was, however, very positive and
implementation is assured in two weather centres in
early 1991 with implementation in the third possible
by late 1991.
10.
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Conf. on Atmospheric Environment of Aerospace Systems and
Applied Meteorology, 1978
Conf. and Workshop on Wind Energy Characteristics and Wind
Energy Siting, 1979-$25
Third Conf. on Hydrometeorology, 1979
11 th Conf. on Severe Local Storms, 1979-0ut of Print
Seventh Conf. on Inadvertent and Planned Weather Modification,
1979 (Extended Abstracts)
Sixth Conf. on Probability and Statistics in Atmospheric Sciences,
1979
Second Conf. on Coastal Meteorology, 1980---0ut of Print
Second Conf. on Flash Floods, 1980
Second Joint Conf. on Applications of Air Pollution Meteorology
and Second Conf. on Industrial Meteorology, 1980---$32
Eighth Conf. on Weather Forecasting and Analysis, 1980
I 3th Technical Conf. on Hurricanes and Tropical Meteorology,
1980
Fifth Symp. on Turbulence, Diffusion, and Air Pollution, 1980
(Extended Abstracts)
15th Conf. on Agriculture and Forest Meteorology and Fifth Conf.
on Biometeorology, 1981 (Extended Abstracts)
Fourth Conf. on Atmospheric Radiation, 1981
Eighth Conf. on Inadvertent and Planned Weather Modification,
1981 (Extended Abstracts)
Fourth Conf. on Hydrometeorology, 1981
Fifth Conf. on Numerical Weather Prediction, 1981

* Add

$3 per item for postage and handling . Prices subject to future
changes without notice.
+ In preparation.

Seventh Conf. on Probability and Statistics in Atmospheric Sciences, 1981
Second Conf. on Mountain Meteorology, 198 l
20th Con f. on Radar Meteorology, 1981-$25
l 2th Conf. on Severe Local Storms, 1981-$25
Third Joint Conf. on Applications of Air Pollution Meteorology
._
(Extended Abstracts), 1982
First International Conf. on Meteorology and Air Sea Interaction
of the Coastal Zone, 1982-$25
Second Symp . on the Composition of the Nonurban Troposphere
(Extended Abstracts), 1982
Ninth Conf. on Weather Forecasting and Analysis, 1982
Conf. on Cloud Physics (Extended Abstracts), 1982
Proceedings of the International Conf. on the Aviation Weather
System, 1981 (published 1982)-$25
Proceedings of the International Conf. on Climate and Offshore
Energy Resources, 1980 (published 1982}-$25
Sixth Symp. on Turbulence and Diffusion (Extended Abstracts),
1983
Fifth Symp. on Meteorology Observations and Instrumentation,
1983-$25
l 6th Conf. on Agriculture and Forest Meteorology and Sixth Conf.
on Biometeorology (Extended Abstracts), 1983
Seventh Conf. on Fire and Forest Meteorology, 1983-0ut of Print
Sixth Conf. on Numerical Weather Prediction, 1983
Ninth Conf. on Aerospace and Aeronautical Meteorology, 1983
First International Conf. on Southern Hemisphere Meteorology
(Extended Abstracts), 1983
21 st Con f. on Radar Meteorology, 1983-$3 2
l 3th Conf. on Severe Local Storms (Extended Abstracts), 19830ut of Print
Fifth Conf. on Hydrometeorology, 1983
Fifth Conf. on Atmospheric Radiation (Extended Abstracts), 1983
Eighth Conf. on Probability and Statistics in Atmospheric Sciences,
1983
l 5th Technical Conf. on Hurricanes and Tropical Meteorology,
1984--$30
Third Conf. on Meteorology of the Coastal Zone, 1984
Ninth Conf. on Weather Modification, 1984
Seventh International Conf. on Atmospheric Electricity, 1984-$30
lOth Con f. on Weather Forecasting and Analysis, 1984--$30
Conf. on Satellite Meteorology/Remote Sensing and Applications,
1984--$30
22nd Conf. on Radar Meteorology, 1984--$32
Fourth Joint Conf. on Applications of Air Pollution Meteorology,
1984--$30
Third Conf. on Mountain Meteorology, 1984
Third Conf. on Climate Variations: Symp. on Contemporary Climate: 1850---2100, 1985-0ut of Print
International Conf. on Interactive Information and Processing Systems for Meteorology, Oceanography and Hydrology, 1985$30
l 7th Conf. on Agriculture and Forest Meteorology and Seventh
Conf. on Biometeorology & Aerobiology, 1985-$30
l 6th Conf. on Hurricanes & Tropical Meteorology, 1985
7th Conf. on Numerical Weather Prediction, 1985-$30
Second International Conf. on the Aviation Weather System, 1985
Conf, on Aerospace and Range Meteorology, 1985-0ut of Print
Ninth Conf. on Probability and Statistics in Atmospheric Sciences,
1985-$30
14th Conf. on Severe Local Storms" 1985-$30
Sixth Conf. on Hydrometeorology, 1985-$30
Seventh Symp. on Turbulence and Diffusion, 1985-$30
National Conf. on the Scientific Results of the First GARP Global
Experiment, l 986--$3D
2nd International Conf. on Interactive Information and Processing
Systems for Meteorology, Oceanography, 1986--0ut of Print
Second Conf. on Satellite Meteorology/Remote Sensing and Application'S, 1986--$30

PUBLICATIONS OF THE AMS
List Prices Effective June I, 1990
(continued)
Sixth Conf. on Atmospheric Radiation, 1986-$30
IOth Conf. on Weather Modification , 1986-$30
11 th Conf. on Weather Forecasting and Analysis, 1986-$30
Conf. on Climate and Water Management-A Critical Era and
Conf. on Human Consequences of 1985's Climate, 1986-$30
23rd Conf. on Radar Meteorology and Conf. on Cloud Physics and
Papers from Joint Sessions, 3 Vols ., 1986-$90
Fifth Joint Conf. on Applications of Air Pollution Meteorology
with APCA, 1986-$30
Second International Conf. on Southern Hemisphere Meteorology,
1986-$30
3rd International Conf. on Interactive Information and Processing
for Meteorology , Oceanography, Hydrology, 1987-$30
Sixth Symp. on Meteorological Observations and Instrumentation,
1987-$30
Fifth Conference on Applied Climatology , 1987-$30
l 7th Conf. on Hurricanes and Tropical Meteorology , 1987-$30
Ninth Conf. on Fire and Forest Meteorology, 1987-$30
Third Conf. on Mesoscale Processes, 1987-$30
Fourth .Con f. on Mountain Meteorology, 1987-$30
18th Con f. on Agricultural & Forest Meteorology and Eighth Conf.
on Biometeorology & Aerobiology, 1987-$30
Seventh Conf. on Hydrometeorology & I Ith Weather Modification, 1987-$30
IOth Conf. on Probability & Statistics, 1987-$30
4th Intl. Conf. on Interactive Information Processing for Meteorology , Oceanography, Hydrology , 1988-$40
3rd Conf. on Satellite Meteorology and Oceanography , 1988-0ut
of Print
7th Conf. on Ocean-Atmosphere Interaction , 1988-$40
4th Conf. on Meteorology & Oceanography of the Coastal Zone,
1988-$20
8th Conf. on Numerical Weather Prediction , 1988-$40
15th Conf. on Severe Local Storms, 1988-$40.00
2nd Conf. on Polar Meteorology and Oceanography, 1988-$25
8th Symp. on Turbulence and Diffusion , 1988-$40
Palmen Symposium on Extratropical Cyclones and Their Role in
the General Circulation of the Atmosphere, 1988-$40
5th International Conference on Interactive Information and Processing Systems for Meteorology, Oceanography and Hydrology, 1989-$40
3rd International Conference on the Aviation Weather System ,
1989-$40
6th Joint Conference on Applications of Air Pollution Meteorology
with APCA , 1989-$40
Symposium on the Role of Clouds in Atmospheric Chemistry and
Global Climate, 1989-$40
19th Conference on Agricultural and Forest Meteorology / 9th Conference on Biometeorology and Aerobiology , 1989-$40
6th Conference on Applied Climatology, 1989-$40
24th Conference on Radar Meteorology, l 989t-$50 (postage and
handling $5)
18th Conference on Hurricanes and Tropical Meteorology , 1989$40
4th Conference on Satellite Meteorology and Oceanography,
1989-$40
2nd International Conference on School and Popular Meteorological Education , l 989t
l 2th Conference on Weather Analysis and Forecasting , 1989$40.00
I Ith Conference on Probability and Statistics , 1989-$40.00

* Add
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3rd International Conference on Southern Hemisphere Meteorology
and Oceanography, 1989-$40.00
6th International Conference on Interactive Information & Processing Systems for Meteorology , Oceanography , and Hydro I- ·
ogy , 1990--$40. 00
Conference on Operational Precipitation, Estimation , & Prediction,
1990--$40. 00
Symposium on the First ISLSCP Field Experiment (FIFE), 1990-$40.00
Symposium on Global Change Systems /Special Session on Climate
Variations / Joint Session on Hydrology and Climate Variations,
1990--$40
9th Symposium on Turbulence & Diffusion, 1990--$40.00
4th Conference on Mesoscale Processes , 1990 -- $40.00
5th Conference on Mountain Meteorology, 1990 -- $40.00
7th Conference on Atmospheric Radiation , 1990 -- $40.00
Conference on Cloud Physics , 1990 -- $45.00
5th Conference on Satellite Meteorology , 1990 -- $40.00
l 6th Conference on Severe Local Storms , 1990 -- $40 .00
8th Conference on Hydrometeorology, 1990 -- $40.00
Conference on Atmospheric Electricity , 1990 -- $40.00

BIBLIOGRAPHIES ON OCEANOGRAPHY
Physical Oceanography of the Indian Ocean, 1965-0ut of Print
Collected Bibliographies on Physical Oceanography (1953-1964),
1966-0ut of Print
Marine Corrosion , 1967-0ut of Print
Marine Seismics , 1967-0ut of Print
Oceanography of the Tropical Atlantic , 1967-0ut of Print
Marine Atlases , 1968-$10
ABSTRACTS
Meteorological & Geoastrophysical Abstracts (Monthly)
Volumes 1-10 (1950-1959)-$50 / volume; $10 / issue complete
set, volumes 1-10, $200
Volumes 11-20 (1960-1969)-$100 / volume; $15 / issue complete set, volumes 11-20, $400
Volumes 21-30 (1970-1979)-$200 / volume ; $20/ issue complete set , volumes 21-30, $800
Volumes 31-33 (1980-1982)-$400 / volume; $40/ issue
Volumes 34-38 (1983-1987)-$450 / volume ; $50/ issue
Volumes 40-(1989)-$600 / volume; $50/ issue
INDEXES
Meteorological & . Geoastrophysical Abstracts (Annual Indexes)
Volumes 11-14--$50/ volume
Volumes 16-22-$50/ volume
Volumes 27-37-$150/ volume
Volumes 38-39-$200/ volume
Meteorological & Geophysical Abstracts (Cumulative
Indexes)
Volumes 1-10 (1950-1959), Author Index (A-K)
Volumes 1-10 (1950-1959) , Author Index (L-Z)
Volumes 1-10 (1950-1959) , Geographic-$200/ set
Volumes 21-26 (1970-1975) , Author Index-$200
Volumes 21-26 (1970-1975), Subject Index-$200
Journal of Physical Oceanography
Volumes 1-10 (1971-1980)-$10

The Blue Hill Meteorological Observatory:
The First 100 Years, 1885 - 1985
by John H. Conover
This account of the early developments in meteorological research brings to life the struggles of the young
pioneers - from the trials and tribulations in developing new instruments, to the difficulty in sampling the
atmosphere under challenging conditions - and adds to the already rich heritage of meteorological
literature. All the "firsts" are documented, allowing contemporary meteorologists the chance to experience
the traditions and practices that otherwise may have been lost. Photographs.

ISBN: 0-933876-89-0
514 pp.
$55/List - $35/AMS Members (plus $3 postage and handling)

June 1990

Name
Shipping Address
City, State, Zip

Thor's Legions: Weather Support to the U.S. Air Force and Army:
1937 -1987
by John F. Fuller

This book examines the roles and performances of the men and women of Air Weather
Service (AWS) in their support of U. S. Army and Air Force combat operations
throughout World War II, in Korea and Southeast Asia, as well as their notable
contributions to the field of meteorology. Illustrated.
ISBN: 0-933876-88-2
443 pp.
January 1990
$60/List - $40/ AMS Members (plus $3 postage & handling)

Yes, send me Thor's Legions !

Shipping Address _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ __
City/State/Zip_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ __

Send all prepaid orders to:

AMERICAN METEOROLOGICAL SOCIETY
45 Beacon Street Boston, MA 02108 (617) 227-2425

WEATHER SATELLITES: SYSTEMS, DATA, AND ENVIRONMENTAL
APPLICATIONS
edited by P. Krislina Rao, Susan J. Holmes, Ralph K. Anderson, Jay S. Winston,
and Paul E. Lehr
"The purpose of this book is to provide students and practitioners of atmospheric sciences with a
comprehensive overview of the field, and by recounting a history of applied satellite meteorology,
help them develop a perspective on the benefits to be derived from being able to observe Earth
from space."
-- from the Preface

Conceived by the Environmental Satellite, Data, and Information Services of NOAA to
commemorate the 25th anniversary of the launching of the first weather satellite, this book
provides a comprehensive survey of environmental remote-sensing applications that will be
useful to both college students and practicing scientists. Well illustrated and extensively
referenced, this text is a carefully integrated synthesis of the contributions of more than 100
scientists.
Sample Chapters:

0
0
0
0
0
0
0
0
0

Remote Sensing from Space
National Observing Capabilities
Satellite Sensors and Their Data
Central Data Processing and Distribution
Applications of Satellite Data in Meteorology
Applications of Satellite Data to Land and Ocean Sciences
Satellites and Climate Applications
Use of Weather Satellite Data in Agricultural Applications
Future Satellite Systems and Applications

April 1990
400 b&w and color illustrations

487 pages
ISBN 0-933876-87-4

List price $80 IAMS Members $60
Please add $5 postage and handling
Send prepaid orders to address below:
~-----------------------------------------------------------------------------------------------------------------------~

0 Yes, send me Weather Satellites, by Rao, et al.
Name
Shipping Address
City, State, Zip

0

Please check if you are an AMS Member.

AMERICAN METEOROLOGICAL SOCIETY
45 Beacon Street
Boston, MA 02108

Publications from the World Meteorological Organization
INTERNATIONAL CLOUD ATLAS, VOLUME II
This revised edition of the Cloud Atlas offers almost 200 photographs, over half in full
color, of every cloud formation classified by the international system of identification. A
WMO description accompanies each beautiful plate. An oversized format, fine
photographic reproduction, and lavish hardcover binding make the book a must for the
serious amateur as well as the seasoned professional. Volume II is available in both
French and English.
212 pages

1987
$78

ISBN: 92-63-12407-8
B&W and Coler

INTERNATIONAL CLOUD
ATLAS

MARINE CLOUD ALBUM

This abridged edition of the International
Cloud Atlas contains the essential material
required in the daily work of
meteorological observers at surface
stations. English language edition only.
Hard cover
62 pages
72 photographic plates
$47

Containing 38 color photographs of cloud
formations found at sea, this beautiful book
is a valuable resource for ships' officers and
other professional marine cloud observers.
Hard cover
ISBN: 92-63-10659-3
$20

CLOUD SHEET
This poster, printed on glossy paper, contains 38 full color cloud photographs
accompanied by WMO classification. Particular cloud photographs were selected to
assist marine observers, but the poster will be a colorful and fascinating addition to
home or classroom. Poster. $5
Send check or money order in US dollars to:
American Meteorological Society
45 Beacon Street
Boston, MA 02108
(617) 227- 2425
Please include $4 P&H per item

Shipping Address _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ __
City/State/Zip_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ __
Reside11ts of countries otlrer tlran tire U .S. and Canada should direct orders to WMO, P.O . Box 5, CH-1211 , Geneva 20, Switzerland

