THE UTILITY OF EXISTING R&D SATELLITE DATA

2002

SAT-31

TECHNICAL DOCUMENT
WMO/TD No 1141
.

-i-

TABLE OF CONTENTS
Page
PART I
EXECUTIVE SUMMARY ................................................................................................................ iii
AUSTRALIA .................................................................................................................................... 1
AUSTRIA ........................................................................................................................................ 8
CHILE ............................................................................................................................................. 9
CHINA .......................................................................................................................................... 14
CUBA............................................................................................................................................ 16
DENMARK .................................................................................................................................... 18
EUROPEAN CENTRE FOR MEDIUM-RANGE WEATHER FORECASTS (ECMWF) ................... 19
EGYPT ......................................................................................................................................... 24
FINLAND ...................................................................................................................................... 26
FRANCE ....................................................................................................................................... 27
GERMANY.................................................................................................................................... 28
HONG KONG, CHINA .................................................................................................................. 39
INDIA ............................................................................................................................................ 43
JAPAN .......................................................................................................................................... 49
MALI ............................................................................................................................................. 54
MOROCCO................................................................................................................................... 60
NETHERLANDS ........................................................................................................................... 62
NEW ZEALAND ............................................................................................................................ 67
NIGER, REPUBLIC OF ................................................................................................................. 68
PAKISTAN .................................................................................................................................... 69
PERU............................................................................................................................................ 71
RUSSIAN FEDERATION .............................................................................................................. 77
SENEGAL ..................................................................................................................................... 85
SINGAPORE ................................................................................................................................ 86
UNITED KINGDOM ...................................................................................................................... 87
UNITED STATES OF AMERICA ................................................................................................... 91
UZBEKISTAN, REPUBLIC OF ...................................................................................................... 97
PART II
METEOROLOGICAL SATELLITES AND WMO PROGRAMMES ................................................. 99
1.
INTRODUCTION ............................................................................................................. 99
1.1.
Some Capabilities ........................................................................................................... 99
1.1.1
Some Limitations ........................................................................................................... 100
1.1.2
The Global Perspective ................................................................................................. 101
1.1.3
Data Continuity.............................................................................................................. 102
1.2
Background Science ..................................................................................................... 102

- ii -

2.
2.2
2.3
2.4
2.5
2.6
2.7
2.8
2.9

OBSERVING THE ATMOSPHERE ............................................................................... 105
Temperature and Humidity ............................................................................................ 109
High Level Data............................................................................................................. 112
Atmospheric winds ........................................................................................................ 115
Precipitable Water ......................................................................................................... 118
Precipitation .................................................................................................................. 122
Atmospheric Chemistry ................................................................................................. 125
Volcanic Ash ................................................................................................................. 129
Dust, Smoke and Aerosols ............................................................................................ 133

3.
3.1
3.2
3.3
3.4
3.5
3.6

OBSERVING THE OCEAN SURFACE ......................................................................... 137
Sea Surface Temperatures ........................................................................................... 137
Regional Sea Surface Temperatures ............................................................................ 139
Ocean-surface winds..................................................................................................... 142
Ocean Ice...................................................................................................................... 145
Ocean Level and Waves ............................................................................................... 149
Ocean Surface Biology.................................................................................................. 153

4.
4.1
4.2
4.3
4.4
4.5

OBSERVING THE LAND SURFACE ............................................................................ 156
Land Surface Parameters.............................................................................................. 156
Floods ........................................................................................................................... 159
Forest Fires ................................................................................................................... 163
Vegetation Cover .......................................................................................................... 166
Drought and Crop Monitoring ........................................................................................ 170

5.
5.1
5.2
5.2.1
5.2.2
5.3
5.3.2
5.3.3

MONITORING THE CHANGING CLIMATE................................................................... 174
Climate Indicators ......................................................................................................... 174
Climate Radiation Parameters ....................................................................................... 176
Top of the Atmosphere .................................................................................................. 176
Surface Parameters ...................................................................................................... 179
Climate Statistics ........................................................................................................... 180
Global Precipitation ....................................................................................................... 181
Regional statistics ......................................................................................................... 181

6.
6.2
6.3
6.4
6.5

FORECASTING APPLICATIONS.................................................................................. 183
Numerical Weather Prediction ....................................................................................... 186
Monitoring Tropical Storms............................................................................................ 189
Products for Nowcasting ............................................................................................... 193
Tools for Nowcasting ..................................................................................................... 196

7.
7.1
7.2
7.3

CLIMATE APPLICATIONS ............................................................................................ 200
Verification of Climate Models ....................................................................................... 200
Ocean Climate Models .................................................................................................. 202
Monitoring El Niño ......................................................................................................... 206

8.
8.1
8.1.1
8.2
8.2.1
8.2.2
8.2.3
8.2.4
8.2.5
8.2.6
8.2.7

SUPPORT FUNCTIONS ............................................................................................... 209
Training ......................................................................................................................... 209
Virtual Laboratory for Satellite Data Utilization ............................................................... 212
Data Delivery................................................................................................................. 212
Analogue Imagery ......................................................................................................... 212
Digital Imagery .............................................................................................................. 212
Additional Broadcast Data ............................................................................................. 212
Data Collection .............................................................................................................. 213
Time for Change ........................................................................................................... 213
New Generation Systems .............................................................................................. 213
Longer Term Outlook .................................................................................................... 213

- iii -

EXECUTIVE SUMMARY
Background
Two recent and related activities have resulted in the preparation of an overarching review
of the use of satellite data and products by WMO Members. First was a review of the utility of data
and products from Research and Development satellite missions for operational purposes.
Second was the preparation of a new WMO technical document on the use of satellite data,
product and services from all types of satellites in the 2010s in all WMO Programmes. In the
process of preparing the new technical document, valuable reference was assembled. This WMO
Satellite Activities technical document is a compilation of both activities. It contains an extensive
overview of the breadth of usage of satellite data and products both for the present and future. It
should serve to highlight to WMO Members what can presently and should be available in the
future in the support of their mandates. Both activities occurred under the aegis of WMO’s
Executive Council Consultative Meetings on High-Level Policy on Satellite Matters.
The fifty-third session of the WMO Executive Council was of the opinion that R&D satellite
data and products were contributing greatly to WMO Programmes. The Council also agreed that it
would be important to clearly identify those satellite-related data streams which had proven to be
successful and of high value to WMO Programmes. The Council was convinced of the value in
articulating the positive impacts experienced by WMO Members in utilizing data from R&D satellite
missions. Feedback from the operational user community to the satellite agencies was identified
as crucial and pivotal in highlighting the potential value of R&D data. In order to maximize the
usefulness of R&D data, early involvement of the users was deemed essential. It was recognized
that one of the benefits from utilizing R&D satellite data would be a learning process for future
systems. Additionally, it would be necessary, where appropriate, to identify impacts on operations
within the NMHSs as well as to find where limitations of access to R&D data occurred.
Thus, the fifty-third Executive Council reaffirmed the need to develop persuasive
arguments related to the impacts of satellite data justified through feedback from the operational
user community. In doing so, it requested that a report be prepared that would be a synthesis of
input from the operational user communities on the utility of existing R&D data including persuasive
arguments related to their impacts from R&D satellite missions.
On 5 September 2001, the WMO Secretary-General wrote to all Permanent
Representatives seeking input as to the utility of R&D satellite data and products in NMHS
operations. The following is a synopsis of the reports received from WMO Members. The detailed
country responses follow in Part I of this technical document.
Synopsis of the utility of R&D satellite data and products by WMO Members
The responses on the utility of R&D satellite data and products covered the full spectrum
of WMO Regions as well as a good cross-section of developed and developing countries.
Countries from both the Northern and Southern Hemispheres, tropical, mid- and high-latitude as
well as those with coastlines and those landlocked responded. Most disciplines and application
areas including NWP, hydrology, climate, oceanography, agrometeorology, environmental
monitoring and detection and monitoring of natural disasters were included. Thus, the potential
user communities all had an input.
An indicator of the utility of R&D satellite data and products is the list of specific satellite
missions mentioned in the country reports as follows: ADEOS-II, Aqua, ERS-1, ERS-2, ENVISAT,
DMSP, GCOM, GIFTS, Jason-1, Okean, QuikScat, Terra, Topex/Poseidon, TRMM, SPOT and
more. While DMSP is not an R&D satellite, it is not considered part of the present space-based
Global Observing System but is mentioned continually in the country reports. The data from all of
these satellites are being used operationally.
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A second indicator is the breadth of WMO Programmes and associated application areas
supported by data and products from the R&D satellites. While not complete, the list includes
specific applications within the disciplines of agrometeorology, meteorology, hydrology, climate and
oceanography including: monitoring of ecological, sea-ice, snow cover, urban heat island, crop
yield, vegetation, flood, volcanic ash and other natural disasters; tropical cyclone forecasting; fire
areas; oceanic chlorophyll content; NWP; sea height; and CO2 exchange between the atmosphere
and ocean.
Another indicator is the impact that R&D satellite data and products have had when used
for operational purposes. Here, WMO Members’ comments provide both an overview as well as
specific insights and their accolades are shown in bold. It should be noted that the praises cover
almost the full gamut of applications as well the various R&D missions.
Comments with an overall viewpoint include the following statements. While most
NMHSs’ operations depend critically on data and products from operational satellite missions, R&D
systems have now become an integral part of some NMHSs’ operations. One Member notes that
the initiative of WMO to include data of R&D systems as early and as extensive as possible into
operational use is strongly supported. Satellite data are an indispensable element for development
of the Sahel countries. Altimeter data with orbital corrections have a large impact on highresolution, eddy-resolving ocean models and have provided a major quasi-operation contribution.
The extension of a major NWP centre’s forecasting system to an integrated Earth system
(encompassing atmosphere, ocean, ocean surface waves and land) able to monitor the
environment and natural hazards will only be possible with a synergistic exploitation of future
satellite systems provided by the R&D and operational space agencies.
Comments related to specific R&D missions include the following statements. The Total
Ozone Mapping Spectrometer (TOMS) provided critical image data that confirmed the existence of
the Antarctic ozone hole and TOMS equivalent capability will be continued with the flight Ozone
Mapping Instrument (OMI) on NASA’s Chemistry mission in 2002 and subsequently the Ozone
Mapping and Profiler Suite (OMPS) on NPOESS, being developed for flight on afternoon (1330
ascending) NPOESS platforms. Positive impact results from the use of SPOT’s HRV data for seaice and flood monitoring. All-weather observations from Okean’s RLS BO are of great importance
to make sea-ice observations for sea routes. QuikScat data enables WMO Members with oceanic
forecasting responsibilities to rapidly detect incorrect ship observations and is often the only source
of verification over coastal areas apart from land based METARS which usually do not show the
true wind speed at sea. ERS scatterometer data provided unprecedented spatially detailed and
accurate wind vector fields near the ocean surface. TRMM data allows better identification of the
center positions and the wind radii of tropical cyclones. An Observing System Experiment (OSE)
with QuikScat (SeaWinds) data showed remarkable positive impact over the southern hemisphere
and its derived wind vectors are equivalent to that observed by ships and buoys. In another NWP
OSE using total precipitable water from TRMM’s TMI, remarkable positive impact was achieved on
forecasted wind fields for 850 hPa and height fields for250 hPa over the tropics. Additionally, SST
analysis can be obtained even over cloud-covered areas with TRMM’s TMI and some ocean data
assimilation systems totally depend on the sea surface height observed by TOPEX/POSEIDON.
Experience gained in the last few years has demonstrated that data from R&D satellites can be
used operationally; a striking example is the use of ERS/SAR (Synthetic Aperture Radar) for the
monitoring of sea ice. Information difficult to detect with operational meteorological satellites, such
as monitoring in the large water basin is detected using Aqua’s MODIS.
Meteorological Satellites and WMO Programmes
In Part II, the pages in the section covering meteorological satellite and WMO
Programmes provides a clear overview of the relevance of meteorological satellites to all WMO
programmes in the first decades of the 21st century. Already, by the first years of that century, just
40 years after the launch of the first meteorological satellite in 1960, it would be hard to find any
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programme or project that does not use or depend on satellite data in one form or another. Uses
include training, operational meteorology, climate studies and models, agrometeorology and
oceanography.
The subject matter of the section is so wide that careful consideration had to be given to
its structure. One possibility would have been to organize the contents in terms of relevant WMO
programmes. However many programmes use the same kinds of data, so there would have been
a high degree of duplication, or the fragmentation of information between sections. The same
argument applies to a structure organized by discipline, for example separating meteorology from
oceanography. Furthermore, these disciplines are coming closer together because of the need to
consider the earth system as a whole. To avoid these difficulties, the main part of the section has
been structured in terms of the types of satellite observation that have already been found to be
feasible and useful. The observation types include those already measured by fully operational
meteorological satellite systems as well as by pre-operational, demonstration, or research
satellites. During the next decades these existing capabilities will be refined, improved and will
migrate from their demonstration and pre-operational phases into full operational use.
The observation types are grouped into sections concerned with observations of the
atmosphere, ocean surface, land surface, and climate monitoring. These sections are followed by
a few examples of the many applications that make extensive use of satellite data.

-1-

AUSTRALIA

1.

CURRENT R&D MISSIONS/SENSORS

For many years the Bureau of Meteorology in Australia has made extensive use of
satellite data from environmental and R&D satellites that complement the space-based component
of the GOS. While the mainstay of the Bureau’s operations depends critically on satellites such as
Japan’s GMS series and the USA NOAA polar orbiters by way of example, data from those
satellite are now complemented by the R&D systems which have now become an integral part of
the Bureau’s operations. The Bureau is planning to further expand its operational (and R&D) use
of R&D and environmental satellite data in future years. The impact of data from those satellites
has been positive and substantial. For example many of the data are used in operational
forecasting, particularly for tropical cyclones. Many data types are assimilated into NWP models.
The general areas of use are meteorology, hydrology, climate and oceanography.
1.1

Specific satellites/Instruments

The Bureau of Meteorology’s use of R&D satellite data encompasses mainly the systems
shown in the following table.
Satellite/sensor

Type of use

Application/activity

ERS-1, ERS-2

operations and R&D

Radar altimeter and wind scatterometer fast delivery
products: wind speed, wave height, wind direction.
Also ATSR Sea Surface Temperatures in R&D.
Main uses in forecasting operations and NWP data
assimilation

QuikScat

operations and R&D

Ocean surface wind vectors in near real time, NWP
data assimilation and forecasting operations for wind
and wave forecasts and tropical cyclones

DMSP SSM/I

operations and R&D

Main products are DMSP F-14 85 GHz, F-15 Rain
Rate imagery.
Applications:
brightness
temperature, rain rate estimation and tropical
cyclone forecasting operations

TRMM

operations and R&D

Tropical rainfall (e.g. rain rate) and tropical cyclone
forecasting operations

Topex/Poseidon

R&D, then operations

Ocean waves and sea level, with oceanographic
model assimilation studies

Aqua/AIRS

R&D then operations

Soundings especially for NWP assimilation

Terra/MODIS

R&D, then operations

Multichannel imagery,
volcanic ash etc

Jason

R&D

Altimetry/ocean modelling

cloud

detection,

SSTs,

Some specific examples of Bureau of Meteorology use of R&D satellite data are provided
below under various categories of satellite or instrument.
ERS-1,-2
Examples of Bureau of Meteorology use are provided below.

-2-

Average significant wave height (the two white lines shown to the right of the image) measured by
the ERS-2 Radar Altimeter, September 13 1997, 10am – 1pm GMT. Overlaid on WAM (operational
wave model) for midday on the same day.

Displayed are the winds calculated from the ERS scatterometer presented as wind barbs (in
knots). Barbs are colour coded according to the wind speed: 0 - black, 5 - blue, 10 - light blue, 15 cyan, 20 - aqua, 25 - green, 30 - lime green, 35 - yellow, 40 - orange, 45 - red, 50 or greater brown.
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ERS Scatterometer wind data of a storm off Tasmania (near SE Australian coast) during the
Sydney to Hobart Yacht Race, 27 December 1998. The wind data is overlaid on a GMS-5 image.
(GMS image processed by the Bureau of Meteorology and originally obtained with the
Geostationary Meteorological Satellite of JMA).
QuikSCAT

Winds calculated from the QuikScat scatterometer on 7 January 2002 for the ocean area off the
east coast of Australia, presented as wind barbs (in knots). Barbs are colour coded according to
the wind speed: 0 - black, 5 - blue, 10 - light blue, 15 - cyan, 20 - aqua, 25 - green, 30 - lime green,
35 - yellow, 40 - orange, 45 - red, 50 or greater - brown.
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SSM/I (DMSP)

Above: SSM/I rain rate estimates over Australia

SSM/I Rain Rate data used for monitoring Tropical Cyclone Sam off the northwest coast of
Australia , 8 Dec 2000, produced by NOAA/NESDIS.
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TRMM

TRMM rain rate estimate map over Australia for the month of November 2001 produced by BMRC

TMI surface rain data over Australia from the TRMM Orbit Viewer for November 2001.
example is courtesy of NOAA/NESDIS

This
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TRMM 85 GHz image over Australia and Asia for 24 September 2001 showing likely heavy
precipitation areas in dark purple.
1.3

Improvements realized by the operational system

Considerable operational improvements have been afforded via use of R&D satellite data,
for example in NWP modelling and particularly via use of scatterometer and altimeter data, plus
various passive microwave products.
2.

FUTURE R&D MISSIONS/SENSORS

The Bureau of Meteorology plans to make use of many future R&D and experimental
satellite systems which meet its ongoing and future requirements for satellite data. A growing
trend is for more and more satellite data to be assimilated into the Bureau's NWP systems to
complement conventional observations and improve model performance and accuracy. Also
greater use will be made of advanced sounders like AIRS and CrIS and hyperspectral instruments
which are expected to herald major improvements in monitoring the atmosphere and oceans.
2.1

Specific satellites/Instruments

Some examples of future (or very recently launched) R&D satellite systems of great
interest to the Bureau are tabulated below. These systems will complement other operational
future satellite systems of importance to the Bureau including Japan’s MTSAT series, China’s FY
series, USA’s GOES series, plus polar orbiters like FY-1 series, METOP, NPP and NPOESS.
Satellite/sensor

Type of use

Application/activity

ADEOS-II

R&D, then operations

ocean winds, passive microwave

ENVISAT (just launched)

R&D initially

ocean winds, SSTs

GCOM

R&D

climate studies

GIFTS

R&D, then operations

(for nowcasting, regional and global NWP);

GPM

R&D

global precipitation studies

CloudSAT

R&D

cloud characteristics via radar

CALIPSO

R&D

aerosol and cloud properties
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3.

POINTS OF CONTACT
(Dr) David Griersmith
Superintendent Satellite Activities
Satellite Section
Bureau of Meteorology
GPO Box 1289K
Melbourne
AUSTRALIA 3001
Tel:
(613) 9669 4594
Fax:
(613) 9669 4736 or 9669 4168
Email: d.griersmith@bom.gov.au
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AUSTRIA

1.

CURRENT R&D MISSIONS/SENSORS

1.1

Specific satellites/instruments

METEOSAT-7 (IR-, WV-, VIS channel) METEOSAT-6 (IR channel [Rapid scan]; NOAA
AVHRR (channels 3, 4),
1.2

1.3

Specific applications
-

Nowcasting applications (short-term forecasts or satellite imagery, precipitation;
automatic interpretation of satellite images;

-

General synoptic research;

-

Detection of errors in numerical weather prediction models;

-

Training applications (to researchers, operational weather forecasters).

Improvements realized by the operational system

Improvement of general forecasts and of (convective) precipitation forecasts. Validation
of numerical forecasting models.
2.

FUTURE R&D MISSIONS/SENSORS

2.1

Specific satellites/instruments
Satellites of EUMETSAT’s MSG and EPS series.

2.2

3.

Specific applications
-

Current applications to be continued and improved;

-

Hydrological applications (soil moisture from ACSAT data);

-

Short-term forecasting of fog.

POINTS OF CONTACT
Dr Veronika-Zwatz-Meise
Central Institute for Meteorology and Geodynamics
Hohe Warte 38
A-1190 Vienna
Austria
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CHILE

1

CURRENT R&D MISSIONS/SENSORS

1.1

Satellites and specific instruments

NOAA-12-14-15 and GOES-8-10 satellites are used and HRPT and TOVS antennae are
specifically used for NOAA satellites and GVAR antennae for GOES satellites. Information is
integrated with data from WAFS and the WMO communications system via an Integrated Satellite
Network (Red Integrada Satélital) (RIS) which is available at the national level (see Annex 1).
Furthermore, the GOES-8 satellite is used for receiving data from 29 Data Collection Platforms
(DCP) located throughout the country (see the Annex).
1.2

Specific applications

The RIS is mainly used for a conventional synoptic analysis which is subsequently used to
produce aeronautical, agricultural and special forecasts, as well as those for the general public.
The analysis includes the following:







Determining cloud cover and type;
Cloud top height;
Cloud top temperature ;
Sea surface temperature;
Determining fog or stratus at night using IR channels;
Wind and temperature profiles (TOVS).

The important synoptic and mesoscale aspects determined include the following:










The location of frontal systems;
Centres of high and low pressure;
Upper level ridges and troughs;
Mesoscale cloud systems;
Lower level coastal fog and cloud;
Mountain waves;
Mesoscales eddies;
Extra-tropical cyclones;
Jet streams.

DCP data is gathered at a receiving station located in Santiago and is later incorporated
into the collection of data available for synoptic analysis.
1.3

Improvements realized by the operating system

Since May 2002, DCP data has been decoded and entered into the MM5 Modelling
System, along with surface level synoptic data.
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2.

CURRENT PROJECTS

2.1

Specific satellites/Instruments
Integrated Satellite Network (RIS)

Owing to the lack of financial resources, it is difficult to conduct research into, or develop,
applications in this specific area. Consequently, there are no current projects of great importance
relating to the RIS. However, there is a joint scientific project between the Directorate of
Meteorology of Chile and the Department of Geophysics of the University of Chile. The aim of the
project is to carry out research into the processes determining the formation of stratocumulus in the
south-eastern Pacific. As part of this project, entitled CIMAR (Crucero de Investigación Marine Marine Research Cruise), the storage and processing of NOAA HRPT satellite images for research
purposes is being studied.
In a preliminary phase, a feasibility study is being conducted on inputting TOVS data in
the MM5 Modelling System. It is hoped that this data, along with surface data (synoptic and DCP)
can be integrated using Four-Dimensional Data Assimilation (FDDA).
3.

CONTACTS

CIMAR Project:
Juan Quintana A.
Meteorologist
Directorate of Meteorology of Chile
Casilla 63 Agencia de Correos Ap. Internacional
Santiago de Chile
E-mail: metapli@meteochile.cl
Data Collection Platforms and their use in MM5:
Ricardo Alcafuz Q.
Meteorologist
Directorate of Meteorology of Chile
Casilla 63 Agencia de Correos Ap. Internacional
Santiago de Chile
E-mail: ricardo@meteochile.cl
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Annex
DESCRIPTION OF THE SYSTEMS
1.

Integrated Satellite System (RIS)

This is basically a network with star topology and composed of Sun Ultra equipment,
which uses TCP/IP communication protocols. Each set of Sun Ultra equipment (or workstation)
has a specific host name 'Master-x', wherein x is a number assigned to each set of equipment
according to the order and organization of the network.
In Santiago, all workstations are connected via a high-speed network (100-base T) which
enables data to be transmitted quickly and efficiently.
The LAN in Santiago comprises the following: two systems for capturing satellite images,
one for GOES GVAR and the other for NOAA HRPT; four workstations with specific WSI software
(WSI workstations) for receiving, displaying and integrating data from WAFS, the WMO
communications system, the AFTN local network and satellite images; a workstation that operates
as a briefing terminal; and a workstation that operates as a network server and coordinates the
flow of data to the regions.
One of the WSI workstations directly receives data from WAFS, the WMO
communications system and satellite images from the previously mentioned GOES GVAR and
NOAA HRPT systems. This WSI workstation also stores the database shared by all the other local
and regional stations.
As regards the software used by the network, three basic packages can be defined:


Terascan 3.0 for receiving, processing, displaying and analysing satellite images;



WSI 2.3 for receiving, processing, displaying, analysing, integrating and
disseminating, via the network, data received from WAFS, the WMO communications
system, the AFTN local network and satellite image receivers.

The above-mentioned programmes are based on the Sun Solaris 2.5.1 operating system.
The following table summarizes the system on a national scale:
Table 1
Host name

Location

Antenna

Function

Software used

Master-13

Santiago

Not used

Workstation for meteorological
analysis

WSI 2.3

Master-14

Santiago

Not used

Workstation for meteorological
analysis

WSI 2.3

Master-15

Santiago

Not used

Workstation for meteorological
analysis

WSI 2.3

Master-16

Santiago

Not used

Server for inputting WAFS and WMO
data

WSI 2.3

Master-17

Santiago

Not used

WSI workstation for AMB program
briefing

WSI 2.3

Master-18

Santiago

Not used

Network server for the regions

WSI 2.3

Master-19

Santiago

NOAA 1.2m

Workstation for capturing NOAA

Terascan 3.0

- 12 Host name

Location

Antenna

Function

Software used

HRPT images
Master-20

Santiago

GOES 3.8m

Workstation for capturing GOES
GVAR images

Terascan 3.0

Master-21

Antofagasta

GOES 3.8m

Workstation
for
meteorological
analysis and capturing GOES GVAR
images

Terascan 3.0, WSI 2.3

Master-22

Puerto Montt

GOES 3.8m

Workstation
for
meteorological
analysis and capturing GOES GVAR
images

Terascan 3.0, WSI 2.3

Master-23

Punta Arenas

NOAA 1.2m

Workstation
for
meteorological
analysis and capturing GOES GVAR
images

Terascan 3.0, WSI 2.3

Master-24

Antártica

NOAA 1.2m

Workstation
for
meteorological
analysis and capturing GOES GVAR
images

Terascan 3.0, WSI 2.3

Master-25

Isla de Pascula

GOES 3.8m

Workstation
for
meteorological
analysis and capturing GOES GVAR
images

Terascan 3.0, WSI 2.3

The following table shows a summary of the equipment for receiving satellite images
belonging to the RIS.
Table 2
Station

Telemetry

Latitude
south

Longitude
west

Altitude
(metres)

Region

Antofagasta

GVAR

23 2

70 28

12

North

Santiago

HRPT-GVAR

33 2

70 47

51

Central

Puerto Montt

GVAR

41 2

73 06

13

South

Punta Arenas

HRPT

53 0

70 51

6

Southern

Antarctic

HRPT

62 1

58 59

9

Isla de Pascua

GVAR

27 1

109 26

4

Pacific

There are 29 Data Collection Platforms located throughout Chile which transmit data on
an hourly basis. The data is stored at a receiving station situated in Santiago, where it is available
for immediate use. The variables measured by the platforms are the following:









Wind speed and direction;
Temperature;
Pressure (QFF, QFE, QNH);
Maximum temperatures;
Minimum temperatures;
Radiation;
Sunshine hours;
Relative humidity.
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The following table shows the location of the Data Collection Platforms situated
throughout Chile:
Table 3
Station

Latitude south

Longitude west

Altitude (metres)

Camiña

19 18 761

69 25 66

241

Pica

20 29 267

69 18 94

132

Toconao

23 11 155

68 00 34

263

Taltal

25 24 349

69 58 71

155

El Salvador

26 18 812

69 45 04

160

Copiapó

27 17 993

70 24 83

29

Huasco

28 27 739

71 13 50

2

Vallenar

28 35 670

70 45 31

52

Ovalle

30 33 781

71 10 70

33

Los Vilos

31 53 308

71 28 92

6

Los Libertadores

32 50 718

70 07 13

305

Tobalaba

33 27 358

70 32 82

Santo Domingo

33 39 210

71 36 98

74

Navidad

33 57 267

71 49 83

10

Rancagua

34 10 091

70 46 20

42

Pichilemu

34 23 079

71 58 70

4

Curicó

34 57 988

71 12 98

22

Punta Carranza

35 33 688

72 37 02

3

Chillán

36 35 315

72 02 25

14

Las Trancas

36 54 727

71 28 66

125

Los Angeles

37 24 236

72 25 23

11

Lebu

37 39 265

73 37 55

15

Pucón

39 20 966

71 42 24

22

Valdivia

39 39 142

73 04 74

1

Lago Ranco

40 18 536

72 41 43

7

Osorno

49 36 408

73 03 51

6

Castro

42 29 355

73 46 32

40

Puerto Aysén

45 24 038

72 40 53

1

Villa O’Higgins

48 28 244

72 33 65

27
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CHINA

1.

CURRENT R&D MISSIONS/SENSORS

1.1

Specific satellites/Instruments
FY-1A satellite

FY-1A satellite was successfully launched on 7 September 1988. On the same day, the
visible and near infrared channel data were received. There were 5 AVHRR channels as
described in the table below:

Channel

Wavelength

Spectrum

Resolution

CH.1

0.58-0.68 µm

Visible

1.1 km

CH.2

0.725-1.1 µm

Near infrared

1.1 km

CH.3

0.48-0.53 µm

Visible

1.1 km

CH.4

0.53-0.58 µm

Visible

1.1 km

CH.5

10.58-12.5 µm

Mid-infrared

1.1 km

FY-1B satellite
The channel wavelength of FY-1B is the same as FY-1A. The satellite worked for one
year and four months. It derived a lot of high quality image data with 1 km resolution over China
and East Asia and global data with 4 km resolution.
Note:

The two satellites, FY-1A, FY-1B are not now in use.
EOS satellite

Compared with polar orbiting meteorological satellites, the ESO satellite has a much
stronger monitoring capability due to two main reasons. One is that the satellite has many more
channels that can be used for various kinds of monitoring. The other reason lies in its higher
resolution in many channels. For example, the resolution of CH1 and CH2 (wavelengths are 0.620.67 µm and 0.841-0.876 µm) of EOS/MODIS is 250 metres, so it has the obvious advantage in
land surface and environmental monitoring.
1.2

Specific applications
FY-1A satellite

The satellite worked (data broadcast) for 39 days and received a series of cloud and
surface images, including the desert in the western part of China and the Tibetan Plateau. The
quality of the image was good and the position was accurate. The data could be used for
monitoring vegetation growth, flood, snow coverage, sea ice, and distribution of river mouth suit,
etc.
FY-1B satellite
The data application of the FY-1B satellite is the same as FY-1A. During the period of
severe floods in 1991, the National Satellite Meteorological Centre used FY-1B data to obtain a lot
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of information about floods, flood range and vegetation growth. The information was reported to
the State Council and Departments of Flood Control in a timely fashion. Other products based on
FY-1B processed data including vegetation index image, snow coverage, sea ice, distribution of
sea surface temperature and sea sand, etc. We used these products to estimate the crops,
monitor snow disasters, look for fishing sites, guarantee the production of sea oil and build
harbours, etc. Based on the products, images of snow coverage over the Jianghuai area and sea
ice monitoring of the Bohai Sea were sent to the related Departments and received a good result.
EOS satellite
In the preliminary applications of EOS/MODIS satellite, with the CH1 and CH2
(wavelengths are 0.62-0.67 µm and 0.841-0.876 µm respectively, with a resolution of 250 metres),
we have found that some information which is hard to obtain in polar orbiting meteorological
satellite images, can be clearly detected. EOS/MODIS has shown its strong monitoring capability
in the following aspects
(1)

Richer details of water body
In the regimen monitoring of the Changjiang Basin, tributaries which hard to be
detected in the NOAA satellite images can be clearly seen.

(2)

Desert water body detection
With EOS/MODIS images, many water bodies with the coverage of tens of hectares
in the western part of China can be observed. While in meteorological satellite
images the information is usually treated as noise.

(3)

Sea ice monitoring
The difference between water and ice is very distinctive in winter images over the
northern part of the Bohai Bay. These images can be used for navigation.

(4)

Sleet and ice monitoring over the Yellow River
In early spring, the riverbed of the Yellow River is easily blocked with sleet and ice.
To monitor the ice condition over the mid-low basins of the Yellow River,
EOS/MODIS images are used. The Water Conservancy Department is very
interested in such images as they can provide a detailed distribution of ice.

(5)

Calculation of the coverage of burned area
EOS/MODIS images can also provide a more accurate calculation on the estimation
of burned area compared to meteorological satellites.

(6)

Snow coverage monitoring
With EOS/MODIS image, snow coverage, city and highway, etc., can be seen more
clearly. The applications of other channels of EOS/MODIS are under development.

3.

POINTS OF CONTACT
Questions can be addressed through the following email:
Chengwl@nsmc.gov.cn or webmaster@nsmc.gov.cn
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CUBA

1.

CURRENT R&D MISSIONS/SENSORS

1.1

Specific satellites/Instruments

The Institute of Hydrometeorology has used satellite imagery continually since 23 March
1969, when the first image was received. During this period of just over three decades, we have
received regular information (images) from the different types of operational North-American
satellites: TOS (TIROS Operational System), ITOS (Improved TIROS Operational System),
TIROS-N (Television and Infrared Operational Satellite) and have continued to work with NOAA 15
and 16 (National Oceanic and Atmospheric Administration) and ATS (Applications Technology
Satellite) geostationary satellites, SMS (Synchronous Meteorological Satellite) and GOES
(Geostationary Operational Environmental Satellite) and the Russian Meteor series satellites and
received information from METEOSAT (Europe) when it was operational over the Atlantic.
It is interesting to note that satellite images have become an indispensable tool for
implementing a wide range of services, related mainly to weather and sea forecasting, but also
extended to agrometeorology and other branches, such as analysis and prediction of tropical
cyclones, cold fronts and severe weather conditions, the monitoring of risks and compilation of
reports on the condition of the environment, information on chlorophyll levels and sea surface
temperature for fishing purposes.
Likewise, this information has enabled a wide range of research to be carried out and
more knowledge to be obtained of a large number of synoptic and mesoscale meteorological
systems as well as sea systems and processes. This information has also enabled research to be
carried out, on a smaller scale, in the fields of agriculture, forestry and the environment, which we
hope to promote considerably through research projects.
1.2

Specific applications
The main lines of investigation based on satellite reports include:
Structure of tropical cyclones (wave model);
Integrated method for tropical cyclone forecasting;
Origin and evolution of tropical cyclones under the influence of cold fronts;
Forecasting the movement, wind and rain associated with a cold front;
Assessing the intensity of storms and severe local storms from GOES images;
Quantitatively assessing temperature, humidity and precipitable water in the atmosphere
(generating images for these parameters and simulating upper-air sounding);
The ultra-high frequency imaging of clouds (microwaves);
Monitoring urban heat islands;
Evaluating incident solar radiation (GOES imaging);
Relationship between dust clouds from the Sahara, cyclogenesis in the Atlantic and
drought in the Caribbean;
The spread of volcanic dust clouds;
Assessing maximum and minimum temperatures following a cold front;
Application of satellite imagery to the study of areas of intense rain;
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Thermal structure of the ocean surface (Caribbean Sea, Gulf of Mexico and the
neighbouring Atlantic);
Quantitatively assessing the chlorophyll content of the ocean surface (Nimbus and GOES
images) and use of the latter in collection tasks;
Application of satellite images in the monitoring and development of forest fires;
Application of NDVI in the study plant cover in the Republic of Cuba and its relationship
with drought and the possible presence of ENSO.
As can be seen, satellite images play a very important role in our research and services,
which have been expanded through the acquisition of new technologies.
Satellite information has played a predominant role in national research and services,
however we are unable to say the same of other data sources, from which our country has been
denied access by the overwhelming majority of countries forming the international meteorological
community, thus significantly restricting national research, services and development.
We refer to information from the remote sounder TOVS (TIROS Operational Vertical
Sounder), AMSU-A, AMSU-B (Advanced Microwave Sounding Unit), data receiving systems,
information from active and passive microwave sensors such as the PR (precipitation radar) and
the TM 1 (TRMM Microwave Images) on the TRMM (Tropical Rainfall Measuring Mission), and
also colour oceanic data from the CZCS (COSTAL Zone Colour Scanner) on NIMBUS-7, Sea WiFs
(Wide-Field-of-View sensor), inter alia, and wind vectors on the sea surface and wave fields.
In general, we have not had access to the above information or there have been such
great restrictions that it has been prohibitive for us, while this is of vital importance for weather
forecasting, climatology, marine meteorology and hydrology.
Among the restrictions, we could cite the further training of satellite specialists, since
courses given by WMO and other regional bodies are infrequent, while this is a field characterised
by very fast development.
We recommend that:
(1)

The transfer of this information to lesser-developed countries be insisted upon, since
this is generally requested by highly developed countries;

The schedule of seminars for staff training and development in this field be revised;
Programmes be developed for small satellites, which, despite their low cost, are not affordable for
many countries. These programmes could be carried out by a group of countries, such as
the Caribbean area, without great difficulty. This would be of vital importance for WMO
(weather observations and research), NMHSs and the development of research in these
countries.
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DENMARK

1.

CURRENT R&D MISSIONS/SENSORS

1.1

Specific satellites/Instruments
Data from Ørsted, GPS/MET and QuikScat have been used for various applications.

1.2

Specific applications

Space based occultation measurements from Ørsted and GPS/MET have the advantage
of a global distribution which, with a sufficient number of measurements, are expected to improve
numerical weather predictions and Climate Monitoring.
Further, our Ice Charting and Remote Sensing Division has been using ERS-2 AMI and
QUIKSAT Seawinds data in relation with operational mapping of sea ice around Greenland, as well
as for ice type classification development.
1.3

Improvements realized by the operational system

A prototype system processing all intermediate steps between the extraction of raw data
into international data formats orbit determination and derivation of atmospheric profiles of
pressure temperature and humidity has been developed. Although the GPS profiles are just a
small addition to the existing observing systems used by the HIRLAM OI, they are able to
contribute significantly to the analysis increments as shown by our results. The results from
CLIMAP show that the impact on forecasts is neutral, however, with significant daily variations.
This is despite the limitations in our approach: (1) error due to the selection of ECMWF analysis
and forecast as "truth'" in the calculation of error statistics needed for observational errors in the
analysis; 2) errors in representativeness due to the short period of available data. Thus, there is
hope that a significantly enhanced number of GPS RO data could contribute positively to the data
assimilation system.
2.

FUTURE R&D MISSIONS/SENSORS

2.1

Specific satellites/Instruments

In the near future we expect to use multi polarization ENVISAT ASAR data for ice
mapping in general, and CYROSAT data for ice thickness estimation.
Finally, near real time access to ADEOS-2 Seawinds as well as AMSR and AQUA/TERRA
AMSR/MODIS data has in the future will also be explored with a view to improving the sea ice
mapping and extraction of the relevant sea ice parameters.
3.

POINTS OF CONTACT
Martin Bjært Sørensen, mbs@dmi.dk
Henrik Steen Andersen, hsa@dmi.dk
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EUROPEAN CENTRE FOR MEDIUM-RANGE WEATHER FORECASTS (ECMWF)

1.

CURRENT R&D MISSIONS/SENSORS

Data from Research and Development (R&D) satellite missions have been important at
ECMWF for validation, monitoring, preparation for use of data from operational missions, and for
operational assimilation.
Data from R&D satellite missions have been crucial in research leading to better
characterization of features of the model, and in developing new methodologies in anticipation of
assimilation of data from future operational instruments. They have also contributed significantly to
improving the operational NWP assimilation system. Close collaboration with the different space
agencies has given ECMWF efficient and rapid access to the R&D data.
The data producers have benefited from quick feedback; these CAL/VAL exercises have
been clearly beneficial to both the producers and the user community.
A full list of usage and benefits of the R&D satellite data would be extensive. Here, the
usage of these data at the Centre are examined in three main, and in parts overlapping,
categories.
1.1

Specific satellites/Instruments
Model and instrument validation

Satellite data from R&D agencies have been used to address a particular aspect of the
ECMWF model, or to assess the quality of data from operational satellite independently.
HALOE and UARS
The HALogen Occultation Experiment (HALOE) instrument on board the Upper
Atmospheric Research Satellite (UARS) from NASA has proved very useful in assessing
independently the quality of the top channels of the AMSU-A instrument (on NOAA-15), at levels
where very few radiosondes are available. The cross-validation of the very valuable HALOE
instrument with the ECMWF model has led to AMSU top channel instrument data being introduced
in operations in 2000. UARS data had previously been extensively used at the Centre to validate
the stratospheric humidity representation of the model when the number of model levels was
increased in 1999.
ERBE, CERES and POLDER
The NASA Earth Radiation Budget Experiment (ERBE) satellite and the Clouds and
Earth’s Radiant Energy System (CERES) are being permanently used on recent or past
meteorological situations to validate and monitor the radiative budget of the model, specially in
case of major changes in the physical parametrisations. Occasionally, data from the CNES
POLarization and Directionality of the Earth’s Reflectance (POLDER) instrument (on board the
NASDA ADEOS satellite) have been used at ECMWF to validate different aspects of the shortwave radiation scheme.
TOMS and ENVISAT
The ozone fields of the ECMWF model have been monitored and more recently analysed
in the Centre retrospective 40-year reanalysis (ERA-40) through an extensive usage of the Total
Ozone Mapping Spectrometer (TOMS) instrument onboard Earth Probe. This high-quality dataset
has been extremely useful in validating the ECMWF model total ozone content and in developing a
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comprehensive operational ozone data assimilation system. This system will be further improved
with the assimilation of data from ozone instruments on the next R&D ENVISAT satellite.
TRMM and GPM
Improvement of the water cycle in the model, especially tropical large-scale rainfall
patterns and their influence on the global circulation, are of great interest. The NASA Tropical
Rainfall Measuring Mission (TRMM) has provided a unique opportunity to study if the assimilation
of data from such instruments could improve our global analyses and forecasts. The assimilation
of derived rain rates from TRMM have been shown to improve the humidity analyses, reduced the
spin-down and improve the ability of the model to track tropical cyclones.
Figure 1 shows the modifications of model rain rates by the assimilation of TRMM data for
the case of hurricane Bonnie (26 August 1998). The intensity of the analysis rain rates is clearly
increased when the TRMM data are assimilated (bottom panel) and improves substantially over
the model first-guess (mid panel). This very successful research work is now being transferred to
an operational stage with the view of assimilating precipitation related quantities from operational
Special Sensor Microwave Imager (SSMI and SSMI/S) instruments from the current and future
DMSP series. The Centre’s expertise acquired with TRMM constitutes also a valuable preparation
for the next Global Precipitation Mission (GPM).
2.

FUTURE R&D MISSIONS/SENSORS

2.1

Specific satellites/Instruments
Preparation of future operational satellites

Many R&D satellite missions carry instruments that are similar to or a precursor to those
planned for long-term future missions. Data from those instruments are invaluable to ECMWF
when they can be assimilated operationally, and also for their value as a test-bed for the
preparation of other research or core missions.
AIRS and IASI
ECMWF currently puts many valuable resources in the preparation for the assimilation of
high-spectral-resolution data from the NASA Advanced InfraRed Sounder (AIRS) on board AQUA:


since ECMWF will be able to receive the data in near-real-time, it is expected that this
instrument per se will contribute to a substantial reduction of the errors of our
analyses, especially in baroclinic areas;



we will learn with such an instrument how to handle thousands of channels at a time;



ECMWF participation to the AIRS CAL/VAL exercise will allow for a permanent
feedback between the Centre and NASA;



it is expected that the experience gained from AIRS data will minimize any delays
between the launch of METOP and the successful assimilation of data from the
Infrared Atmospheric Sounding Interferometer (IASI).

- 21 -

2.3

Improvements realized by the operational system
Improvements to the operational NWP system

A spin-off benefit of accessing the R&D satellite data in near real time is the possibility to
assimilate them directly in the operational system once their characteristics have been sufficiently
understood.

Figure 1:

Modification of model rain rates by the 1D-Var assimilation of TRMM rain rate
products.
top panel: TRMM observations for Bonnie (at model grid scale 60 km).
mid panel: ECMWF rain rates (first-guess)
bottom panel: ECMWF rain rates (adjusted by assimilation)

One of the most impressive ECMWF experienced with R&D satellite instruments concerns
the ERS scatterometer data. The Centre, in fact, contributed substantially to the engineering
calibration of the ERS instruments. Since then, improved forecasts of tropical cyclones arising
from the combined use of ERS scatterometer data and four dimensional variational data
assimilation (4D-Var) have been very systematically identified. Figure 2 shows a tropical cyclone
near Reunion Island and Madagascar (cyclone Gemma, April 1998). The top panel shows the
first-guess MSL pressure and 10-metre wind fields. The bottom panel shows the analysis with the
ERS-2 data super-imposed. Use of the ERS-2 data moved the tropical cyclone by almost 500 km
to exactly the right location.
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Research experiments have also been conducted to examine the impact of the NASA
scatterometer NSCAT and its follow-on SeaWinds instrument aboard the currently operational
QUICKSCAT satellite, in the ECMWF 4DVAR system. Despite the contamination by rain of these
Ku band instruments and the subsequent need for a tighter quality control, the Centre has been
very successful with using these data. SeaWinds scatterometer data from QUICKSCAT and later
ADEOS-2 will be used operationally. As a fundamental by-product, it is clear that the enormous
amount of effort undertaken at the Centre to assimilate diverse scatterometer data sources will
reduce the delay for assimilating operationally the double-swath C-band ASCAT instrument on
METOP soon after launch.
The data from the ERS Synthetic Aperture Radar (SAR) and radar-altimeter have also
been used extensively at the Centre to improve the algorithms. Altimeter data from ERS are used
operationally in the Centre’s wave assimilation. A particular effort is being undertaken to monitor
and assimilate altimeter and Advanced SAR (ASAR) data from ENVISAT.
Conclusions
Many other illustrations of the importance of R&D satellite data for the development,
monitoring, validation and permanent improvement of the aspects of the Centre’s forecasting
system are available. In general, R&D satellite data reach the status of “operational” for the
Centre’s data assimilation system and have a direct impact on the quality of the centre’s
operational analyses and forecasts.
R&D satellites will continue to be a major component for the future developments
undertaken at the Centre. The extension of the ECMWF forecasting system to an integrated Earth
system (encompassing atmosphere, ocean, ocean surface waves and land) able to monitor the
environment and natural hazards will require an extensive validation of all its components. This
will only be possible with a synergistic exploitation of future satellite systems provided by the R&D
and operational space agencies.

Figure 2: Example of synergistic use of ERS-2 scatterometer data in the ECMWF 4D-Var system.
top panel: model mslp and surface wind from the first-guess; bottom panel: idem but from the
analysis. ERS-2 observed winds (red arrows) are superimposed.
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3.

POINTS OF CONTACT
Mr Jean-Noel Thepaut
ECMWF
Shinfield Park
READING
Berkshire RG2 9AX
U.K.
Tel: + 44 118 949 9621
Fax: + 44 118 986 9459
Email: jean-noel.thepaut@ecmwf.int
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EGYPT

1.

CURRENT R&D MISSIONS/SENSORS

The Centre for Remote Sensing of the Egyptian Meteorological Authority receives data
from two types of satellites: Geostationary satellites at an altitude of 36,000 km and orbiting
satellites at an altitude of 850 km transmitting meteorological data and images.
1.1

Specific satellites/instruments
The Centre receives data from METEOSAT through two different systems

1.2

Specific applications
Primary Data User Station (PDUS) system

This is one of the best systems for satellite-based cloud imagery. The images of various
clouds are received by three different radiation channels: infra-red, visible and water vapour
radiation. This is a high utility system in tracking and predicting various meteorological events,
especially those which are severe and last for relatively long periods. The second generation of
this system will be developed and upgraded. This will increase the utility of the data received from
it. The system is expected to play a more beneficial role in future numerical predictions covering
more days and providing higher accuracy.
Meteorological Data Distribution (MDD) system
This system receives meteorological information and outputs of world meteorological
centres. It is essential in the follow-up of the results of local numerical predictions and intercomparisons of individual weather conditions. Through this system all special observations
overlays a vital role in the study of local climate, agricultural meteorology, and other meteorological
applications.
Data from RETIM and SADIS are received through telecommunication satellites. The vital
role these play in aviation emphasizes the utility of geostationary meteorological and
communication satellites in transmitting meteorological data.
The Centre uses the High Resolution Picture Transmission (HRPT) system to receive,
twice a day, from the existing live American orbital satellites (NOAA), high resolution pictures of the
clouds, sea surface temperature, and vegetative cover of earth. The system also provides, on a
regular basis, data in numerical form which is intensively used in various mathematical models for
indispensable services. The presence of several satellites of this type play a vital role in
observations and the accurate study of meteorological events, as such events, particularly the rare,
short-term and short-lived ones, can be clearly observed through the system.
Thus reliance R&D satellite data is ever-increasing, as such data is instantly accessible.
2.

FUTURE R&D MISSIONS/SENSORS

We will upgrade the current systems of PDUS and MDD to receive from Meteosat Second
Generation (MSG) satellite to improve the products of these systems.
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3.

POINTS OF CONTACT
Meteorological Authority site: nwp.gov.eg
Emails:
Aliktb2003@yagoo.com
Khalidkotb@yahoo.com
Yasser_man@yahoo.com
Emad_Elsaid@yahoo.com

-

Mr Ali Kotb, Head of RSC
Mr Khalid Kotb
Mr Yasser Mansor
Mr Emad Elsaid
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FINLAND

1.

CURRENT R&D MISSIONS/SENSORS

The data from R&D satellite missions has been used entirely in research projects and
studies in the Finnish Meteorological Institute. The aim is to develop satellite products and
applications which could be also used, for instance, in operational forecasting. These research
activities are ongoing. The possibility to use data from R&D satellites in at least near real-time
fashion has also been limited until recently.
2.

FUTURE R&D MISSIONS/SENSORS

2.1

Specific satellite/Instruments

The Finnish Meteorological Institute will start operating a receiving station for EOS series
of satellites. The installation of the system is foreseen to be spring 2003. The data will be used
operationally in the weather forecasting. The focus in EOS Terra and Aura are on the data of
MODIS instrument and for EOS AURA the OMI ozone instrument.
The near real time products from ENVISAT will be also taken to operational use in due
course at FMI. The main interest is on GOMOS data, but also Sciamachy, AATSR and MERIS
data are of interest.
2.2

Specific applications

The first priority products from MODIS for FMI are cloud parameters, snow/ice and other
surface parameters like SST and LST. For EOS AURA the main interest will be on OMI data and
ozone products. These products are used both in forecasting office and assimilated to the
numerical weather prediction models.
ENVISAT data will be used for following the ozone and other atmospheric gases, for
aerosol detection and cloud physics.
3.

POINTS OF CONTACT
Mrs Pirkko Pylkkö, email pirkko.pylkko@fmi.fi
Mr Osmo Aulamo, email osmo.aulamo@fmi.fi
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FRANCE

1.

CURRENT R&D MISSIONS/SENSORS

Herewith are two contributions which highlight the advantages for WMO Members of the
use of research and development satellite data.
The first one relates to a flood prevention and prediction project using space technology,
PACTES, which was set up at the end of 2000 by the Ministry of Research as an initial project of
the "Earth and Space" network. It includes a short summary as well as a general interest article
presented during the second Francophone Information Systems and Natural Hazards Days, held in
December 2001. This article specifically mentions the usefulness of data from the ENVISAT,
SPOT 5 and Pleiades research satellites. [Copy available in the WMO Secretariat in French]
The second article gives a short presentation of the SAF (Satellite Application Facilities)
programme for the analysis of land areas. Météo-France is responsible for developing albedo and
short-wave surface radiation products, and coordinates the provision of an aerosol product for this
project, which is supported by EUMETSAT and is being implemented under the responsibility of
Portugal. This programme uses POLDER research satellite data. [Copy available in the WMO
Secretariat in French]
In its contribution to the report on the use of satellite technology in satellite meteorology
and hydrology, Météo-France recently provided the WMO Secretariat with some interesting
information on the usefulness of satellite data not only from operational satellites, but also from
research satellites. Kindly refer in particular to paragraphs 2.10 to 2.11, (Application of Satellite
Technology, Progress Report, 1999-2000, SAT-29, Technical Document, WMO/TD No. 1089)
which demonstrate the usefulness of data provided by the Topex/Poseidon and Jason 1 research
satellites in marine forecasting and oceanography.
As for the impact of satellite data on numeric forecasting, we may also refer to the
following reports:
World Weather Watch Technical Report No. 19, (Proceedings of the Second CGC/WMO
Workshop on the Impact of Various Observing Systems on Numerical Weather
Prediction), by Jean Pailleux and Horst Böttger. This report gives an overall, recent
picture of all the conventional and satellite observing systems;
Publications of the ITWG Group (International TOVS Working Group), which regularly take stock of
the use of "sounder" data for numeric models and other applications;
Annual Report on Numerical Weather Prediction (NWP). In its contribution to this report, MétéoFrance took stock of the use of data from operational satellites and, in part V, from research
satellites as well. In our next contribution we plan to report on the use of data measured by
the AIRS instrument in the AQUA satellite, due to be launched in 2002.
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GERMANY

1.

CURRENT R&D MISSIONS/SENSORS

1.1

Specific satellites/instruments
A. Deutscher Wetterdienst
Ozone Data for Forecasts of Ozone and UV Indices

The business unit ‘Human Meteorology’ of the DWD has the primary responsibility for
predictions of the UV index. Their quality of the forecasted UV indices depends under clear sky
conditions essentially on the quality of the predicted total ozone content and to a smaller degree on
vertical ozone profiles. The applied method is so far a statistical one. Measurements of the total
ozone content are required as input data for the forecasts of the total ozone content and, possibly,
of its vertical profile. These input data can only be based on satellite measurements, as far as the
total ozone content is concerned, in order to achieve best area coverage, i.e., for the areas of the
numerical weather prediction (NWP) models of the DWD, which are the high-resolution regional
LM (Local Model) and the global GME (Global Model_Europe). These measurements have to be
available in near real-time. For the initialisation of a forecast run at 00 UTC, ozone data are
required from about 12 UTC of the previous day. In addition, validated ozone measurements are
required for the verification of the ozone forecasts - at least area covering data as regards the total
ozone content.
At present, ozone data from the following satellite instruments are used:
-

NOAA-14 TOVS data, which are directly received and processed at the central
facilities of the DWD in Offenbach. The resolution of about 2 degrees latitude and
longitude is not the best. There are relatively often ‘missing data’, probably because
of the existence of clouds which makes a proper interpolation on the LM grid difficult.
The total ozone content data derived from TOVS remains to be urgently required for
back-up purposes in the case of unavailability of other ozone data;

-

TOMS data from ‘Earth Probe’, received by daily ftp-transfers from the Goddard
Space Flight Centre of NASA. The data from the previous day are available in about
90 percent of all days at 3:30 UTC in the morning of each day for a region which
covers the LM processing area. These data are primarily used for the statistical
forecasts of the total ozone content and the UV indices. Maximum precise data are
required for the verification of the forecasts. This means, the validated global data set
is called-up again after two days;

-

GOME data from ERS-2: The ‘German Remote Sensing Data Center’ (DFD) of the
German Aerospace Centre (DLR) provides GOME ozone data of the European area
specifically for the DWD. Observation data gaps, which are caused from the fact that
this instrument does not provide full area covering data sets, are filled by DLR/DFD by
means of a ‘harmonic analysis’. These data are however typically not yet available at
3:30 UTC when the operational forecast run is started. These data are however very
important for experimental forecasts and for the verification of data from other
sources;

-

The DWD will include a dynamical ozone forecast module in its global NWP model
(GME) during the first quarter of 2002. The required 3-dimensional initial field of
ozone concentration will be based on 12 hourly forecasts of the European Centre for
Medium Range Weather Forecasts (ECMWF). The ECMWF initialises the forecast
runs presently (status November 2001) without ozone measurements. However, a
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4-dimensional assimilation scheme for ozone date has however been developed in
the context of the European Union’s project SODA with participation of the ECMWF
and the NMHS’s of France and the Netherlands. A detailed description can be found
at: “A.B.M. Jeuken, H.J. Eskes, P.F.J. van Velthoven, H.M. Kelder, E.V. Holm (1999):
Assimilation of total ozone satellite measurements in a three-dimensional tracer
transport model. J.G.R 104:5551-5563”. The verification of the forecasts in October
and November 2001 over the area of the LM model indicated: the spatial distribution
of the forecasted UV fields was quite good, however, they had a considerable bias systematic significant deviations. It is assumed that the bias is caused by the
initialisation without observed ozone data. The quality of the ozone forecasts by
means of the GME model will depend considerably on the availability of high quality
ozone data for the initialisation process. This requires a timely and reliable provision
of the ECMWF with global satellite-based measurements of the atmospheric total
ozone content (e.g., from TOVS, possibly GOME or TOMS) together with
measurements of vertical ozone profiles;
A verification of the spatial distribution of the forecasted ozone fields based on validated
satellite-based ozone measurements continues to be indispensable. Because of pragmatic
reasons, such verifications should take place as topical as possible. The checking of the
forecasted vertical ozone profiles will be done by the Meteorological Observatory
Hohenpeissenberg of the DWD, which is a specialised ozone monitoring centre. The business unit
Human Meteorology of the DWD will perform the verification of the spatial distribution of the
forecasted total ozone content.
In conclusion we have to note that satellite-based ozone measurements are essential for
the ozone and UV index forecasts of the DWD.
B. Federal Maritime and Hydrographic Agency (BSH)
2.

Sea Ice Monitoring

Experience gained during the last years has demonstrated that data from R&D satellites
can be used operationally, too, if a convenient infrastructure is provided. A striking example is the
use of ERS/SAR (Synthetic Aperture Radar) for the monitoring of sea ice - one of the basic satellite
data applications of the Federal Maritime and Hydrographic Agency (BSH). A basic requirement
for the operational use of the data in its ‘Ice Service’ was of course the at least near real-time
availability of the data. This was provided from 1992 to 1995 by ESA via a communication
satellite, later by direct links to receiving and processing facilities.
Considering the long-year planning and development phases for new satellite systems
and the related enormous costs, it seems questionable whether the strict separation between
operational and R&D satellites - and the relevant organisations as e.g., EUMETSAT and ESA - will
still make sense in future.
There is merely a new sensor for earth observation, which after the commissioning phase
could not routinely be used for special fields of application. Therefore, it seems not to be justifiable
to use e.g., the Advanced Synthetic Aperture Radar (ASAR) on board of ENVISAT at best for the
“development in preparation for future operational use”. There are already many years of
experience and the necessary infrastructure within the international ice community and particularly
within the Ice Services for the operational use of the data.
Therefore, the initiative of WMO to include data of R&D systems as early and as extensive
as possible into operational use is strongly supported.
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ABSTRACT
Since several years, methods to derive topsoil moisture from active and passive radar
sensors on satellites are in development.
Its derivation from active C-band VV polarised ERS-SAR data was experimentally
investigated at a Northern Germany test site with a simple algorithm, yielding a linear relationship
between the standardised backscattering coefficient sigma zero () and the soil moisture for
periods with none or sparse vegetation. Due to systematic constraints and the repetitive cycle of
satellite observations of around 35 days, the use of satellite data has to be complemented by a
model in order to get time series with full temporal and spatial coverage.
The use of “experimental” satellite data can be either as input data or for purposes of
model development including improvement and validation.
Considering the applications for operational hydrological forecasting, both uses are highly
dependent on the costs and the possible benefits. The commercial prices for satellite data are
often not affordable when data for big areas like whole river catchments are needed.
Keywords:
1.

remote sensing, ERS, synthetic aperture radar (SAR), soil moisture, operational
hydrology

Rationale

In the hydrological runoff process, the topsoil moisture is a key element for the generation
of flood runoff besides the spatio-temporal distribution of the precipitation as key water input.
Extreme floods in river basins can result when rainfall or snowmelt are happening while the soil is
impervious due to saturation or freezing. Of course, other factors like the natural or artificial
retention (e.g., hollows, reservoirs, flood retention basins), travelling time in the watercourses, and
the interactions between sub-basins are also influencing the situation. Considering flood
management and the human response to flood situations, socio-economic factors will additionally
have to be considered (see e.g., PORTMANN 1998).
But, in contrary to the precipitation which is already measured in a spatially distributed
way on an operational basis with real-time or near-real-time access to the data, the soil moisture is
a parameter whose spatio-temporal distribution is still widely unknown for real-time operational
purposes. Most spatially distributed values are measured during special campaigns for limited
plots and limited time intervals. Values for larger scales are mostly modelled estimates which are
not derived from direct physical measurements. Satellite data can provide spatially distributed
physical measurements in support to best-guess estimates of soil moisture, also in combination
with models (see e.g., PAUWELS et al. 2001).
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The use of several sensors is possible, using the microwave bands (active or passive
sensors) gives the possibility of cloud-penetrating, more or less direct measurements (see e.g.,
ULABY et al 1982), while indirect estimates using the thermal infrared measurement have cloud.
Support is also possible from theoretical concepts on the spatio-temporal distribution of
soil moisture, e.g., saturation surfaces, some of which have been validated with field observations
(e.g., BLÖSCHL 1996, GÜNTNER et al 1999, SCHERRER & NAEF 2001).
2.

Example of soil moisture retrieval from ERS satellite data

Within the framework of the 2nd European Space Agency (ESA) ERS Announcement of
Opportunity, practical field work was done and Synthetic Aperture Radar (SAR) imagery data from
ERS 1 and ERS 2 satellites were acquired and processed with the aim to experimentally retrieve
topsoil moisture (PORTMANN & MENDEL 1997). Data covering a plot in flatland Northern Germany
including a couple of georeferenced ERS-SAR imagery scenes (“frames”) from April 1995 to
November 1996 were used. The standardised backscattering coefficient sigma zero () and soil
moisture values are presented in Table 1. For the assessment of these values, it is important to
know the theoretical background of remote sensing based on active microwaves:
The backscattering signal of the microwave band is essentially influenced by two factors:
(i)
Terrain properties (relief and surface properties) and soil structure (e.g., slope,
aspect, surface roughness, vegetation cover, soil type);
(ii)
The moisture in the topsoil layer (the soil’s overall dielectricity is dominated by the
dielectricity of water).
Of course, the scattering of the satellite signal also depends on its wavelength (see ULABY
et al 1982), in case of ERS-SAR it is 5.6 cm (C band) in VV (vertically emitted – vertically received)
polarisation.
The best relationships between the satellite-based  and ground-truth soil moisture are
achieved when the soil is free of vegetation cover. A linear relationship of  with the volumetric
soil moisture with the characteristics of the ERS-SAR can be established (CHANZY et al 1990).
COGNARD et al 1995 found similar relations for vegetation-covered areas.
Table 1
Mean volumetric soil moisture and standardised backscattering coefficient  at the Northern
Germany test site Mödlich

ERS-SAR scene
Orbit
Frame
19778
2529
21782
2529
22283
2529
22784
2529
24287
2529
24516
2529
24788
2529
25017
2529
25518
2529
8182
2529
8350
2529

Date
27/04/95
14/09/95
19/10/95
23/11/95
07/03/96
23/03/96
11/04/96
27/04/96
01/06/96
08/11/96
24/11/96

Backscattering coefficient [dB]
West
Central
East
- 8.92
- 3.38
- 4.37
- 9.18
- 8.68
- 7.20
- 2.64
- 1.89
- 1.90
- 2.75
- 4.38
- 2.89
-5.18
-5.98
-5.09
-5.81
-3.90
-4.32
-5.10
-4.16
-2.29
-6.83
-8.68
-6.39
-12.13
-10.27
-10.25
-11.46
-11.50
-9.09

Volumetric soil moisture [Vol.-%]
West
Central
East
27.5
30.8
31.9
30.0
17.2
19.9
22.5
31.6
32.1
26.8
37.4
38.4
38.1
34.6
26.3
28.0
24.7
24.2
24.2
31.2
29.5
29.2
27.4
31.3
26.2
25.5
31.0
29.7
35.4
32.8
34.2
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The test site is located in Germany at about 11°25’E and 53°05’N between the cities of
Wittenberge and Hamburg, within the former floodplain of the River Elbe around stream-kilometre
489. The mostly flat relief ranges from mostly 14 - 18 m elevation above mean sea level. The
agricultural plot chosen for the study is situated near the village of Mödlich north of the Elbe flood
protection dike and consists of three different plots of roughly 1.2 km side length all together,
named West, Central and East for this study (Figure 1). Sandy soils prevail, with additions of loam,
silt and partly clay lenses, following former fluvial deposition. For most of the time the Eastern and
Western plots were cultivated with the same crop at the same time, whereas the Central plot was
cultivated with a different crop.
The probing of soil moisture was done during periods of fallow or low vegetation when the
soil was not frozen, i.e., in spring and autumn, when appropriate satellite passes were present to
have appropriate conditions. The soil moisture reference values for the plots were determined as
the mean values of the gravimetric measurements of the plot. TDR (time-domain reflectometry)
probing was performed in addition in order to determine the spatial variance of soil moisture, the
results of which are not shown here. Only the gravimetric value of the top 10 cm soil moisture is
taken into account here. The respective  values for each of the plots were calculated as mean
values. For details and bibliographic references considering the methodology see PORTMANN &
MENDEL 1997.
Figure 2 shows the time series of the volumetric soil moisture and the backscattering
coefficient  for the test plot Mödlich-West. The backscattering coefficients have the same
tendency as the soil moisture measurements, while both show a strong variability during the
course of the observed years 1995/1996. A deviation occurs at the end of 1996.
In Figure 3, the respective relationship between soil moisture and  for all test plots is
shown, exhibiting the expected broad linear relationship. The deviations are marked by circular or
rectangular frames. They are considered outliers bound to specific acquisition conditions. A
couple of them are deviating systematically for a given date (I, II, III). For one acquisition, the
deviations might be at least partly influenced by calibration differences of ERS-1 and ERS-2
(case I). For another date, flooding of parts for the plots was present, obviously reducing the
backscattering by specular reflection (case II). For a third acquisition date, the origin of the
deviation is supposed to be an additive effect of several factors comprising partial flooding and
deep ploughing (case III). Some further reasons could be variations in texture conditions due to
vegetation, variations in ploughing, silting of soil.
Figure 4 shows the linear relationship between  in decibel and volumetric soil moisture
including measurements with minor deviating conditions as a bold line with a goodness of fit,
expressed as R², of 0.7, while the simple line shows the relationship including all measurements,
with a considerably reduced relationship. The relationship for the good conditions was established
to be Volumetric Soil Moisture[%] = 35.4 + 1.68* [dB].
3.

Conclusions considering the retrieval of soil moisture from ERS

The study undertaken at the Mödlich test site showed that inconveniences considering a
direct retrieval of the desired parameter (soil moisture) from satellite with C-band VV polarised
SAR data are present, even if a general relationship can be established at ideal conditions.
These inconveniences consist first of all in the fact that with the simple methodology
chosen, only more or less vegetation-free situations can be covered, while the vegetation period is
excluded. This could be overcome using an appropriate model simulating the reflective behaviour
of the possible vegetative cover and calculating the soil moisture. For dense vegetation, this is
nevertheless impossible as the C-band radar does not reach the ground. In this case, longer
wavelength (e.g., X-band) could penetrate the vegetation cover.
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As another inconvenience, the repetition cycle of 35 days of the ERS satellites is very low
with respect to changes of surface soil moisture which take place quicker than in monthly intervals.
As a consequence, the satellite data can currently only be used in support to a model yielding the
soil moisture between the dates of the satellite passes, not as the only time series information.
Furthermore, the geometric pixel resolution of 35 m together with the speckle feature of
radar imagery, showing the great inherent variability in the radar data, gives a fairly coarse picture.
This is overcome by the big plots used in the study.
Besides that, the surface conditions at the time of the satellite pass should be known in
order to exclude possible outliers. So, ground-based measurements cannot be fully replaced by
the satellite data.
4.
Recommendations with respect to the use of experimental satellites for operational
purposes
Some general remarks on the use of “experimental” satellites, i.e., non-meteorological
satellites, for operational purposes can be made before coming back to the example of soil
moisture from ERS-SAR
First of all, the character of operational data use implies the use on a regular basis for
daily duties or aims. Within that task, the data use can cover different time and space scales, i.e.,
a long repetitive cycle (e.g., digital elevation model, general land cover) or a short repetition time
(e.g., analysis of storm tracks within several hours), as well as be for a local or a bigger area of
interest (e.g. small city vs. whole river catchment).
The satellite data can be used in basically two ways for operational purposes:
-

As a source of input data for existing models to generate desired outputs;

-

As a source of information for model development, improvement, testing or validation.

Concerning the second kind of use, many satellite data already have been used and
probably will continue to be used for all kind of development related with models (development,
improvement, testing, validation of results). Main benefits include the better understanding of the
natural hydrological system, the testing of experimental design and possibly improvement of
models, as well as the validation of model results with independent data. This development
application is often supported by free or very cheap data sets when the model developer has only
to pay for manpower. A main consideration before starting an endeavour consuming own time and
money is as to which extent the experimental work could possibly improve the operation at a later
stage. This leads to the remarks concerning the first kind of use, the direct use of satellite data.
For the use as input data, the needs of the models in terms of spatial and temporal
coverage, but also data timeliness, should be met. Often, the direct data needs of hydrological
forecast models are not fulfilled by experimental satellites, as e.g., an repetition rate of 35 days and
non-continuous acquisition and processing clearly does not match calculation intervals of e.g.,
1 hour and real-time data use. Furthermore, the models are often installed for a long period of
operations. As the experimental satellites have mostly a shorter lifetime than the forecast models,
the provision of input data for a longer period has to be enabled. If this cannot be guaranteed,
which is the case with many satellites, at least the necessity to adapt the forecast system to future
input data from satellites has to be taken into account before investments into the developments of
the models are made. The costs of the data or of the data processing are also of key importance,
as e.g., the agencies concerned with hydrological forecasts mostly have only a “negative” budget,
i.e., they can help prevent damage, but do not get a revenue out of that positive service. Often,
they do not have big budgets, so the use of data often is also a question of a cost-benefit
relationship. In case of high prices for satellite imagery, together with the special expertise needed
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for the use of remote sensing data besides the special equipment needed for the direct acquisition
of remote sensing data when no other way of data transfer is possible or feasible, the use will be
probably reduced to a minimum, when no definite benefit is clearly visible. In case of flood
prevention, this aspect is extremely important, as for a continuous monitoring task, continuous flow
of data is necessary. When the satellite data flow is much more expensive than the flow of other
data, its cost will have to be justified by benefits of the data use. Cheap prices considering the
other costs e.g., for hardware (receiving station, high-speed computer etc.) or for data transfer can
provide a positive atmosphere for the use of satellite data. Most commercial prices of the imagery
seem to be far beyond the budget limitation of public agencies for real-time continuous use of full
data sets, especially for bigger catchments: e.g., one “precision image” scene of ERS-SAR in
Europe is currently available off-line for 1200 EURO (see www.eurimage.com).
Concerning the soil moisture retrieval from ERS-SAR data, the application of the
“experimental” satellite data in the above-mentioned study was mainly for development purposes.
It showed that further work has to be invested and a full-descriptive surface model has to be
applied in order to generate continuous information for larger areas like catchments or river basins
rather than the somewhat arbitrary “here and there” information. Deeper penetrating wavelengths
could help to obtain better estimates for vegetated areas.
Considering a possible operational use of the ERS-SAR data for soil moisture monitoring,
the commercial prices of the data are important. Considering the above cited price, the
commercial costs of the data needed to cover e.g., the River Rhine basin (roughly 185 000 km²)
only at roughly monthly intervals with ERS-SAR scenes (100 km * 100 km) for operational
forecasts would exceed the financial possibilities of hydrological services like e.g., the Federal
Institute of Hydrology (BfG). At the same time still more important real-time data like current and
forecast precipitation has to be acquired or at least organised. Besides, this precipitation
information is free in Germany for the purpose of operational forecasts. Nevertheless, probably
only very cheap or free-of-charge data will be included in operational applications of hydrological
services, given the tough cost-benefit relationship that has to be applied.
5.
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Figure 1:

Figures

Detailed view of test site Mödlich (11°25’E and 53°05’N) with sub-plots West, Central, and East.
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Figure 2:

Time series of standardised backscattering coefficient  and volumetric soil moisture for MödlichWest.

Figure 3:

Scattergram of relationship between mean volumetric soil moisture and  with deviations
(encircled).
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Figure 4: Linear regressions of relationship between mean volumetric soil moisture and .
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HONG KONG, CHINA

1.

CURRENT R&D MISSIONS/SENSORS

1.1

Specific satellites/Instruments:

1.2

(a)

SeaWinds scatterometer onboard the QuikSCAT satellite;

(b)

Precipitation Radar (PR) onboard the Tropical Rainfall Measurement Mission
(TRMM) satellite;

(c)

Sea-viewing Wide Field-of-view Sensor (SeaWiFS) onboard the SeaStar satellite.

Specific applications
(a)

SeaWinds scatterometer onboard the QuikSCAT satellite

Ocean surface wind information derived from the SeaWinds scatterometer onboard the
QuikSCAT satellite are used for determining the centre of tropical cyclones and to monitor the
occurrence of high winds associated with the monsoons. Algorithms for automatic identification of
cyclonic centres and maximum winds for user-specified area have been developed. An
operational product is shown in Figure 1.
Impact studies were also carried out on the assimilation of QuikSCAT sea-surface wind
data into numerical models for a number of tropical cyclone cases in 2001. An example case of
tropical cyclone Utor (0104) crossing the South China Sea is given in Figure 2.
(b)

PR onboard TRMM satellite

A joint project with the Chinese Academy of Meteorological Sciences (CAMS) was carried
out to compare PR data from the TRMM satellite with data from an S-band, ground-based radar in
Hong Kong. The case of passage of Typhoon Sam near Hong Kong on 23 August 1999 was
studied. The near-surface reflectivity data of PR corrected for attenuation (Figure 3a) were
compared with those of the ground-based radar at the lowest available elevation of 1 km
(Figure 3b). Results indicate good correlation between PR data and ground-based radar data.
(c)

SeaWiFS onboard SeaStar satellite

Algae blooms, some of which are harmful, occasionally occur in the coastal waters of
Hong Kong. Studies have been carrying out using SeaWiFS images to help understand the status
of selected toxic pollutants, sediment, phytoplankton and nutrient levels around coastal waters.
1.3

Improvements realized by the operational system
(a)

SeaWinds scatterometer onboard the QuikSCAT satellite

Real-time SeaWinds scatterometer data now from the Internet provides useful information
as to the location of tropical cyclones as well as wind strength over the data sparse ocean.
Moreover, the inclusion of QuikSCAT data in numerical models in general has produced a more
realistic distribution of high winds in the model analysis.
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(b)

PR onboard TRMM satellite

Not yet realized. If PR data is available in real-time, say from the Internet, it will provide
very valuable information on the location of tropical cyclones and their associated rainfall
distribution, especially for storms that are outside the range of ground-based radar.
(c)

SeaWiFS onboard SeaStar satellite

Further studies will be made on the potential of SeaWiFS providing guidance in monitoring
the status and development of algae blooms around Hong Kong waters.
2.

FUTURE R&D MISSIONS/SENSORS

2.1

Specific satellites/Instruments

2.2

(a)

Moderate Resolution Imaging Spectroradiometer (MODIS) onboard the Earth
Observing System (EOS) satellites;

(b)

Dual-frequency precipitation radar onboard the primary satellite of the Global
Precipitation Measurement (GPM) mission

Specific applications
(a)

MODIS onboard EOS satellites

Direct reception of MODIS data from the existing Terra and Aqua satellites as well as
future EOS satellites, or receipt of MODIS data and products in real-time from the Internet, will
benefit various applications including meteorology and oceanography.
For instance, as MODIS has more spectral bands at a higher resolution compared with
the NOAA meteorological satellites, this will provide forecasters with the finer details of cloud
structure, resulting in benefits ranging from better location of tropical cyclones to better monitoring
of smaller features such as meso-scale storms.
Also, the ocean colour channels are expected to aid understanding of the status and
development of algae blooms around coastal waters.
(b)

Dual-frequency precipitation radar onboard GPM satellite

GPM, being the follow-on and expanded mission of TRMM, will provide essential data
such as global precipitation data and radar images on a regular basis. The availability of these
data in real-time, say through the Internet, will be useful for weather monitoring, numerical
modelling as well as climate research studies.
3.
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Figures

Figure 1

Analysed QuikSCAT wind data with display of possible cyclonic centres
and maximum wind speed.
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(a)

(b)

Figure 2 Surface wind analysis for 12 UTC 5 July 2001: (a) without QuikSCAT and (b) with
QuikSCAT. Model resolution is 30 km. Isotach contours of 11.5 m/s (strong wind) and
17.5 m/s (gale) are highlighted in bold black and red colours respectively. Note the
higher winds in the north-western quadrant in (b), consistent with surface reports and
the onset of gales in Hong Kong (near 22 N, 114 E). Six-hourly best track positions
of Utor analysed by the Hong Kong Observatory are marked in small dots along the
solid line, with dated circles denoting the daily positions at 00 UTC.

Figure 3a

Near surface reflectivity
image from PR at 08:15
UTC on 23 August 1999.

Figure 3b 1-km CAPPI reflectivity image of
Hong Kong ground based radar at
08:12UTC on 23 August 1999.
The bounded region in white lines
denotes the corresponding area in
Figure 3a.
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INDIA

1.

CURRENT R&D MISSIONS/SENSORS

1.1

Specific satellites/Instruments
IRS-P3, IRS-P4, INSAT, METEOSAT-5/MOS, MSMR, VHRR

The AMSU-A and AMSU-B payload data on board the NOAA-15 satellite were used for
the analysis of intensification of tropical cyclones over the Indian region. The study showed the
potential usefulness of this for such applications data.
The Monsoon onset over the Kerala Coast in 2000 and 2001 were monitored using
MSMR data onboard IRS-P4. The derived total precipitable water vapour and sea surface wind
speed captured very well the spatial and temporal variations prior to and during the monsoon onset
due to the microwave sensor’ capability to sense even over cloudy regions. An increase in TPWV
by about 20% was noticed over the western Arabian sea 2-3 weeks prior to the monsoon onset
over Kerala. Also enhanced wind speed of about 15m/sec and above were noticed over Northern
Indian Ocean, soon after onset over Kerala coast. The validation of MSMR data has been carried
out with SSMI/I and TMI data. It has been found that MSMR derived products such as total
precipitable water vapour and sea surface wind speed are of reasonably good quality.
The Sea Surface Temperature data obtained from drifting buoys received from NIO Goa
has been used for the validation of SSTs derived operationally at IMD New Delhi, from NOAA-16
AVHRR. the collocated points are selected from both the data sets within the 1.0° x 1.0° grid
points and three hours time cover the Indian Ocean region for the statistical analysis. It is found
that in general the satellite derived SSTs are in good agreement with buoy SSTs. The computed
statistics are based on a limited available data set. The RMS error is found to be 0.97°C for the
total data set and the bias is 0.30°C, implying that on an average the satellite derived SSTs are
underestimated by 0.30°C.
IRSP-4/OceanSat-1
Geophysical parameters from IRS-P4 became available during the period July 1999October 2001. IRS-P4 has a ‘multi-frequency scanning microwave radiometer’ (MSMR) which is
used to derive surface wind speed, total precipitable water content, sea surface temperature and
cloud liquid water content ocean the oceanic region. Algorithms have been developed to
assimilate sea surface wind speed and total precipitable water content in the existing operational
data assimilation system (Rizvi, et al., 2000). Re-analysis using the MSMR retrievals for the Indian
summer monsoon period for the years 1999 to 2001 were carried out.
OLR and QPE
For important synoptic systems, outgoing long-wave radiation (OLR) and quantitative
precipitation estimates (QPE) from INSAT IR data are used for validating forecast model’s output.
CMVs
Cloud motion vector winds derived from the major geostationary satellites (INSAT, GMS,
METEOSAT, GOES) are being received and subjected to quality checks, before being finally used
in 6 hourly data assimilation cycle. The recent studies resulted in developing automated
techniques for wind extraction at the very high density and subsequent objective quality control
(QC) techniques. This QC procedure involves an iterative preliminary objective 3-D analysis of the
wind data and a re-evaluation of the originally assigned heights. These QC procedures use a
short-range forecast from a GDAF system for background fields. These automated techniques are
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able to produce wind vectors comparable in quality to operational cloud tracked winds. Studies are
being carried out to utilize these high resolution winds.
Scatterometer winds
During monsoon 2002, NCMRWF started downloading ocean surface winds from NASA’s
QuickSCAT’s Sea Winds scatterometer ((QuickSCAT).
The QuickSCAT instrument is a
specialized microwave radar that continuously measures both the speed and direction of winds
neat the ocean surface in all weather conditions. The satellite has a swath wide of 1,800
kilometres and thereby provides about 90% coverage of Earth’s oceans per day at 25 km
horizontal resolution. Parallel experimental runs using these data sets are being conducted in
near-time basis.
DMSP (SSM/I) data
The operational assimilation code was modified for assimilating the ocean surface wind
speeds and TPWC fields from the SSMI/ data started from 1 January 2001. Subsequently, based
on the observational system experiments, the utilization of SSM/I TPWC was replaced with that of
ATOVS moisture retrievals.
ATOVS Data
NCMRWF used to receive temperature and humidity data from TOVS onboard NOAA-11
and –12 satellites in 500 km horizontal resolution in SATEM code through the GTS until April 2001
and subsequently it started receiving ATOVS data from NOAA-15 in 120 km resolution in BUFR
format.
1.2

Specific applications

Validation of SST derived using the NOAA-16 satellite has been performed by comparison
with buoy data. It is found that quality of SSTs derived from NOAA-16 is good.
Total precipitable water (TPW) derived from SSM/I data along with sea surface winds
have been found to be a very useful data source for diagnostic studies of heavy rainfall events over
the Indian coastal areas. It has been observed that the increase in TPW is invariably accompanied
by decreasing wind speed downstream, reflecting convergence. The study of a few cases (1999)
of heavy rainfall events over the West Indian coast has shown that TPW and sea surface winds
provide useful clues for forecasting heavy rainfall which are sometimes not possible with
conventional sources of data, including satellite imageries. This data when used in conjunction
with other conventional observations, such as equivalent potential temperatures, provide a better
insight into antecedent conditions prior to development of heavy rainfall. It is observed from a
study of a few cases that when areas of high total precipitable water become aligned with the ridge
areas of equivalent potential temperature, heavy rainfall occurs. MSMR data products are,
therefore, potentially useful for meteorological applications.
INSAT derived CMVs have been improved by introducing a new scheme. Earlier quality
assurance tests of INSAT derived CMVs were done using low resolution 12 hours forecast from
NCEP or ECMWF. These earlier forecasts did not use INSAT derived CMVs or other satellites
from the data sparse Indian Ocean before July 1998 when Meteosat-5 shifted over the Indian
Ocean.
In the new approach, use of high spatial resolution Limited Area Model (LAM) forecasts
produced in IMD have shown the improvements of INSAT derived CMVs. This is because the
model assimilates INSAT derived CMVs and has higher spatial resolution. Present INSAT
satellites do not have CO2 and water vapour channels. height assignment techniques were,
therefore, based on the IR window technique which caused poor height assignment resulting in
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CMV rejection in case of sub-pixel sized clouds are thin Cirrus with lower emissivity. This has
been improved considerably by taking the mean temperature of a certain percentage (25%) of the
coldest pixels which has helped in reducing the emissivity problem.
The temperature and moisture profiles were retrieved from the NOAA satellite using
Neural Networks techniques and Inversion Coupled Imager (ICI) sounding scheme. The validation
of profiles derived from the above-mentioned scheme have also been carried out. In the first step,
the profiles were derived using climatology as a forecast and surface guess. In the second step,
the validations were carried out using forecasts generated with LAM model rum operationally by
IMD. It is found that in both cases ICI has yielded better results compared to the scheme. The
IAPP package developed by SSEC Wisconsin has also been installed. temperature and moisture
profiles have been derived using IAPP also but without using LAM forecast. The temperature
profiles derived using AMSU-A data of the NOAA-16 satellite have been used for the study of
intensification of two recently occurred tropical cyclones over the Indian Ocean. The AMSU-A data
of the NOAA-16 satellite has been found to be very useful in the estimation of strength of the
tropical system (in one case) which is found to be positively correlated with warm core temperature
anomaly as about 250 hpa in the tropical cyclone.


To develop an atmospheric correction scheme to be applied for the IRS-P3 MOS data
overland;



To map out aerosol optical depth over different regions of the Indian sub-continent;
and,



To build aerosol optical depth climatology and to investigate aerosol-climate
interactions and related global change;



To analyse and predict important weather systems, particularly monsoon depressions
and tropical cyclones over the Indian region.

IRS-P4 MSMR (OCEANSAT) derived 6 hourly surface winds (NCMW`RWF) analysed)
over north Indian Ocean are acquired for the available months of three years 1999, 2000 and
2001. These winds are successfully used in IRG model to analyze the impact of MSMR data on
the daily surface circulation of the north Indian Ocean.
The results are compared with those obtained by NCEP climatology. The circulation for
the month of July in all the years shows a two-gyre system along the Somali coast with strong
northward currents up to 3°N. The northern gyre is weaker as compared to the climatological one.
The circulation in the Bay of Bengal is well simulated. The basin-wide gyre is divided into two
gyres such that the dominant cyclonic gyre is in the western part of the basin and the small
anticyclonic gyre in the eastern part of the basin. the East India coastal current is southward in all
the years, which is in close agreement with July climatology.
The dipole structure in the SST anomaly fields which was observed during 1994 in the
tropical Indian Ocean around 10°S was simulated successfully using SSM/I winds.
Inter-annual variability of surface and lower layer circulation and SST fields are obtained
over the tropical Indian Ocean using SSM/I winds for 3 years, 1994 to 1996. The model results
from 15 April to 15 June are examined in detail to understand the onset phase of the SW monsoon.
Impact of SSM/I wind forcings on upper and lower layer circulation, SST and on mixed
later depth are studies.
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1.3

Improvements realized by the operational system

The IRS-P3 MOS data helped to calibrate and verify the Atmospheric Radiative Transfer
Model developed in collaboration the Space Applications Centre (SAC) for mapping of aerosol
optical depth over land regions associated with different geographical terrain, meteorological and
environmental conditions.
Maximum values if vorticity, convergence and divergence at 850 and 200 hpa with
satellite input (CMVs and WVWVs) in an objective analysis of the wind field was observed just one
day before the formation of the monsoon depression, including a prior signal of intensification of
low into depression.
Analysing a case of a tropical cyclone (21-29 may 2001), it was found that there was
development of cyclonic vorticity at 200 hpa at the centre of the cyclonic storm. It then enhanced
further in the larger area in the following days giving a signal of weakening of a very severe
cyclonic storm into a depression and further in a low before hitting the coast of India.
MSMR GPD products give indications 1-2 days before the formation of major synoptic
systems such as monsoon depressions over the oceanic regions surrounding India with probable
locations. This will provide additional information for forecasting the weather associated with such
disturbances over the coastal regions.
High resolution (75 km) MSMR wind and total water vapour data were used for the
monitoring of monsoon 2001. SSM/I data was also used for the same period. the study showed
the usefulness of the satellite data.
The incorporation of the above data sets was one of the several recent upgrades made in
the National Centre for medium-Range Weather Forecasting operational system. Cumulatively,
the upgrades have resulted in a robust improvement in forecasts of atmospheric conditions over
the Indian monsoon region. With these changes the length of forecasts has been increased from 5
day to 7 days. The studies of the Goswami et al., (2002) has clearly shown that the incorporation
of SSM/I data sets has enhanced the quality of ocean surface wind analysis, as well as forecasts.
The inclusion of high resolution CMV and TPWC fields has produced more realistic monsoon flow
patterns.
2.

FUTURE R & D MISSIONS/SENSORS

2.1

Specific satellites/instruments
OCEANSAT-II, Megha tropiques, TOMS, MODIES, POLDAR, INSAT-3D, METEOSAT

2.2

Specific applications


Mapping of aerosol and cloud optical and radiative parameters over land and oceanic
environment and their interactions with the climate system;



Monitoring, analysis and prediction of important weather systems such as ITCZ,
depression and tropical cyclones through radiative energy budget characteristics over
the Indian region;



Rain rate and snow analysis.

Experiment with ATOVS and SSM/I data
Recently, the geophysical retrievals from SSM/I (onboard of DMSP) satellites and also
the temperature and humidity profile data from ATOVS at 120 km resolution in BUFR format have
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become available in India on a near-real-time basis. The geophysical parameters from the SSM/I
includes ocean surface wind speed, total perceptible water vapour content, cloud liquid water
content, and rainfall rates. In order to assess the impact of the said data on the Global Data
Assimilation and Forecasting System (GDAFS), specific forecast experiments (up to 120 hours)
are carried out, by including these data sets in different combinations, along with all other types of
data received on the GTS. The analysis and forecast fields thus generated are compared with
corresponding operational archives. The results of these studies suggest that the SSM/I measured
Total Precipitable Water Content (TPWC) have a great potential to improve the moisture content
not only in the initial state of atmospheric circulation but in forecasts as well. But at the same time
it creates steep gradients in height fields in the monsoon region. Thus, the incorporation of SSM/I
TPWC retrievals in the medium-range activities of the summer monsoon is resulting in enhanced
moisture holding of the atmosphere in analyses. The model is not able to maintain it beyond three
days and precipitating it over oceans in day 1 and day 2. Further studies clearly brought out that
the combination of temperature and moisture data from ATOVS and surface wind speed from the
SSM/I given comparatively more positive impact and this scheme of utilization has started from
May 2002.
Experiment with High resolution CMV winds
Cloud motion vector winds derived from the major geostationary satellites (INSAT, GMS,
METEOSAT, GOES) at a lower resolution in SATOB code are being received as a SATOB code
through the GTS and then routinely being used in 6 hourly data assimilation cycles after being
subject to quality checks. A special impact experiment to include the high resolution CMVs was
undertaken. The inclusion of these high resolution winds results in a more realistic monsoon flow
pattern. The cross equatorial flow and low level westerly jet are better represented. The depth of
the monsoon circulation is also enhanced. It also arrested the equatorial-ward penetration of midlatitude westerlies in the mid troposphere. These experiments were conducts in T80/L18 and as
well as recently developed T170/L28 resolutions.
Rainfall analysis
The daily rainfall analysis procedure (Mitra et al., 1997) was being used earlier to provide
gridded rainfall values by merging satellite and rain gauge values at T80 model resolution. This
has been modified to use 1° x 1° resolution ‘Quantitative Precipitation Estimates’ available from
INSAT IR data since June 2000, as the first guess to the rainfall analysis procedure.
Assimilation of OLR data
In the global assimilation system OLR data from HRPT station was included over the
Indian region. For a 15 day winter period OLR was assimilated directly in the data assimilation
cycle. The inclusion of observed OLR marginally improves the 24 hour forecast OLR filed (Rajan
et al., 2000). In an earlier study (Kulkarni, et al., 1997) the divergent wind from INSAT OLR was
included in analysis to improve the forecast. More work is required to find out the advantage of
inclusion of direct OLR in assimilation.
Derivation and assimilation of synthetic moisture profiles
Synthetic moisture profiles were derived from different types of moisture information and
used in the data assimilation cycle. Using the EOF method (Basu, et el., 1997) synthetic moisture
profiles were derived from TPWC information from NOAA/TOPVS, HRPT and IRS-P4 data. Using
scale height algorithm moisture profiles were derived from NOAA/TOVS data.
Different
experiments were carried out to examine the impact of these moisture profiles on the
analysis/forecast system. A positive impact was noticed on the rainfall forecast up to 48 hours.
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JAPAN

1.

CURRENT R&D MISSIONS/SENSORS

1.1

Specific satellites/instruments

The Japan Meteorological Agency (JMA) has operated geostationary meteorological
satellites since 1978 and has provided satellite pictures for timely, accurate and reliable weather
information. Up to now, various Research and Development (R&D) satellites have been launched
or scheduled to be launched besides operational meteorological satellites. The data from these
R&D satellites have brought about great improvements in the utilization of JMA’s services, such as
weather analysis, numerical weather prediction, monitoring of ocean, sea ice, El Niño and other
atmospheric conditions, and is expected to support strongly the enhancement of these activities in
the future. JMA utilizes the following R&D satellites in various fields in its services:
ERS-II (Scatterometer)
QuickSCAT (SeaWinds)
DMSP (SSMI, TMI)
TRMM (PR, TMI)
TOPEX/POSEIDON
1.2

Specific applications
Analysis of Tropical Cyclone

JMA uses scatterometer-estimated sea-surface wind vectors of various R&D satellite
data, for quick analysis of wind radii of tropical cyclones (TCs) to produce and issue TC advisories
and warnings on a real-time basis. On a non-real-time basis, JMA uses SSM/I and TRMMmeasured microwave brightness temperature data, besides the QuikSCAT SeaWinds, to fix both
centre positions and to analyze wind radii of TCs in making posterior analysis (Best Track data) as
the TC Regional Specialized Meteorological Center (RSMC) for the western North Pacific. These
data enable tropical cyclone analysts to better fix centre positions and better analyze wind radii of
tropical cyclones, especially those with few in situ observations, and the data lead to enhancement
of the quality of TC information, such as TC advisories and warnings.
Besides current utilization, JMA has a plan to survey possible utilization of the following
data in the near future:
-

scatterometer sea-surface wind vector (ERS-II, QuikSCAT, GCOM) for analysis of
wind radii, fixing of centre positions, and analysis of inner structures of TCs;

-

microwave sounder AMSU brightness temperature (NOAA-15) for analysis of
intensities of TCs, besides fixing of the centre positions of TCs;

-

microwave radiometer brightness temperature (SSM/I, TRMM, GCOM) for analysis of
wind radii, fixing of centre positions, and analysis of inner structures of TCs; and

-

precipitation radar reflectivity (TRMM, GPM) for the fixing of centre positions and
analysis of precipitation of TCs, both on real-time and non-real-time bases in the field
of TC analysis.

Data processing procedure to be developed for these TC analyses will possibly be applied
for making an analysis of general synoptic weather systems, such as surface fronts. Further, all
the data listed above will also be examined for possible use in TC bogusing in numerical prediction
models.
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Numerical Weather Prediction Systems
JMA has been using the R&D satellites data for the analysis of the initial condition and for
the validation and accuracy evaluation of the Numerical Prediction Models.
ERS-2
JMA has generated ocean surface wind vector and sea level pressure from the ERS-2
AMI data with original measure since July 1998 and put the data into the global data assimilation
system as one of the essential observations over in situ data sparse areas. However, the
distribution of ERS-2 AMI data has been suspended since January 2001 due to the malfunction of
the satellite.
According to the Observation System Experiment (OSE) with the data, the anomaly
correlation score of 500hPa geo-potential height shows positive impact on 3-8 days forecast in the
northern hemisphere, southern hemisphere and tropics. In particular, positive impact is shown in
4-5 days forecast over the southern hemisphere.
QuikSCAT (SeaWinds)
JMA has been preparing for assimilating SeaWinds data as ocean surface wind with the
same way as ERS-2 AMI. The data will be assimilated into the global system by the spring of 2002
and into the limited area system by the spring of 2003.
The OSE of the data with the global NWP system for August 1999 shows a remarkably
positive impact over the southern hemisphere and a slight positive impact over the other areas on
sea level pressure forecast. The similar impact is shown on 500hPa geo-potential height forecast.
Through the study for data quality, it has been recognized that the accuracy of the wind
vector derived from scatterometer observation is equivalent to that observed by ships and buoys.
Since the homogeneous and broad data coverage of satellite observation is highly beneficial for
the NWP use, it is, therefore, desirable that QuikSCAT scatterometer be operated as long as its
observation system works properly even after ADEOS-II/SeaWinds would be put into operation.
TRMM (TMI, PR)
TMI
Total precipitable water (TPW), ocean surface wind speed and rain rate derived from the
TRMM TMI data (level 1B11) will be assimilated into the NWP models in 2002.
The OSE assimilating TMI total precipitable water into the global NWP system with 3D-OI
for August 1998 revealed remarkably positive impacts on forecasted wind fields of 850hPa and
250hPa height over the tropics and slight positive impacts on temperature fields of the same levels
and regions. Improvements of the one-day forecasted rainfall over the tropical regions were also
shown in the OSE.
Regarding the use for limited area NWP models, an OSE of assimilating TMI rain rate into
the meso-scale NWP model with 4D-Var assimilating system was also carried out. The realistic
distribution of precipitation and consequent improvement of forecast score were obtained by using
TMI rain rate data.
TMI data is effectively used for improvements of NWP systems through evaluation and
validation. According to the validation of the global NWP system comparing the TPW analysis in
the system with TMI TPW data for April 1998 - March 1999, a large difference between analyzed
TPW and TMI observation was found over the northern hemisphere during the summer. A similar
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difference was also found in the comparison between the forecast of the NWP system and SSM/I
observation. Through these validations, it was suggested that the differences were caused by a
certain problem in the global NWP system, probably in the moisture prediction processes. The
upgraded global NWP system was put into operation in March 2001.
Rain rate from the PR data
TRMM PR data is used for an evaluation of the precipitation system expressed by the
NWP models in the meantime. It is also used as calibration data for generating rain rate from TMI
data. However, because of its relatively narrow observation scan width, it is difficult to expect
remarkable improvement of the NWP systems by assimilating PR data.
DMSP (SSM/I)
Ocean surface wind speed and TPW retrieved from the SSM/I SDR data will be
assimilated into the global model and the Typhoon model of JMA in the spring of 2002. Following
the above improvement, these retrieved data will be introduced step by step to the limited area
analysis and local area analysis of the NWP systems. The SSM/I radiance data will be assimilated
directly into the models in the future. JMA is currently preparing for an impact test of SSM/I data
on the global assimilation system with 3D-Var, and a positive impact on the forecast score is
expected as is the case with TMI.
Sea Surface Temperature (SST) Analysis
An algorithm for SST analysis with TRMM TMI, by which data can be obtained even over
a cloud-covered area, was developed to improve JMA’s operational SST analysis basically using
image data of GMS-5. In addition to TMI, the introduction of the data by GLI and AMSR on
ADEOS-II will enable SST analysis over 90% of cloud-covered area in the western North Pacific
where cloud amount in the whole sky is normally 20 to 80%.
Oceanographic Analysis
Oceanographic condition analysis by JMA’s ocean data assimilation system totally
depends on the sea surface height (SSH) observed by TOPEX/POSEIDON. JMA has developed
time-space optimal interpolation method to make gridded data from them and the optimally
interpolated SSH is used in the objective analysis system of subsurface temperature and salinity.
Sea Ice Analysis
Automatic and objective extraction algorithm of the sea ice area and concentration of sea
ice from DMSP SSM/I has been developed. The observation range covers whole earth surface
except narrow seams of each observational scanning path, and global data can be obtained in a
few hours after observation. JMA has been performing an experimental operation of automatic
global sea ice analysis since 2001. Investigations for the utilization of RADARSAT SAR and
ADEOS-II AMSR are also conducted.
Ocean Wave Analysis and Prediction
Wave height, wave spectrum and sea surface wind derived from altimeter, SAR and
scatterometer on ERS as well as ocean buoy data are used for ocean wave analysis. Since
accurate in situ ocean wave data are insufficient, wide and object satellite data coverage is
indispensable. Utilization of satellite data for initial condition of global wave model is planned and
positive impact on the prediction is expected.
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Monitoring and Prediction of El Niño
In general, variations of sea surface temperature are smaller in the western Pacific in
tropical regions than those in the eastern Pacific. On the other hand, the SSH has larger variances
in the western Pacific. SSH data, therefore, is regarded as informative for El Niño monitoring. By
assimilating the SSH data from TOPEX/POSEIDON, the oceanic variations are improved at
latitudes greater than 10 degrees where TAO-TRITON buoys do not cover. A comparison against
5-day mean tide gauge data within the 30-degree latitude reveals that the correlation coefficient
between tide gauge data and assimilation products is larger by 10% than that of the case of data
assimilation without the SSH data. The RMSD also decreased by more than 10%. We have been
investigating impacts of the SSH assimilation on El Niño prediction.
The necessity of salinity data assimilation is stressed for the realization of fine
representation of oceanic density fields, in particular, associated with barrier layer at low latitudes,
and for accurate estimation of air-sea water flux. It is expected to utilize salinity observation data
by satellite in ocean data assimilation.
Monitoring of CO2 Gas Exchange between the Atmosphere and the Ocean
For the evaluation of future concentration of atmospheric CO2 and global warming due to
the increase in CO2 concentration, it is indispensable to estimate CO2 gas exchange between the
air and the sea surface water. In situ discrete observation data alone by ships and buoys can not
give enough data for the estimation of CO2 gas exchange over the wide range of sea areas. It is
urgently required to make use of satellite-derived sea surface temperature and ocean colour data
which are distributed continuously in space and time.
In the subtropics, CO2 concentrations in seawater and sea surface temperature are
closely correlated. By using the relationship, JMA has operationally estimated CO 2 gas exchange
in the subtropical western North Pacific since 1996. However, in the sub-Arctic, as CO2 gas
exchange is strongly dependent on meteorological/oceanic conditions and biological activities, it is
difficult to estimate the exchange only from the sea surface temperature data. Especially in spring,
biological activities greatly affect the CO2 amount reduction of the sea surface waters locally and
within a short period of time. In consideration of these conditions, JMA is developing a method to
clarify the detailed relationship between the change of CO2 concentration and the amount of
chlorophyll, which is an index of biological activities, and to estimate CO2 concentration by using
sea surface temperature data and ocean colour data derived from satellites. An algorithm for
calculating an amount of sea surface chlorophyll from the ocean colour data observed
SeaStar/SeaWifS is already established. JMA has a plan to develop an estimation method to get
CO2 concentration from the operationally analyzed sea surface temperature and the ocean colour
data.
Monitoring of Ozone and Ultraviolet Radiation
To estimate the global distribution of Ozone, satellite observation data is indispensable to
cover observation sparse area, in addition to data from discrete observation site. JMA has utilized
observation data by TOMS, SAGE-II, TOVS and SBUV. The data is effectively used for the
development of chemical transport model as validation data and initial condition data.
Precipitation Monitoring
TRMM PR data is applied to the development of rainfall product estimated by GMS-5
infrared data. TRMM-PR is a space-borne precipitation radar and can observe instantaneous rain
rate over the global tropics and subtropics homogeneously. Thus, it is adequate for evaluation of
the GMS-5 infrared rainfall estimation test product, which covers a very wide area, including
tropical Ocean (35S-45N, 80E-160E). Results of the evaluation showed that the product has a
bias, which becomes larger as it goes south, over the southern ocean of Japan. It is thought that
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one of the reasons for the problem is that the estimation uses only one rain rate look up table
(LUT), which is made near Japan and is adjusted to the area. A set of LUTs, adjusted to each
5deg x 5deg grid, was reconstructed with both PR and GMS-5 data and was applied to the
estimation as a test case. It decreased the bias and increased the correlation slightly, however,
the accuracy of the estimation is insufficient. Further investigation to improve the product is being
performed using PR data.
It is necessary to obtain surface rain data to evaluate and develop a rain estimation
method. TRMM-PR observes rain rate directly over the ocean routinely and there are no
alternatives.
2.

FUTURE R&D MISSIONS/SENSORS

2.1

Specific satellites/instruments

JMA has been investigating the possibility of exploiting AQUA (AIRS) to be launched in
2002 and EO-3 (GIFTS) in 2004. Both sensors of AIRS and GIFTS are advanced high-resolution
infrared sounder and are able to measure vertical distribution of temperature and water vapour in
high resolution, and these sounding data are expected to bring positive impacts on NWP products.
Since congeneric sensors will be equipped on future operational meteorological satellites such as
METOP and NPOESS, JMA is developing the algorithms to utilize these sounding data as a midand-long term challenge, partly in collaboration with some universities.
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MALI

1.

CURRENT R&D MISSIONS/SENSORS

Since the early 1970s, the Sahel countries, and particularly Mali, have been continuously
affected by drought. Although there were some small improvements in the 1980s and 1990s, with
particularly wet winters in 1994 and 1998, this is a very worrying phenomenon and continues to
considerably limit the agro-pastoral system (KONARE, 1984).
In Mali, in order to reduce the risks of bad crops due to climatic hazards, an
agrohydrometeorological bulletin, giving information on the development of the wet season and the
consequences for crops and pasture vegetation is published every ten days. Meteorological
assistance is provided for the prime movers of the agricultural world, particularly farmers, in the
form of reports and advice for the potential alteration of traditional schedules and cultural
behaviour. For several reasons (an insufficient observing network, weak or faulty transmission
means, etc.) the use of conventional observation data from the observing network alone does not
always enable the complete and real-time detection of determining factors, such as rainfall figures
for the country as a whole.
1.1

Specific satellites/instruments
Early warning

The agrometeorological services are responsible for collecting field data throughout the
wet season (May-October), i.e., measurements from the different synoptic and agrometeorological
stations, transmitted daily to the National Administration for Meteorology. This database is
updated every ten days with information on meteorological parameters and the state of crops
observed in the stations managed by the Ministry for Agriculture that have data transmission
equipment.
The Multidisciplinary Working Group (MWG) develops and distributes the
agrohydrometeorological bulletin, which gives details on weather conditions, rainfall, crops,
waterways, pastureland and predator damage for every completed 10-day period. Maps of
anomalies are produced. These maps are actually images created from METEOSAT data, using
the TRISKEL software (D. GAGORNE - ORSTOM Lannion). These maps can therefore be directly
superimposed on the FOC (Cold Front Cloud Frequency) and TBMAX (Maximum Brightness
Temperature) synopses, thus enabling the significance of satellite techniques to be appreciated
when determining rainfall anomalies. All the analyses aim to recognize problem areas and show
potential development over the next ten-day period. The agrohydrometeorological information
developed contributes considerably to early warnings. It enables many people to know the
national state of the crop year at any point of the wet season and helps in crop forecasting. From
this information the authorities concerned can take action to limit the risk of shortages (KONARE,
1988 and RUKS, 1987).
This information has now become an indispensable element in the development of the
Sahel countries. However, there are still problems particularly concerning the data collection
network, given the size of the country and the difficulty of maintaining communication channels.
Irregularities have been noted in data transmission, resulting in gaps in basic information which
reduces monitoring quality, since the bulletin must be published and distributed in the days that
follow the end of the ten-day period. To compensate for these deficiencies, the Meteorological
Service has started to use less conventional data gained by processing and interpreting real-time
satellite images. This type of monitoring, typical of all the Sahel countries, has been supported in
Mali by experience of providing reports and advice to farmers, such that they can adapt to the
specific conditions of the year in question.
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1.2

Specific applications
Operational assistance for farmers

The objective of this operation is that of taking meteorological information into account in
agricultural activities, with a view to minimizing the effects of insufficient rainfall, and increasing
yield (KONATE et TRAORE, 1986; KONARE, 1988, 1989). The success of this operation required
the formation of a Multidisciplinary Working Group (MWG). During the crop year, the 10-day
meteorological and agronomic data collected is transmitted to the Central Service of Rural
Structures concerned, either by SSB radio or by post. These Services forward the data to the
Meteorological Service for processing. It should be noted that a region-specific agroclimatic
reference calendar has been compiled (DIARRA and KONARE, 1990) based on the wet season
division model developed by FRANQUIN (1973). An example of this sowing forecast calendar
applied to timothy and sorghum is in the appendix (Table 1). It defines the rainfall thresholds and
the periods affecting the condition of a particular variety of crops having a long or a short cycle.
Using such a calendar facilitates the selection of dates for working the ground, sowing,
weeding and applying fertilizer, etc. Reports and recommendations in a farmer-friendly format are
translated into the national language and broadcast by SSB and national radio for immediate use.
The fact that farmers have followed this advice and these recommendations has substantially
increased crop yield and reduced the effects of climatic risks (DIARRA, 1991). However, these
results would be much greater if all the available information was integrated into a decision-making
system using a Geographical Information System (SIG) and satellite images (TBMAX and FOC)
Present agrometeorological servicing in the Sahel, and in Mali in particular, is faced with
considerable constraints, notably the lack of:
-

A data collection network;

-

Real-time data;

-

Medium- and long-range data.

Satellite data and rainfall estimation algorithms should palliate the main constraints.
However, although we have access to data from satellite imagery at the appropriate time, we do
not receive numerical data directly. We have therefore tested the use of a simplified rainfall
evaluation method using synopses from Lannion.
Satellite data collection
METEOSAT images from a SDUS (Secondary Data Users' Station, reduced resolution)
and radar data are collected daily for nowcasting. This information is not used for 10-day
agrometeorological bulletins. Normalized vegetation index (NDVi) maps are drawn up at the
AGRHYMET centre in Niamey and sent to the national agrometeorological monitoring units in the
Sahel countries. These 10-day maps enable biomass condition to be evaluated. Unfortunately,
the NDVi maps are received too late to be used in operational monitoring (10-20 days late) but
they do enable the retrospective tracing of pastureland, and are, therefore, still very useful. Since
the 1991 crop year, maps drawn up from the ORSTOM aerial with the participation of MétéoFrance's satellite meteorological centre (SMC, Lannion) showing, both the cold front cloud
frequency and maximum surface brightness temperature, have been regularly received, in the form
of an image map, by post. Moreover, the isocontour maps are sent by fax and the cold cloud and
maximum surface brightness temperature data are used for operational monitoring. The combined
interpretation of these two types of maps lends itself to the extremely efficient qualitative
monitoring of the wet season, particularly for pinpointing the onset of winter, detecting intermediate
dry periods, and the onset of the dry season (LAHUEC et al. 1992). In order to get an overview of
the season, the Meteorological Service has developed a simple rain quantification technique from
the percentage frequency of clouds at a cold front whilst evaluating its reliability.
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Contribution of images of clouds at a cold front to rainfall evaluation and
agrometeorological monitoring
Firstly, it should be noted that the relationship between the percentage frequency of
clouds at a cold front and rainfall measured at the stations is not 100% reliable. On the one hand,
the recognition of rain clouds is imperfect (cirrus are sometimes taken into account, or stratiform
rain clouds are excluded) and, on the other hand, spatial variability of storm rain measured at the
surface is much stronger than the variability of cloud top temperature. Given these reserves, the
test was carried out in a very simple manner. The percentage occurrences were compared with
real rainfall data gathered in the stations for each of the months of the wet seasons of 1991 and
1992. Table 2 (see appendix) shows the rainfall probability corresponding to each of the
categories of cloud frequency at a cold front. The relationship varies over time and according to
the percentage categories stipulated. The best results are obtained in the extreme categories:
0-3% and 11-15%. For example, taking the latter category, we can see that all the 10-day FOC
cases comprised between 11 and 15% of the number of images treated are associated with
precipitation of more than 60 mm, from June to October, inclusive. The indications given by this
table can be summarized by observed average values:
With a 0-3% cloud frequency at a cold front is there is a 90% chance that recorded rainfall
will be less than 10 mm;


With a 3-7% cloud frequency at a cold front there is a 60% chance that recorded
rainfall will be 10-30 mm;



With a 7-11% cloud frequency at a cold front there is a 80% chance that recorded
rainfall will be 30-60 mm;



With a 11-15% cloud frequency at a cold front there is a 95% chance that recorded
rainfall will be greater than 60 mm.

Therefore, in conclusion, it can be noted that these results can be considered to be
satisfactory inasmuch as they give a relatively reliable indication of rainfall in the absence of any
terrain data. Only the category of 3-7% cloud frequency has a success level of less than 80%.
The importance of satellite data
The use of Lannion satellite syntheses enables the:


Determination of areas likely to have been rained upon;



Estimation of the amount of rainfall in areas for which there are no direct
measurements due to the lack of rainfall meters or substandard means of
communication;



Improved fine-tuning of agrometeorological advice and recommendations based on a
better understanding of rainfall and crop year evolution.

The integration of this data into operational meteorological servicing favours the better use
of the sowing forecast calendar developed by the NMSs. However, those responsible for
agrometeorological monitoring are still penalised by a certain number of constraints:


Dependency on external organisms for obtaining satellite images;



Lack of processing equipment (microcomputers);



Lack of staff training.
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In addition, the NMSs do not have (or receive too late) all the images required for more
thorough day-to-day and 10-day monitoring. More detailed information could be obtained by using
other satellite products. The daily synopses of cold frontal clouds would enable:


Correction for non-rain clouds (cirrus) via comparison with infrared and visible day
images;



Comparison with daily rainfall data from the stations.

Synoptic mapping of the critical areas requires access to the database for cold clouds and
maximum surface brightness temperature, compiled by ORSTOM (SMC Météo-France, Lannion)
since 1986, (LAHUEC et al. 1984). All the operations described above would be possible and
immediately useful if the NMS had a data receiving station and processing software.
Conclusions
Agrometeorological data used in Mali, completed by satellite information enables decision
makers to follow the development of the wet season and the crop year. They also allow
recommendations to be made, which are used by farmers in their agricultural activities. This direct
operational servicing of the main players of the agricultural world is considered to have increased
crop yield.
In addition, the shortcomings noted, particularly the weak spatial coverage of the
meteorological network could be compensated, in part, by the timely reception and processing of
satellite data, i.e. in the two or three days that follow the end of a 10-day period. Therefore, we are
certain that the introduction of stations for receiving and processing satellite images, accompanied
by staff training on utilization techniques would considerably improve the quality of meteorological
and agrometeorological information required for monitoring the crop year and thus further improve
the socio-economic advantages of agrometeorological servicing.
Table 1
EXAMPLE OF A SOWING FORECAST CALENDAR (TIMOTHY/ SORGHUM)
(YARANGABOUGOU
SECTORS

(KOLOKANI
(MASSANTOLA
(DIDIENI

CROP CYCLE DURATION: 120 DAYS
(1)
(2)
(3)
(4)
(5)

Do not sow before 1 June;
Sow between 1 and 10 June if there is a cumulative 10-day rainfall of 40 mm;
Sow between 11 and 20 June if there is a cumulative 10-day rainfall of 20 mm;
Sow between 21 and 30 June and 1 and 10 July even if dry, but preferably after rain;
After 10 July, it is recommended that you sow a variety with a shorter cycle.

CROP CYCLE DURATION: 90 DAYS
(1)
(2)
(3)
(4)
(5)
(6)

Do not sow before 10 June;
Sow between 11 and 20 June if there is a cumulative 10-day rainfall of 40 mm;
Sow between 21 and 30 June if there is a cumulative 10-day rainfall of 20 mm;
Sow between 1 and 10 July if there is a cumulative 10-day rainfall of 10 mm;
Sow between 11 and 20 July even if dry, but preferably after rain;
After these dates, it is recommended that you sow a variety with a shorter cycle.
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Table 2
RAINFALL PROBABILITY ESTIMATED FROM CLOUD FREQUENCY AT COLD FRONTS
(VALIDATED OVER THE 1991 AND 1992 SEASONS)
Categories
Rainfall
<10 mm
10 - 30 mm
30-60 mm
>60 mm
Frequency
0-3%
3-7%
7-11%
11-15%
Month
April
90
May
100
50
85
80
June
95
60
80
100
July
70
65
85
100
August
100
50
70
100
September
95
60
60
100
October
75
60
100
100
Average
90
60
80
95

The correlation between categories are given in percentage of the total number of value
pairs observed at the NMS stations.
Sources:
-

Rainfall data (NMS):
Percentage of cold frontal clouds: 10-day synopses, ORSTOM aerial (SMC MétéoFrance, Lannion).

Summary
Use of satellite data in crop year monitoring
Mali, following the example of the other Sahel countries has carried out early warning and
serviced users' activities since the drought of the 1970s so as to improve decisions and reduce
climatic risks. However, the insufficiency of the data collection network penalises these activities.
Therefore, ways to account for satellite data (cloud frequency at a cold front and Maximum
Brightness Temperature) have been developed in collaboration with SMC Lannion (France).
In this way a simple relationship has been defined between cloud frequency and probable
rainfall, enabling rainfall to be spatialized and application of the sowing forecast calendar to be
improved, thus impacting crop yield.
This document covers crop year monitoring, the use of satellite data (contribution of
images of clouds at a cold front, importance of satellite data).
NMS research fields for the next decade
(1)
(2)

Circular Agroclimatic Zoning Using the Geographical Information System (GIS);
Development of long-range seasonal forecasts (start of season and quality of season in
may, updated every two months);

(3)
(4)

Development and improvement of daily weather forecasts, particularly local forecasts;
Ten-day rainfall estimation using satellite data;

(5)

Studying the connection between empirical observations and meteorological information;

(6)

Transcription of meteorological terms into our national languages;

(7)

Development, updating and automation of the use of the sowing forecast calendar for the
different agroclimatic zones;

(8)

Estimation of water requirements for the different crops in the different climatic zones;
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(9)

Relationship between weather parameters and crop pests;

(10)

Monitoring of pasture development using satellite images;

(11)

Monitoring bush fires using satellite images;

(12)

Studying acid rain under the IDAF-MALI project in collaboration with CNRS and IRD
(formerly ORSTOM);

(13)

Studying the vulnerability/ adaptation to climate change in Mali;

(14)

Determination of risk zones in Mali during the crop year.
RESEARCH PROJECT
(NMS Mali)

Subject:

Rainfall estimation and spatialization in Mali using satellite data;

Aim:
To follow the development of the wet season in Mali and to give advice to decision
makers and the rural community.
Expected results:
(1)
(2)
(3)
(4)
(5)
(6)

Rainfall spatialization;
Ten-day rainfall estimations;
Determination of zones lacking climatology application;
Optimum use of agrometeorological advice, particularly the sowing forecast calendar;
Acquisition of a database for satellite data and data processing means;
Staff training.

(1)
(2)
(3)
(4)
(5)

Collect conventional rain and TBMAX data for 1986-1999;
Collect FOC and TBMAX satellite data for 1986-1999;
Acquire data processing software;
Train an engineer to use the data processing software (1 month);
Process conventional and satellite data for 20 stations at the AGRHYMET centre (2
months);
Develop a rainfall estimation algorithm;
Combine estimation data with agrometeorological advice for early warning and field
applications;
Develop maps showing deficient zones;
Field mission.

Action:

(6)
(7)
(8)
(9)

Continual action:
- Receiving data on clouds at cold fronts and TBMAX;
- Estimation, spatialization and warning.
Staff:
-

Birama DIARRA, Head of R&D;
Daouda DIARRA, Head of Environment and Forecasting;
Siaka BAYA, Forecasting;
Almahadi MAIGA, Head of NMC

Reference:
-

K.KONARE, EPSAT project, Mali;
B.DIARRA and J.P LAHUEC, use of satellite data in crop year monitoring.

- 60 -

MOROCCO

1.

CURRENT R&D MISSIONS/SENSORS

Morocco experiences variable meteorological conditions both in terms of physical
processes and severity. Thus, in the winter, the country is mainly affected by frontal systems
which approach Morocco from the Atlantic and cause precipitation that varies according to latitude
and altitude. In the summer, it is above all convective conditions that lead to the formation of storm
cells in the proximity of mountains and this can lead to heavy precipitation with the risk of flooding
in mountainous regions.
Since the country's economy is mainly based on agriculture (~17% of GDP, > 50% in rural
populations), water is very important and water resource management has been established as a
national priority.
The Direction de la Météorologie Nationale (DMN) of Morocco, which has the main
mission of protecting people's lives and property, as well as contributing to the economic
development of the country through various meteorological services, is responsible for providing
reliable weather forecasts that are adapted to different sectors of the economy. To do this, the
DMN has high-performance technical resources (the Al Bachir high resolution limited area
numerical model (16~km), a network of five Doppler radars, means for receiving satellite data
(PDUS and HRPT) and a network of synoptic and upper-air stations). In this connection, remote
sensing plays an essential role for producing very short-term weather forecasts and for
applications in different sectors, such as agriculture, water resource management, etc.
1.1

Specific satellites/Instruments
The DMN has two types of station for receiving satellite data:


PDUS stations for receiving data from METEOSAT satellites in visible, infra-red and
water vapour channels. These images are used in operational weather forecasting for
detecting and monitoring cyclonic systems and detecting storm cells;



HRPT stations for receiving data from NOAA satellites (in five channels) which is used
to determine the characteristics of oceanic and continental surfaces.

The satellite data collected by the DMN is used to develop applications essentially relating
to nowcasting, hydrology and agriculture. The following are some of the studies carried out by the
DMN:
Satellite climatology
This is a statistical study of cloud systems in Morocco based on METEOSAT imaging. The
aim is to have a spatial and temporal understanding of the occurrence, development and
movement of cyclonic systems in Morocco.
Satellite precipitation estimates
Meteorological satellites, because of their wider coverage and high spatial and temporal
resolution, can be used to determine cloud precipitable water if this information is combined with
radar data that provides good precipitation estimates.
The method used is a bispectral technique based on a statistical model for calibrating the
digital count of METEOSAT images according to radar echo. The principle of this method is based
on comparing infra-red and visible images, pixel by pixel, with radar images.
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Developing environmental products
NDVI maps
NOAA satellite data is used for operationally producing decadal NDVI maps for monitoring
vegetation in Morocco.
SST maps
NOAA satellite data is also used for operationally producing decadal sea surface
temperature maps. This makes it possible to obtain sea surface temperatures and is very useful
for climate studies and fishing grounds.
Snowmelt prediction
Snowmelt is the main source of water supplying fresh water bodies during the summer.
To optimise water resource management, a snowmelt prediction model is used. The SRM is a
simple model and its input data consists of the snow map produced using NOAA imaging derived
from a multispectral analysis of AVHRR imaging channels.
2.

FUTURE R&D MISSIONS/SENSORS

With the arrival of the new generation of METEOSAT meteorological satellites (MSG), the
DMN plans to bring all of its satellite reception equipment up to the same level as part of the PUMA
project, with a view to making the most of the advantages created with the unification of African
satellite receiving systems in terms of maintenance, training and long-term activities.
This new generation of MSG satellites will be of great use for operational forecasting and
development.
Thus, improving spatial resolution from 2.5 km to 1 km in the visible channel and
improving temporal resolution to 1 image every 15 minutes will enable a better monitoring of
cyclonic systems and particularly thunderstorm systems, which present a real danger in
mountainous areas in Morocco.
These very features will consolidate the above-mentioned studies whether it be for
understanding the behaviour of mesoscale convective systems, hydrological applications, or other
elements. Similarly, spectral resolution will enable the development of products relating to
environmental aspects such as the ozone layer, surface albedo, land surface temperature, soil
moisture, aerosol concentration, etc.
3.

POINTS OF CONTACT
Noureddine Filali Boubrahmi
Direction de la Météorologie Nationale / Service Radar et Applications Nouvelles
Tel.:
212 22 91 34 35
Fax:
212 22 91 36 99
E-mail: noureddine.filali@caramail.com
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NETHERLANDS

1.

CURRENT R&D MISSIONS/SENSORS

1.1

Specific satellites/instruments

Near real-time scatterometer data streams from research instruments have resulted in the
planning of operational missions, and thus are a good example of success in an area of WMO
interest. The unique benefits of a scatterometer in providing abundant and detailed wind vector
information in dynamically active regions, such as cyclones, fronts and lows, are not met by any
other instrument and are well-established. As such, EUMETSAT plans the C-band wavelength
advanced scatterometer, ASCAT, on their EPS, which will increase data coverage by a factor of
three in the Atlantic area and fasten data delivery with respect to the current ESA ERS C-band
scatterometer (SCAT). Therefore, weather nowcasting, short-range forecasting, and numerical
forecasting applications of weather and wave parameters can achieve great progress by routine
use of ASCAT scatterometer data. Moreover, an improved insight in climate processes, particularly
in the coastal region, can be achieved by long-term records. Below, a more detailed account is
given.
1.2

Specific applications

KNMI is deeply involved in the research and development work on the processing of
European and US scatterometers, both current and future ones (see KNMI, 2002). The wind
vector and scatterometer work packages of the EUMETSAT-funded Ocean and Sea Ice Satellite
Application Facility (OSI SAF, 2002), Numerical Weather Prediction SAF (NWP SAF, 2002), and
Climate SAF (CM SAF, 2002) are carried out under responsibility of and largely by KNMI.
Moreover, KNMI is actively involved in the US SeaWinds projects and European feasibility studies
on a rotating fan beam scatterometer.
Both in regional HIRLAM NWP systems (Stoffelen and Beukering, 1997; Stoffelen and
Cats, 1992) and in collaboration with ECMWF in global NWP (e.g. Isaksen and Stoffelen, 2000),
KNMI has carried out impact studies of ERS scatterometer data, including ERS-1 and ERS-2
scatterometer tandem data with increased coverage. From these and other studies it is concluded:
1.3

Improvements realized by the operational system
- Scatterometer data provide unprecedented spatially detailed and accurate wind vector
fields near the ocean surface;
- Particularly in the most relevant dynamically active and cloudy regions (e.g., storms
and tropical cyclones) scatterometer data provide forecast impact;
- With one ERS scatterometer modest impacts are achieved, but by increasing coverage
in tandem experiments at ECMWF and KNMI (Stoffelen and Beukering, 1997)
beneficial impacts increase, sometimes progressively (synergetic effect);
- Current regional and global NWP models cannot assimilate the information on scales
below 200 km, but improved assimilation systems may in the near future increasingly
benefit from scatterometer data, as has for example been found at ECMWF with 4DVar in case of tropical cyclones (Isaksen and Stoffelen, 2000).

KNMI provides the pre-operational global SeaWinds products from the OSI SAF on the
web, and preliminary SeaWinds software products from NWP SAF (KNMI, 2002). KNMI on-duty
meteorologists find SCAT data very valuable for describing the development of relevant weather
phenomena on scales that cannot be obtained from other observing systems. However, the
incomplete and asynoptic coverage of the ERS scatterometer makes routine use on our existing
Meteorological Work Station rather cumbersome.
For its more complete coverage, the
meteorologists are quite enthusiastic about our SeaWinds products, despite its poorer timeliness.

- 63 -

As such, extended-coverage scatterometer data are very valuable for nowcasting and short-range
forecasting of weather and waves in the Dutch area and surrounding waters. In particular, the
detailed depiction of the wind field in the North Sea and Norwegian Sea is thought to be of great
relevance for the prediction of waves and surges in the Dutch coastal area.
KNMI (2002) provides links to local meteorological products of the SeaWinds
scatterometer in combination with satellite cloud and NWP data. This web link has been advertised
for the first time in July 2000. The number of external visitors to this site has increased in the
subsequent months from 57, 191, 252, 296, to 398 and 451 in November and December,
indicating the increasing popularity of our scatterometer data product. Since the introduction of
SeaWinds in summer 2001, popularity is raising.
2.

FUTURE R&D MISSIONS/SENSORS

2.1

Specific satellites/instruments
Overall requirements

WMO (2000) states in a general section on polar platforms: "To provide a reasonable
temporal sampling for many applications at least two satellites are required, thereby providing
6-hourly coverage". For the detailed mesoscale features that are uniquely measured by a
scatterometer such requirement is particularly noteworthy. This means that in addition to a US
wind vector mission on a polar satellite, the continuation of the European mission is recommended,
as embodied through ASCAT. Besides coverage, WMO states requirements for observation
accuracy and timeliness in the different application areas. We note from our experience that the
timeliness requirement is particularly important for short-range and regional use of the data. (see
above).
Other European fora go along with the above requirements:
- In the EUMETSAT OSI SAF user meeting in December 1999 the 25 km resolution
capacity was strongly recommended for full exploitation;
- In GODAE the need for two complementary scatterometer instruments is strongly
supported, considering common needs in mesoscale meteorology and regional
oceanography. Their major concern is continuity of wind vector measurements. For
MERCATOR and the Mediterranean MFSPP the North Atlantic and Mediterranean
prototypes will require from 2001 onwards specific high resolution wind products to
force the ocean model (Le Traon, 1999);
- EUMETSAT/ESA Emerging Scatterometer Applications workshop (ESA, 1998). In
independent discussion sessions on ice, ocean, land, and meteorological applications,
the continuity of scatterometer missions was unanimously brought forward. A cyclone
mission was proposed for operational meteorological application;
- In the IFREMER Ocean Winds workshop held in Brest (F) from 19-22 June 2000 the
obvious need for high space and time resolution winds was stressed in many talks
about oceanography and the climate system, and noted for the workshop
recommendations. It was noted further that continuity of scatterometer data is
essential;
- In a HIRLAM satellite data co-ordination meeting in December 1999 including many
EUMETSAT member states, the NWP SAF user survey was discussed, and among the
different satellite data types scatterometer data use was given highest priority for
limited area modelling. More in general, according to the NWP SAF and OSI SAF user
surveys many of the National Meteorological Services plan to use scatterometer data
as soon as they become available.

- 64 -

2.2

Specific applications
Ku-band scatterometers

SeaWinds data from QuikScat or ADEOS-II provide polar orbitter sea surface wind vector
information, in line with the general WMO requirements. KNMI, due to its responsibility in the NWP
SAF, OSI SAF, CM SAF, is particularly aware of the quality aspects of these data. The following
summarises the current situation:
- SeaWinds quality control (QC) results in the rejection of about 7% of winds (for ERS
SCAT 1-2% of data are rejected);
- The quality control is most active in meteorologically dynamic regions where ERS
scatterometer data are found to be most useful in several applications such as shortrange forecasting, and regional and global NWP;
- The quality of the remaining winds after QC is somewhat uncertain in those
meteorologically active regions due to the possibility of rain contamination.
Although the remaining winds are of a quality that is somewhat below the quality standard
provided by C-band wavelength scatterometers such as SCAT or as anticipated from ASCAT on
EPS, the beneficial impacts of SeaWinds data are encouraging due to the increased coverage with
respect to SCAT. Where product development is ongoing, operational use of near real-time
SeaWinds data in meteorological applications has started recently in the European community and
our view on its usefulness is maturing and certainly positive. Again, near real-time availability is
crucial to fully exploit the data. KNMI (2000) provides links to products of SeaWinds and to
software that is put available through EUMETSAT policy.
3.
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SeaWinds for weather forecasting
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QuikScatKNMJ at 100 Ion

K NMJ develops SeaW inds produL1s and proctl!lures
for use in numerical and synoptic we.ather forecasting,
Our emphasis lies on noise reduL1ion, Quality Control,
Quality Monitoring, and presentation. To thi s end, our
R&D focu.,ses on
• rdin SLTeening
• wind processing
• resolution degrddation for noise reduL1ion
• monitoring of residual pammeters
• flagging of unrel ia ble data
For more information:
http: l/www.lmmi.nl lscatterometer
T he plot s hows a developing storm to tht: south-west
of Ireland not captured in locat ion and phase by the
HlRLA M foreca~1 model, but well de picted by
QwKScat.
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NEW ZEALAND

1.

CURRENT R&D MISSIONS/SENSORS

1.1

Specific applications

Quikscat winds provide vital unprecedented information on location of areas of storm or
gale force winds over open oceans where observations are extremely scarce.
They identify the location of surface fronts under broad cloud bands. For example, when
a mobile front in the westerlies joins a cut-off low around, say 40 South, the fronts are frequently
drawn about half way, or a third of the way, on from the western edge of the cloud sheet when
Quikscat indicates the surface wind change is near the leading, eastern, edge of the cloud sheet.
This can be a difference of hundreds of kilometres.
Similarly, Quikscat helps identify the location of trough lines in the tropics where the small
number of surface observations are land based and subject to strong sea breeze influences.
Quikscat winds show the large-scale rivers of wind around New Zealand, such as those
from near Puysegur Point in either north-west or south-east flows and also East Cape in westerly
flows. This helps build forecaster confidence in when these occur and the extent of the area of
enhanced winds over the ocean.
Quikscat winds enable rapid detection of incorrect ship observations thus avoiding painful
procrastination sessions when ships report gales in unlikely but possible locations.
They improve confidence in the forecasters’ knowledge of the wind field and enables
forecasters to learn about model bias. For example, model guidance often indicates 50 knots or
more ahead of fronts near 50 South but Quikscat shows only 30 to 40 knots. The explanation is
likely to be the separation between surface winds and winds aloft caused by warm air blowing
over cold sea.
They enable forecasters to observe winds world-wide. So, gap-winds, rivers of wind, etc.,
can be seen from many geographical features around world. This reinforces confidence in our
conceptual models of these phenomena.
Verification of gale warnings. Often Quikscat is the only source of verification over coastal
areas apart from land based METARs which usually do not show the true wind speed at sea.
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NIGER, REPUBLIC OF

1.

CURRENT R&D MISSIONS/SENSORS

1.1

Specific satellites/Instruments

The National Meteorological Service of Niger uses three kinds of satellite data in the
course of its various activities. These are: NDVI data, METEOSAT images and sea-surface
temperatures (SST).
NDVI data
These are used in activities arising from the agricultural and alimentary situation (early
warning) on the one hand, and pasture land monitoring on the other. They allow us to:
(a)
(b)
(c)

obtain information, synoptically and in quasi-real time, on the development of the
plant biomass;
conduct numerous analyses, especially spatial and temporal comparisons;
identify and monitor the areas at risk.

METEOSAT images
These are used in crop year monitoring activities to expand the observation network and
in developing short-, medium-, and long-range numerical weather prediction.

1.2

(a)

Crop year monitoring: Niger's meteorological observation network is not sufficiently
dense to cover the whole of the country, three quarters of the area of which is desert.
To remedy this, we use METEOSAT images, in particular Cold Cloud Duration
(CCD), which are closely correlated to rainfall, and are an excellent tool for rainfall
monitoring and interpolation (using the IEDS method). This enables us to forecast
quite well the probability of rainfall occurring over a given area;

(b)

Numerical weather prediction: METEOSAT images, combined with our own analyses
of the models developed by the large, world forecasting centres, enable us to tell the
public what the weather is and what it will be. They also enable us to monitor the
movement and development of such phenomena as squall lines, sand storms and
(dry) haze in the case of early warning.

Specific applications
Sea-surface temperatures (SST)

These are used as predictors in research work on the climate, notably climate change,
seasonal forecasting, the influence of climate on certain pathologies, etc.
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PAKISTAN

1.

CURRENT R&D MISSIONS/SENSORS
Distributing processed images for immediate use:
(i)

PMD provides the direct broadcasting of cloud images in the form of analogue
signals which can instantly be converted into a visible picture;

(ii)

PMD receives the Automatic Picture Transmission (APT) at nine different weather
stations as shown in figure 1. At Quetta, one of these nine stations, High
resolution Picture Transmission (HRPT) is received. The data are provided to the
users.

Meteosat and GOES
Images from the European geostationary satellite, in addition to the USA GOES were
used by PMD to monitor and accurately predict the tracking of:
(i)

Severe tropical cyclone (TC-01A) with a core of hurricane winds and maximum
intensity of 5.5 from its birth on 22 May 2001 over the Central Arabian Sea (at
about 14.1 N and 71.2 E) until its landfall near the Indian Gujrat Coast on 29 May
2002;

(ii)

Tropical cyclone (TC-02A) developed in the Arabian Sea (17.0 N and 67.5 E) on
25 September 2001 and expired on 28 September 2001.

(iii)

Tropical cyclone (TC-03A) developed in the Arabian Sea on 9 October 2001 with
its centre around 18.6 N, 68.5 E and dissipated over waters on 10 October 2001.

Derived products
A new system SADIS for aviation forecasts has been installed at the Meteorological
Office, Jinnah International Airport, Karachi, which receives the data transmitted by the satellite
INTEL SAT-604 installed at 60 E in the Indian Ocean. through this system PMD receives the
aviation charts of two kinds -–GRIB and T 4 charts, as well as OPMET data which are use din flight
folders and provided to 35 different airlines.
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Figure 1: Nine APT stations in Pakistan (shown with a

)
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PERU

1.

CURRENT R&D MISSIONS/SENSORS

NMHS Peru (SENAMHI) considers it extremely important to continually monitor areas
which are subject to considerable climatic variability and often experience adverse meteorological
events at certain times of the year. Much assistance has already been provided by remote
sensing, particularly by enabling the monitoring of remote areas. Given these advantages,
SENAMHI, in recent years, has studied the utilization of satellite data, which is used for two main
purposes:

1.1

(a)

Operations: for compiling short- and medium-range weather forecasts. The
GOES-8 satellite is used in high and low resolution. Forecasting is carried out every
twelve hours all year round;

(b)

Research: with a primary objective of rainfall estimation, using the GVAR system to
capture images from the GOES-8 satellite. Existing global algorithms are adapted
to Peru's territorial particularities also using satellite imagery.

Specific satellites/Instruments

In order to be able to fully utilize the different forms of satellite data and follow other lines
of research, South America, and Peru in particular, need more radiosonde data, i.e., data provided
by the NOAA satellite TOVS. This information is already extremely important for studying thermal
inversion, mainly in the coastal areas of Peru.
There is thus a considerable need for ongoing training in this area and the exchange of
information between the NMHSs and satellite operators, enabling a greater grasp of all the satellite
information available. The Virtual Laboratory for Training in Satellite Meteorology is a great step
forward for international collaboration in this area.
1.2

Specific applications
EVALUATION OF RAINFALL ESTIMATION ALGORITHMS
FOR PERU USING SATELLITE IMAGERY
Angel Cornejo Garrido
Clara Oria Rojas
National Hydrometeorology Service, Peru
Summary

A first approximate rainfall estimation using infrared (11m) satellite imagery was carried out using
two algorithms evaluated for the United States: The Auto-Estimator, using data adjusted by an
exponential equation; and the GOES Multispectral Rainfall Algorithm (GMSRA), using values
adjusted by a quadratic equation, from which, although all five channels were used to carry out the
flow evaluation, only the infrared channel values were used. Calibration data was produced from
the estimated values of these algorithms and observations were carried out hourly at the automatic
stations of the National Hydrometeorology Service of Peru (SENAMHI). The evaluation was
carried out during August and September 2001. The main objective of this work is that of
evaluating the methods of estimating rainfall and determining the best way of adjusting them to our
conditions.
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(i)

Introduction

It is extremely important to emphasize the part that the various satellite remote-sensing
technologies have played in rainfall evaluation, using the different channels of the spectral band
detected by the GOES satellite.
Further research, verifying the algorithms is being carried out at the moment, to evaluate
two technologies: the Auto-Estimator for the infrared channel and GOES Multispectral Rainfall
Algorithm (GMSRA), which uses a combination of the five channels for filtering rain clouds and
non-rain clouds.
In our case, this study only covers the algorithm using the infrared channel for analysis
and, therefore, both methods can be compared and we can determine which is better suited to our
geographical conditions.
(ii)

Materials and Methods
Materials:
The following materials were used:
-

Daily infrared (channel 4) imagery from the GVAR;

-

C programs for reading the images and estimating rainfall using the following
techniques:

(a)

The Auto-Estimator, adjusting data to an exponential curve;

(b)

GOES Multispectral Rainfall Algorithm (GMSRA), adjusting the data to a quadratic
equation;
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-

Data observed by the SENAMHI automatic stations in August and September 2001;
Excel software for dispersion analysis.

Methods:
-

(iii)

Obtaining satellite imagery from GVAR;
Reading the gray scale images from the infrared channel, using a C programme ;
Calculating the Cloud Top Temperature;
Estimating rainfall based on the Cloud Top Temperature, and using the above
technologies;
Correcting cloud growth or reduction if the Cloud Top Temperature has increased
relative to two consecutive images, then the cloud cover is reduced; the opposite is
true when cloud cover increases and it is highly likely that rain will be produced by this
cloud;
Analysing past observation data and estimated data for the selected stations for both
techniques.

Results

The results obtained in the United States are given, for each technique, in Figures (a)
and (b) and these were then compared with the values obtained for Peru, in Figures (c) and (d).
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(a) Auto–Estimator

(b) GMSRA

From Figures (c) and (d) we can see that many rainfall values (near the y-axis) were
overestimated. These values were for cirrus clouds, for which satellite imagery gives a false idea
of possible cloud cover due to the considerable convection activity, consequently, it is necessary to
make corrections on this data and thus arrive at an equation that better represents the facts.
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(c)

(d)

(iv)

Conclusions:






2.

The best results for Peru are obtained using the algorithm for GMSRA;
The Auto-Estimator algorithm over- and under- estimates rainfall to a large extent;
It is necessary to correct the estimation algorithms by:
- Using a combination of frequencies;
- Cirrus filtering;
- Calculating the potential of precipitable water.
It is important to establish calibration curves for the regions (catchment areas)

FUTURE R&D MISSIONS/SENSORS

Due to the fact that we still do not have an HRPT receptor so are unable to use the
temperature and humidity soundings available in the HRPT data. We would like to have all this
information available through Internet. We would also like to have remote sounding information
from the GOES-L satellite
2.1

Specific satellites/Instruments

We believe that all the remote sounding data would improve our flooding and extreme
temperatures early alerts which significantly affects Peru. On the other hand, another important
research for the future corresponds to the presence of fog.
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3.

POINTS OF CONTACT
For contact in Peru, please use the following email addresses:
Mr Angel Cornejo Garrido

accornejo@senamhi.go.pe

Mrs Clara Oria Rojas

clara@senamhi.go.pe
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RUSSIAN FEDERATION

1.

CURRENT R&D MISSIONS/SENSORS

Roshydromet acts as an operator of meteorological and oceanographic instruments
onboard Russian Federation satellites and has a modern ground complex for reception, processing
and distribution of data from all operative Russian Federation and other country's satellites that
consisted of 3 main centres located in Moscow / Obninsk / Dolgoprudny (SRC Planeta),
Novosibirsk, Khabarovsk and also a number of autonomous receiving stations, particularly for
HRPT reception.
Roshydromet has over thirty years experience in the manufacture and operation of
operational earth observation satellites. Since the beginning of operations of the Russian
Federation meteorological polar-orbiting space system, 25 satellites in the Meteor-2 series and 7
satellites in the Meteor-3 series had been launched and operated (along with one GOMS/Electro
geostationary satellite, 7 oceanographic polar-orbiting satellites of the Okean-01 series and 4 earth
resources satellites of the Resurs-01 series. Current planning in the framework of the Russian
Federal Space Program included the launching of two modernized satellites in the Meteor-3M
series and one satellite in the Resurs series in the timeframe before 2005.
1.1

Specific satellites/instruments

SRC Planeta also receives (in direct readout mode) and processes data from other
country's satellites (NOAA-12, 14, 15, 16), METEOSAT-7 (including retransmitted data from
METEOSAT-5, GMS FOES-E, GOES-W). There had been positive experience of direct receiving
and processing of SPOT-4 data, as well as utilization of ERS radar data. In 2002 EOS/Terra data
will be received and MODIS instrument data will be processed and utilized.
There had been a positive experience through international cooperation on the installation
and operation of other country's (in particular, the USA) R&D equipment for remote sounding of the
atmosphere (TOMS, ScaRab, SAGE) on board Russian satellites. SAGE III instrument (NASA,
USA) is installed on board of Meteor-3M N1 satellite (launch 12/2001).
Products derived from the above mentioned satellite data are used in both operational and
research programs of Roshydromet. Programmes are developed and realized aimed to wider
satellite data application areas and to increase satellite data utilization effectiveness.
Experience and potential of R&D satellite data utilization
Instrument/satellite: МТVZА/Meteor-3М N1 (launched on 10/12/2001)
MTVZA instrument (the module of temperature and humidity sounding of the atmosphere)
represents a 20 channels MW conical scanning radiometer that measures outgoing MW radiation
in channels (frequencies) similar to those on existing radiometers SSM/I, AMSU-A, AMSU-B. It is
planned to increase quantity of channels up to 26 (channels similar to those on AMSR/EOS AQUA
will be added).
Retrieved parameters:
-

Vertical atmospheric temperature and humidity profiles;
Precipitation data over water surface;
Sea surface wind velocity (module);
Total atmospheric humidity content;
Cloud water supply (over the oceans);
Sea ice characteristics.
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Utilization in research programmes
Development of methods of more accurate absolute calibration, methods and algorithms
of hydrometeorological parameters retrieval (including parameters of ocean surface) of better
accuracy, methods of remote sensing data assimilation in NWF and climatologic studies.
Potential utilization in operational programmes
Vertical sounding data assimilation in regional and global schemes of objective analysis of
meteorological parameters;
Synoptic and numerical forecasts;
Global atmospheric circulation models, models of interaction in the ocean-atmosphere
system.
Note: MTVZA instrument on board of Meteor-3M N1 will have and experimental status; in case
of successful operations near-operational data access will be provided.
Instrument/satellite: AIRS/ EOS-AQUA, CrIS/KANPOESS, GIFTS/ЕО-3, IASI/Metop,
IKFS-2/Meteor-3М N 2
One of most priority task for the WMO users is improving of atmospheric vertical
soundings data accuracy and vertical resolution. To achieve this goal, some satellite operators
and space agencies develop mid-term and long-term plans on creation of advanced high resolution
IR sounders. These are diffractional spectrometer AIRS (EOS/AQUA, USA, 2002), Fourier
spectrometers CrIS (KANPOESS NPP, USE, 2005), GIFTS (geostationary satellite ЕО-3, USA,
2003), IASI (Metop, EUMETSAT, 2005), IKFS-2 (Meteor-3М N 2, Rosaviakosmos, Roshydromet,
2005).
Retrieved parameters:
Temperature profiles (resolution of 1 km in the troposphere, accuracy of ~1К), humidity
(resolution of 1-2 km, accuracy 10% in the troposphere);
Parameters of clouds (quantity, cloud top height);
Total ozone content (accuracy of 5%) and its vertical distribution;
Integrated atmospheric small gazes content, including Me, NO, CO2 (accuracy of ~ 5%);
Water surface temperature (accuracy of 0,5 К), earth surface temperature (accuracy ~
1 К) and emissivity.
Utilization in research programmes:
Developing of methods of data processing and parameters retrieving with needed
accuracy, methods of satellite-derived results assimilation in numerical forecasts, climatic
researches, atmospheric chemistry tasks – a method of direct assimilation in procedures of 4
dimensional meteorological fields analysis.
Potential utilization in operational programmes:
Systems of 3- and 4-dimensional objective meteorological fields analysis;
Systems of 4-dimensional analysis with direct satellite IR soundings data assimilation;
Assimilation in atmospheric chemistry models (models of admixture transfer).
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Instrument/satellite: ERBE/Nimbus, ScaRaB/Meteor, ScaRaB/Resurs-01 N 4
Retrieved parameters:
Estimates of earth surface characteristics variability;
Precipitation rate;
Emission and radiation budget components (global radiation fields, radiation fields daily
variations);
Description of mean atmospheric circulation mode and anomalies;
Earth surface radiation budget components.
Utilization in research programmes:
Scientific experiments, developing of methods and algorithms of hydrometeorological and
climatological parameters retrieving, data ingesting (utilization) methods and models:
Software for data processing and quality analysis;
A method of spectral analysis in 4-dimensional assimilation systems;
Model of mean atmospheric circulation mode and anomalies description on the basis of
methods of finding the characteristics of functions in the earth surface – atmosphere
system;
Numerical scheme of combined satellite and conventional earth surface radiation budget
data assimilation.
Potential utilization in operational programmes:
Mid-term and long-term synoptic and climatologic forecast models (as a lower boundary
conditions);
Satellite data validation procedures.
Data utilization experience:
Radiation budget global spatial and seasonal variability information has been received
from the first ScaRab-1 instrument flying on Russian meteorological satellite Meteor-3 N 7 (March
1994 - March 1995).
Broadband radiation measurements, derived from ScaRab-1 and ScaRab-2 instruments
(second has been installed on Russian satellite Resurs-O1 N 4, launched on 10/07/1998) have
demonstrated good correspondence with measurements made earlier in the framework of the
ERBE projects. ScaRab/Resurs data allowed revealing a number of new important regional and
zonal anomalies that characterize (indicate) the El Niño to La Niña transition in the time frame of
1998-1999. Rather important is the fact of close correspondence between ScaRab/Resurs
measurements and CERES (the Clouds and Earth Radiant Energy System) –TRMM ones that has
been demonstrated by the means of broadband radiation measurements comparison.
High accuracy of ScaRab/Resurs radiation measurements allows conducting different
researches for climatology and forecasts. These measurements could be also used in other fields
as, for instance, complementary data source for such experimental analysis as INDOEX. In spite of
some lacks, ScaRab data set allows investigation of 1999 winter anomalies, in particular, to study
the La Niña South fluctuation phase.
ScaRab-2 data were carefully processed and are opened for researchers. Though, the
data set is relatively small and not rather dense, it is of a good quality and represents unique global
broadband scanner information for the period between November 1998 and April 1999.
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Instrument/satellite: SSM/I, DMSP F13, F14
Retrieved parameters:
Sea surface wind velocity (module);
Total atmospheric water content (over an ocean);
Clouds water supply (over an ocean);
Ocean and sea ice parameters.
Utilization in research programmes:
Developing of methods and algorithms for hydrometeorological parameters retrieval with
improved accuracy for EO data assimilation models.
Utilization in operational programmes:
Assimilation in forecasting schemes (NWP);
Global atmospheric circulation modelling, interaction in the Ocean-Atmosphere system.
Instrument/satellite: MODIS/EOS TERRA, AQUA
Possible parameters:
Parameters of the atmosphere: characteristics of aerosols and clouds, temperature
profiles, water content.
Earth surface parameters: albedo, snow cover, earth surface temperature, earth cover
classification, vegetation index, thermal anomalies (fires), leave surface index, photoactive
radiation, evapotranspiration, biomass productivity, etc.
Water surface parameters: SST, outgoing radiation energy estimates, colour
concentration, chlorophyll, organic and feorigment concentration, bio productivity of sea water, sea
ice, etc.
Instrument/satellite: CERES/EOS TERRA, AQUA
Possible parameters:
Broadband short-wave, long-wave and full radiation fluxes, for both cloud and cloud free
conditions;
Surface radiation budget estimates (based on empirical relations between radiation fluxes
at the top of the atmosphere and surface);
Data of physical cloud parameters, temperature, water vapour content, ozone, aerosols
and model of broadband radiation transfer for calculation of short wave and long-wave
fluxes at surface and for different atmospheric layers, as well as for the top of the
atmosphere.
Possible utilization in research programmes:
Climate long term change and monitoring;
Climate seasonal change and year-to-year variations forecasts;
Dangerous natural phenomena;
Radiation budget researches;
Earth surface cover variability and global productivity;
Developing of methods and algorithms for hydrometeorological parameters retrieving with
improved accuracy and EO data assimilation models.
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Possible utilization in operational programmes:
Assimilation in NWP schemes;
Global atmospheric circulation modelling, interaction in the Ocean-atmosphere system.
Instrument/satellite: ASCAT/ERS, SeaWinds/QuickSCAT
Informational supply of forecasting schemes could be considerably improved by the
means of utilization of sea surface winds estimated derived from scatterometers data. According to
the ECMWF experience, sea surface winds vectors derived from scatterometric data improves
significantly forecasts accuracy, in particular, for the hurricanes cases.
In order to make use of these data and developing corresponding assimilation systems for
forecasting schemes of global and regional scales scatterometers data real time access in needed.
Use of operational data from non-meteorological satellites
Roshydromet has wide experience in developing, exploitation (operation) of operational
EO oceanographic (Okean-O1 series, Okean-O) and earth resources exploration (Resurs-O1
series) satellite systems as well as in utilization of data from these satellites.
Oceanographic satellites of Okean series
Okean satellite system is the first operational EO satellite radar system, which has been
operated continuously since September 1983 when the first satellite of the series was launched
(Kosmos–1500). The main objective of the system is World Ocean surface monitoring (water
surface and sea ice state). Within the time frame of 1983 –1998 7 satellites have been operated:
Kosmos-1500; Kosmos-1602; Kosmos-1766 (Okean-О1 N1); Okean-О1 N3; Okean-O1 N5;
Okean-O1 N6 and Okean-O1 N7. The latest satellite was launched in October 1994 and has been
operated until 2000.
Specific feature of Okean-O1 satellites is a radio physical instruments set – the side
looking radar (RLS BO, working wave length of 3,2 cm, resolution of ~ 1.5 km and swath width of
~470 km) and MW radiometer RM-08 (working wave length of 0.8 cm, resolution of ~15 km and
swath width of 550 km). RLS BO and RM-08 are complemented with 4-channels (0.5-0.6, 0.6-0.7,
0.7-0.8, 0.8-1.1 mkm) optical scanning instrument (MSU-M) of low resolution (1.5 km). Such a
set of instruments allows synchronous survey of the same area of 470 km width. Besides, OkeanО1 is equipped with 2-channel optical scanning instrument of medium resolution (MSU-S, 0.6-0.7
and 0.8-1.1 mkm, resolution - 350 m).
All weather observation provided with radar and MW instruments are of a great
importance for Russia and for a number of northern countries. Data are used for operative sea ice
observations over the sea routes (i.e., Northern Sea Route, Far Eastern seas of Russia, etc.) as
well as for a number of researches and applied tasks. The Okean-O1 satellite provided complete
radar coverage of polar regions each 3 days.
In addition to the mentioned above instruments, Okean-O satellite is also equipped with
the following instruments:
Second radar RLS BO (to allow both right and left view);
Multichannel scanning device of high (MSU-V, 50 m) and medium (MSU-SK, 160 m)
resolution;
Scanning MW radiometer Delta 2D (instead of RM-08);
Tracing radiometers R600 and R225;
Tracing polarization spectrometer Trasser.
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Russian Earth Resources Satellites of Resurs series
In 2000 2 satellites of Resurs-O1 series have been operated: Resurs-O1 N3 (launched in
November, 1994) and Resurs-O1 N4 (launched in August, 1998). The second one provided only
meteorological data (MR-900 radiometer) since the beginning of 2001.
Satellite of Resurs series are equipped with multispectral band scanning instruments of
high (MSU-E, 3 VIS channels, resolution 30x40 m, swathwidth 60-80 km within 600-800 km) and
medium (MSU-SK, 3 VIS, NIR and IR channels, conical scanning, 160 m resolution, swathwidth
600-800 km) spatial resolution. These instruments provide data for a wide range of environmental
applications and major risks management, such as soil, vegetation and ice cover monitoring;
ecological monitoring; detecting and monitoring of natural disasters and industrial accidents and
damage assessment (floods, forest fires, oil- and natural gas pipelines accidents, etc.), studying of
geological structures and many others.
Besides traditional instruments there are set of additional meteorological and
heliogeophysical instruments on board of Resurs-O1 N4: ScaRab, ISP-2 (measurements of solar
constant), RMK-M (magnetometer complex), MR-900 (meteorological instrument of VIS and IR
bands, resolution – 1.8 Km, swathwidth 1800 km).
Russian meteorological polar orbiting satellite Meteor-3M N1
The Meteor-3M N1 satellite besides its core meteorological payload is equipped with two
scanners of high (MCU-E) and medium (MSU-SM) resolution.
Data utilization in research and operational programmes
Satellite active and passive MW data as well as data of high and medium resolution are
widely used by Roshydromet in the following applications:
Sea surface winds characteristics retrieval and monitoring;
Oil and gas production environmental impact assessment and monitoring;
Desertification studies and monitoring;
Floods monitoring;
Forest fires detection, observation and damage assessment;
Sea and river ice monitoring,
Researches on zones of seismic risk;
Volcanic processes observation:
Detection and control of sea water contamination with crude oil and oil products;
Information supply for agriculture;
Climate change researches on the basis of data long-term archives.
Roshydromet has also positive experience in utilization of SPOT (HRV) and ERS
(SAR) data. SPOT data are considered very useful, and SAR data are needed to support some
operational programmes of Roshydromet (particularly, sea ice and floods monitoring). There is a
technical possibility of these data direct receiving (SPOT direct receiving station in Obninsk), but
budget limitations do not allow accepting the data access commercial conditions.
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SENEGAL

1.

CURRENT R&D MISSIONS/SENSORS

From the flow of invaluable data obtained form METEOSAT in support of operational
meteorology we only operate forecasting purposes.
These include distribution of weather systems, identifying features, squall line tracking and
animations for now forecasting.
Our forecasts are then more reliable and more precise. However, we have woven
institutional relations with organizations dealing with rainfall, biomass estimations, forest fire
tracking vegetation indices (NDVI), seasonal forecasting evapotranspiration calculation, etc.
These institutions are:

2.

-

Centre de suivi écologique (CSE);

-

AGRHYMET;

-

Centre de Recherche Océanographiques (CRODT);

-

African Centre of meteorology applied to development (ACMAD).

FUTURE R&D MISSIONS/SENSORS

In Senegal, the economy is strongly based on agriculture, therefore rainfall is among the
key elements for forecasting anomalous climate events (floods and droughts which cause damage
and losses) with two three month lead time will mitigate the impacts of these phenomena.
In the future the Met Service must be fully involved in food security:


Drought monitoring with index showing the influence of drought on agriculture,
vegetation growth;



Detecting vulnerable hydrological regions;



Flooding;



Transport marine pollution, monitoring algae and sea surface temperature to help
fishing activities;



In operational research better understanding;



Better understanding of global warming and climate change;



Transport of aerosols and pollutants and their interaction with cloud, radiation in the
Sahel subregion.



Security of persons and properties with rehabbed meteorological forecast.



Detecting forest fire and its propagation.
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SINGAPORE

1.

CURRENT R&D MISSIONS/SENSORS

1.1

Specific satellite/instruments
Currently we are tracking the following satellites:

1.2

(a)

Japanese GMS-5 geostationary satellites

(b)

NOAA series of satellites including NOAA-12, -14, -15, -16 and –17;

(c)

MODIS satellites;

(d)

FY-1C, FY-1D

(e)

Meteosat

Specific applications
Specific applications include the following:

1.3

(a)

use of satellite data in weather analysis and forecasting, and provision of severe
weather warnings for shipping and aviation;

(b)

development of processing techniques for smoke haze, forest fir3es and associated
hotspot monitoring in the Asean region.

Improvements realized by the operational system
(a)

Refinement of techniques in the use of NOAA satellite data for hotspot detection
and smoke haze monitoring;

(b)

Experimental use of NOAA satellite data for computation of vegetation index
(NDVI);

(c)

Development of techniques for rainfall estimation using GMS-V satellite data;

(d)

Development of techniques for estimation of cloud motion winds using GMS-V
satellite data.

2.

FUTURE R&D MISSIONS/SENSORS

2.1

Specific satellite/instruments
A system for receiving MTSAT/LRIT data is expected to be implemented in 2003/2004.

3.

POINTS OF CONTACT
Meteorological Services Division
National Environment Agency
P.O. Box 8
Singapore Changi Airport
Singapore 918141
Republic of Singapore
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UNITED KINGDOM
Met Office

1.

CURENT R&D MISSIONS/SENSORS

In recent years, the Met Office has derived substantial benefit from data from research
and development (R&D) satellites: both in operational weather and ocean forecasting, and in
research to improve these forecasting capabilities and to predict climate change. This report
identifies those satellite-related data streams that have proved valuable and summarises their
impact on our operational and research activities. It notes areas where restricted access to R&D
satellite data has limited their utility. It also summarises briefly UK plans for use of R&D satellite
data from missions to be launched in the near future.
1.1

Specific satellites/instruments
ERS and ENVISAT missions
Scatterometer data

Fast-delivery scatterometer data from ERS-1 and ERS-2, providing information of sea
surface wind vectors, have been assimilated into our global NWP model since 1993. Recent
observing system experiments (OSEs) have confirmed the positive impact of these data on
forecast skill, with significant impact in the southern hemisphere. These data have also been
shown to improve the analysis and forecasting of tropical cyclones. Although useful for global
NWP, these data have not been used effectively for short-range regional NWP, because of the
delay in their reception (~3 hours), resulting from a lack of a direct read-out facility on the satellites.
Altimeter data
Prior to satellite attitude stability problems (February 2001), fast-delivery altimeter wave
height data from ERS-2 were assimilated into our global wave model, and altimeter wind speed
data were used to partition the wave energy increments between “windsea” and “swell”. When
altimeter data were assimilated, a small positive impact was noticeable in the monthly mean wave
height comparison with moored buoy data.
Altimeter data with orbital corrections are being received on a weekly basis via CLS and
assimilated into an operational, deep ocean model of the Atlantic Ocean. The data have a large
impact on high-resolution, eddy-resolving ocean models. With more tuning/development of our
assimilation methods, we would expect the impact to be more uniformly beneficial. Assimilation of
altimeter data has been shown to improve the representation of the thermocline in equatorial
regions, which is important for seasonal forecasting.
Synthetic Aperture Radar (SAR) data
Wave energy spectra are retrieved with global coverage from fast-delivery SAR UWA
data. The observed spectra are used for comparison with spectra from the global wave model for
validation. A particular interest is the comparison of modelled and observed long-period swell
amplitude and direction. Results to date suggest that further development of retrieval procedures
is required.
The Centre for Ecology and Hydrology (UK) is investigating the use of SAR data to derive
catchment wetness indices for use in operational hydrological models for reservoir management.
Also in the UK, the NERC’s Earth Systems Science Centre and the Environment Agency are using
SAR data to map flood extent and to validate flood forecast models.
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Along Track Scanning Radiometer (ATSR) data and Advanced Along Track
Scanning Radiometer (AATSR) data
In collaboration with the Rutherford Appleton Laboratory, ATSR data are being processed
to retrieve sea surface temperatures (SSTs) of high quality for use in climate monitoring and
research. Substantial data sets of global SSTs derived from these data now exist, and work is in
progress to provide SST analyses using both in situ and satellite data. These data sets have
highlighted deficiencies in both the Hadley Centre’s SST climate analyses and in some of the in
situ data sets. This work is planned to continue using AATSR data from ENVISAT.
ATSR data have also been used to retrieve cloud optical depth, ice water content and
cloud top height, in studies of the radiative and microphysical properties of cirrus clouds. These
results have led to improvements in cloud/radiation schemes for use in climate models.
Data from other ENVISAT instruments
In collaboration with the UK’s Data Assimilation Research Centre (DARC), the Met Office
plans to assimilate measurements from a number of ENVISAT instruments, initially for research
use but, provided similar data were made available in near real-time, potentially for operational
use.
Upper Atmosphere Research Satellite (UARS)
The Met Office has carried our data assimilation experiments using data from selected
UARS instruments. Since UARS data were not available in near real-time, no plans were made for
operational use. However, UARS experience was useful and can potentially be exploited with any
similar operational instruments in future.
ISAMS - several experiments were run, culminating in a two-month assimilation of
temperature measurements.
The improved vertical resolution in the
stratosphere (compared to TOVS) allowed improved analysis of atmospheric
structures.
MLS

- short ozone assimilation experiments were run as part of the EU-sponsored
SODA collaboration. Building on this work, we are currently developing a 3DVar ozone assimilation system, in collaboration with DARC.

HRDI

- directly measured stratospheric winds were assimilated for the first time. The
impacts on analyses were marginal, because of limited data accuracy.
Improved future instruments (e.g., SWIFT) offer more potential.

Data from the Haloe and MLS instruments have been used to evaluate our climate
model’s simulation of water vapour in the upper troposphere and lower stratosphere. These have
yielded extremely valuable insights into climate model behaviour.
Earth radiation budget missions/instruments
Data from NASA’s Earth Radiation Budget Experiment (ERBE) form an essential
component of any assessment of our climate model. Similar data from the Nimbus series of
satellites, the French/Russian/German ScaRaB instrument and the CERES scanners on the EOS
satellites have also proved invaluable, not only in assessing the model but in recent studies
showing evidence of trends in the tropical radiation budget.
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Radio occultation (RO) missions
We received and studied RO data from the GPS/MET demonstration experiment. We
confirmed that these data contain information on global atmospheric temperature profiles, in the
upper troposphere and lower stratosphere, of high vertical resolution and accuracy – information
which is highly complementary to that from passive radiometers on present and planned
operational satellites. We are developing methods for assimilating these data into NWP models,
and we plan to demonstrate the impact on NWP performance using data from RO instruments on
other research satellites, such as the German CHAMP mission.
NASA’s EOS missions (Terra, Aqua, Aura)
MODIS data
We have recently started to receive vegetation products derived from MODIS data from
NASA, and we plan to explore their use: in global and regional NWP, in site-specific forecast
models, in nowcasting systems and in climate studies. In addition, the MODIS land-use product is
of interest to NWP/climate modellers to improve model surface fields. We also plan to investigate
the use of MODIS data for volcanic cloud (ash and SO2) detection and for analysis of aerosol
distributions. We plan to use aerosol optical depth data in several applications, including
evaluating the performance of our climate model.
AIRS data
We plan to receive AIRS radiance data in near real-time via NASA and NOAA/NESDIS in
2002 and to assimilate these data operationally into our global NWP system. Preparatory studies
have shown that these data will contain information on the atmospheric temperature/humidity
profile of improved vertical resolution compared with operational instruments (ATOVS), and so
AIRS data are expected to make a significant contribution to forecast accuracy.
AMSU-A and HSB data
We plan to receive radiance data from these instruments in near real-time along with
AIRS data. These data will be complementary to AIRS data, through the information they provide
on temperature and humidity fields in cloudy areas. They will also increase the robustness of our
operational NWP system against any loss of AMSU-A and AMSU-B data from operational NOAA
satellites.
Other EOS instruments
See comments above (para. 4) with regard to use of the CERES radiation budget
instruments.
Seawinds scatterometers on Quikscat and ADEOS-2 missions
We are receiving near real-time Seawinds data from Quikscat, via NASA and
NOAA/NESDIS, and we are currently monitoring their quality. We have noted positive results in
OSEs at other centres, and we plan to assimilate these data operationally into our global NWP
system from Spring 2002. We are also making plans to receive and assimilate similar data from
Seawinds on ADEOS-2.
TOPEX/Poseidon altimeter data
These data are also being assimilated into our Atlantic Ocean model (see 2.2).
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Coriolis/Windsat
We plan to receive data from the US Naval Research Laboratory’s Coriolis/Windsat
mission, to study the information on sea surface wind vector in this type of polarimetric radiometer
data, with a view to using the data operationally (if they can be received in near real time) and also
to assessing the future role of such instruments on operational satellites.
TRMM
Some use has been made of TRMM precipitation data in evaluating the performance of
our climate model.
Other missions
Future data from Cloudsat and EarthCare are anticipated with interest, since these will
give the first reliable information on the vertical structure of clouds.
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UNITED STATES OF AMERICA

There are many examples of R&D satellite usage in NOAA for operational benefit, early
experience with future capabilities, and risk reduction in developing future sensing systems. Some
examples follow.
1.

CURRENT R&D SATELLITE MISSIONS/SENSORS

1.1

Specific satellites/instruments
Terra / MODIS

NASA’s Moderate-Resolution Imaging Spectro-radiometers (MODIS); one on Terra since
1999 and another on Aqua in 2002, is designed to measure biological and physical processes on a
global basis every 1 to 2 days. This multidisciplinary instrument is yielding simultaneous,
congruent observations of atmospheric (aerosol and cloud properties, water vapour and
temperature profiles), oceanic (sea-surface temperature and chlorophyll), and land surface
features (land-cover changes, land-surface temperature, snow cover, and vegetation properties).
A NOAA MODIS demonstration system is producing MODIS science data, and products
routinely in real time. These include surface products (ice, vegetation), hazards (fires, volcanic
ash), and ocean products (SST, ocean colour), for use by NOAA and other users. MODIS is being
used as risk reduction for future operational systems.
A recent example of the utility occurred during significant freezing rain on 31 January
2002 that resulted in a 1-3 inch coating of ice across parts of Oklahoma, Kansas, and Missouri.
Subsequent dusting of snow was hiding the ice below except in the MODIS visible, near IR, and IR
window composite image (see figure 1). Through a web site located at NOAA’s Cooperative
Institute at the University of Wisconsin, forecasters are getting early exposure to operational
capabilities of the future.
QuikSCAT / SeaWinds
NOAA produces ocean surface wind vectors for use by NWS for operational forecasts. As
a culmination of a joint research and development project by the National Centers for
Environmental Prediction Environmental Modeling Center (NCEP/EMC), the NASA Data
Assimilation Office (DAO), and NOAA NESDIS, under the auspices of the recently created
NASA/NOAA Joint Center for Satellite Data Assimilation, NCEP implemented QuikSCAT surface
winds operationally on 15 January 2002. These data are being processed and provided in real
time to NCEP through NOAA NESDIS and NASA. In pre-implementation testing with its
operational resolution (75 km horizontally) data assimilation system, NCEP obtained positive
impact of QuikSCAT data on 10-metre wind and sea level pressure forecasts. These positive
impacts resulted from the development of refined quality control techniques, which took more than
a year to develop, test and implement. Further development of QuikSCAT data using
sophisticated neural network techniques is expected to improve these positive impacts in future
implementations at NCEP. The maximum impact of QuikSCAT data is on oceanic surface fields,
the 10-metre wind and means sea level pressure. Summary tables of QuikSCAT data impacts
show 3-8% improvement in 24-96 hour forecasts of 10 metre wind in the mid-latitudes (Table 1), 217% in mid-latitude sea level pressure (Table 2), and 2-7% in tropical surface wind forecasts.
Surface winds are an important component for ocean forcing, wave generation and sea state
conditions globally.
NOAA also produces ice products over the polar regions, which are used in ice analyses
by the National Ice Center.
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TRMM / Precipitation RADAR (PR), Microwave Imager (TMI), VIRS
NASA has been flying the TRMM Microwave Imager. This multi-channel (10.7, 19.4, 21.3,
37, and 85.5 GHz) dual polarized radiometer is providing measurements useful for estimating
rainfall rates over oceans. Also on board are Visible Infrared Scanner (VIRS) measurements in 5
spectral bands (0.63, 1.6, 3.75, 10.8, 12 µm) at 2 km nadir resolution. These data are being used
in combination to estimate precipitation locations and amounts. When the onboard Precipitation
Radar (PR) is used precipitation profiles can be estimated.
NOAA/NESDIS is developing algorithms for retrieving aerosol size parameter and a more
accurate estimate of aerosol optical depth from the TRMM VIRS instrument. Algorithms are being
developed for the TMI to improve rainfall rates over land. The goal is a unified rain-rate algorithm
for use with all passive microwave instruments, but especially in preparation for use with the AMSR
instrument on Aqua and ADEOS-II. The PR data are used to validate the TMI algorithms.
RADARSAT / Synthetic Aperture RADAR (SAR)
RADARSAT-1 launched in 1995; is equipped with synthetic aperture radar (SAR) and is
proving to be useful in a variety of fields, including disaster and environmental monitoring. It has
been used primarily by the USN/NOAA/USCG National Ice Center in ice analyses.
TOMS-EP/TOMS (before malfunctions prevented access to near-real time TOMS
data)
The Total Ozone Mapping Spectrometer (TOMS) flew on Nimbus-7 and provided critical
image data that confirmed the existence of the Antarctic ozone hole. The Nimbus-7 TOMS lasted
into the 1990s and was replaced subsequently by TOMS sensors flying on a Russian Meteor
spacecraft, the Japanese ADEOS, and a NASA Earth Probe. The TOMS equivalent capability will
be continued with the flight of the Dutch provided Ozone Mapping Instrument (OMI) on NASA’s
Chemistry mission in 2002 and subsequently the Ozone Mapping and Profiler Suite (OMPS) on
NPOESS, being developed for flight on afternoon (1330 ascending) NPOESS platforms.
Total Ozone Monitoring Spectrometer (TOMS) data have been used by NOAA to track
and forecast the location of volcanic ash plumes.
Orbview-II / SeaWiFS
NOAA purchases several scenes per year of SeaWiFS data to aid in the monitoring of
algal blooms and other coastal hazards in support of NOAA’s CoastWatch Program.
Topex Poseidon / Altimeter
Altimeters flown in the 1990’s have provided a major quasi-operational contribution.
Currently, altimeter data from Topex/Poseidon and ERS-2 are processed by the NOAA Laboratory
for Satellite Altimetry (LSA) in near-real time and distributed to users within the NOAA National
Weather Service, the National Ocean Service, and the National Marine Fisheries Service for
operational atmosphere, ocean, and fisheries applications. Altimeters measure the oceans’
topography, which provides information on the ocean current velocity, the sea level response to
global warming/cooling and hydrological balance, the marine geophysical processes (such as
crustal deformation), and the global sea state. Although the altimeter measures wind speed and
wave height, its primary purpose is to collect global observations of sea level. This parameter can
be interpreted in various ways depending on the application. As a measure of heat stored in the
upper layers of the ocean, sea level observations are routinely assimilated into ocean models to
improve forecasts of El Niño and hurricane intensity. Sea level can also be interpreted as a
measure of surface current velocity, and in this form altimeter data contribute to NOAA
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programmes that monitor and predict open ocean currents and coastal circulation. JASON, a joint
mission between France and the USA launched in 2001, will monitor the global ocean with a solid
state radar altimeter (POSEIDON-2), a Doppler tracking system receiver (DORIS), a Microwave
radiometer, a GPS tracking receiver, and a laser retro-reflector array. A JASON-2 mission is
expected to follow-on to the JASON-1 with European and USA R&D (CNES, NASA) and
operational organization (EUMETSAT, NOAA) participation. NOAA is also planning to manifest an
operational dual frequency microwave radar altimeter for its morning (0530 descending) NPOESS
platforms.
ACE / Solar Wind
Severe geomagnetic storms cause communications problems, abruptly increase drag on
spacecraft, and can cause electric utility blackouts over a wide area. The location of ACE at the L1
libration point between the earth and the sun will enable ACE to give about a one hour advance
warning of impending geomagnetic activity. NOAA has arranged for the transmission of a subset
of data from four ACE instruments during the times when ACE is not transmitting its full telemetry
to the Deep Space Network. For about 21 of 24 hours per day, ACE sends data (~464 bps) to
NOAA operated ground stations. During the other three hours when NASA is getting high rate
data through the Deep Space Network, NOAA receives a copy of the real time data. NOAA
processes all the data (using algorithms provided by the ACE experimenters) at its Space
Environment Center in Boulder, Colorado, which issues warnings of expected geomagnetic
activity. The four ACE instruments and the data they will supply are:
EPAM
MAG
SIS
SWEPAM

-

Energetic Ions and Electrons
Magnetic Field Vectors
High Energy Particle Fluxes
Solar Wind Ions

2.

FUTURE R&D SATELLITE MISSIONS/SENSORS

2.1

Specific satellites/instruments
Aqua / AIRS (AIRS, AMSU, HSB temperature and humidity soundings)

In 2002 AIRS will provide the first hyperspectral infrared data for operational weather
forecast model use. NOAA has arranged for real time transfer of the global radiance data to NCEP
for use in their Global Data Assimilation System (GDAS). Forecast impact will be studied and
assimilation experience will be gained.
WindSat Coriolis
The WindSat/Coriolis mission is an interagency cooperation success story. The Naval
Research Lab, with cooperation from NASA, the Air Force, and the NOAA/NASA/ U.S. Department
of Defense Integrated Program Office, is demonstrating the concept of polarimetric radiometry to
measure ocean surface wind speed and wind direction by modifying a space test programme
satellite bus for the WindSat/Coriolis payload. The WindSat/Coriolis mission will measure the
ocean surface wind field at a horizontal resolution of 25 kilometres using a 1.9-metre diameter
reflector that is almost three times as large as the antenna on the DMSP Special Sensor
Microwave Imager (SSMIS).
Capability/Improvements: measure ocean surface wind direction (non-precipitating
conditions), 25 kilometre spatial resolution.
Secondary Measurements: sea surface temperature; soil moisture; rain rate; ice and
snow characteristics; water vapour.
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GIFTS (Geostationary Imaging Fourier Transform Spectrometer)
In 2005, with the launch of the NASA Geostationary Imaging Fourier Transform
Spectrometer (GIFTS), NOAA will be introduced to a new era of geostationary remote sensing.
This new system will expand the geostationary satellite capabilities in support of NOAA
programmes, both operational and research. NASA will be conducting a GIFTS technology
demonstration and measurement validation. NOAA will be investigating the production of
meteorological products and a near real time demonstration of operational utility of the new GIFTS
data. The NOAA efforts will be to assure the viability of GIFTS products, to develop advanced
products, and to ensure integration of the improvements into NWS and NESDIS future operations.
Product assessment and assurance is an ongoing effort and must continue to receive high priority
so that the opportunities offered by the new geostationary sounding systems for supporting
NOAA's mission will be realized.
NOAA participation in the GIFTS technology and data demonstration represents a risk
reduction activity in the design of the NOAA GOES Advanced Baseline Sounder and the
development of associated algorithms. NOAA is evolving their GOES sounding capability to
produce three dimensional depiction of temperature and moisture with better vertical resolution,
horizontal resolution, temporal resolution, and broader spatial coverage.
NPP (NPOESS Preparatory Project)
The National Polar-orbiting Operational Environmental Satellite System (NPOESS) is a
joint DOC/NOAA, DoD and NASA programme merging the current POES & DMSP systems into a
common system of polar satellites with the goal of providing meteorological, atmospheric,
oceanographic, terrestrial, climate, space environment and other environmental data products
operationally. In order to achieve these goals, NPOESS must produce accurate and precise longtime series of radiometric measurement data from multiple instruments on multiple platforms.
Understanding and correctly interpreting these data require the ability to separate geophysical
variability from instrument response changes in the observed signal during the missions. This
requires a detailed pre-launch, system-level instrument characterization, as well as extensive inflight calibration and validation activities.
NOAA and NASA are planning an NPOESS Preparatory Project (NPP) for launch in 2005
to implement and demonstrate a satellite platform, proto-flight instruments, ground data system,
command and control system, and algorithms for Environmental Data Records (EDRs) and
Climate Data Records (CDRs). It is a bridge between NASA EOS era science measurements and
the start of NPOESS full operational capabilities. NPP provides a linkage between EOS
instrumentation and the NPOESS series of instruments. NPP strives to use equipment and
procedures developed for EOS instrumentation and POES/DMSP instrumentation for both prelaunch and post-launch testing. NPP is a most significant example of R&D satellite data being
used to prepare for operational systems.
Other anticipated systems include:
Aqua / AMSR (land, precipitation), CERES (Earth Radiation Budget)
Aura / HIRDLS, MLS, OMI, TES (ozone, trace gases, volcanic ash)
ADEOS-II / SeaWinds, GLI (Ocean Color), AMSR (land, precipitation)
ENVISAT / SAR (Ice), MERIS (Ocean Color)
RADARSAT-II / SAR (Ice)
ALOS L-Band SAR
GCOM / Alpha SCAT (ocean surface winds), AMSR follow-on, GLI follow-on
These will receive considerable attention as NOAA learns from R&D systems to prepare for
operational ones.
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Table 1
RMS vector 10 metre wind forecast errors (m/sec) with respect to mid-latitude deep ocean buoys
for the forecast period from 2 October to 10 November 2001, based on 40 forecasts from a 45 day
run of the NCEP Global Data Assimilation System (GDAS)
Forecast Hour

No. of Buoys

OPNL (w/o)

With
QuikSCAT

Improvement
(%)

F06

1487

3.10

3.08

1.0

F24

1479

3.94

3.63

7.9

6.6

F48

1480

4.44

4.29

3.4

7.2

F72

1477

5.46

5.08

7.0

8.9

F96

1449

6.16

5.99

2.8

5.8

F120

1450

6.96

6.94

0.3

0.6

Improvement
(hours)

Table 2
RMS mean sea level pressures forecast errors (mb) with reference to mid-latitude deep ocean
buoys for the forecast period from 2 October to 10 November 2001, based on 40 forecasts from a
45 day GDAS experiment.
Forecast Hours

No. of
Buoys

OPNL (w/o)

With
QuikSCAT

Improvement
(%)

F06

1830

1.15

1.13

1.7

F24

1816

1.91

1.59

16.8

7.6

F48

1821

2.43

2.19

9.9

11.1

F72

1818

3.07

2.87

6.5

8.4

F96

1800

3.71

3.63

2.2

3.0

F120

1763

4.18

4.18

0.0

0.0

Improvement
(hours)

Table 3
RMS vector 10-meter wind forecast errors (m/sec) with reference to TOGA deep ocean buoys for
the forecast period from 2 October to 10 November 2001, based on 40 forecasts from a 45 day
GDAS experiment.
Forecast Hours

No. of
Buoys

OPNL (w/o)

With
QuikSCAT

Improvement
(%)

F06

510

3.04

3.02

0.7

F24

494

3.35

3.26

2.7

5.6

F48

492

3.81

3.55

6.8

13.6

F72

493

4.37

4.15

5.0

12.0

F96

483

4.58

4.61

-0.7

3.4

F120

489

5.33

5.22

2.0

3.5

Improvement
(hours)
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Figure 1: Significant freezing rain on 31 January 2002 resulted in a 1-3 inch coating of ice across
parts of Oklahoma, Kansas, and Missouri. Some of the ice-covered ground later received some
snow cover, hiding the ice in the visible (top). However, the 1.6 micron near-IR data shows the
true areal extent of the ice-covered ground (dark enhancement, middle). The MODIS VIS, NIR,
IRW composite delineates the ice-covered ground that was later covered with some snow.
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UZBEKISTAN, REPUBLIC OF

1.

CURRENT R&D MISSIONS/SENSORS

1.1

Specific applications

Satellite information is subjected to automated pre-processing, using the ERDAS Imaging
package, and is then used for short-range weather forecasting. The object of analysis and
forecasting is synoptic scale cloud formations mainly linked to fronts and cyclones. The SPUTNIK
automated system, developed within Glavhydromet's Meteoinform system, permits the
objectification of the procedure for forecasting the movement and development of synoptic scale
cloud formations shown on satellite film. The forecasting method is based on the use, not only of
satellite images over a series of consecutive periods, but also of fluid-dynamical forecast data at
levels 700 and 500 hPa in the GRID code.
In Central Asia, in winter, an assessment is conducted, based on satellite images, of the
snow cover on flat areas (the area of snow coverage and the dynamics of the snow line).
Photographic material from meteorological satellites is used to determine the area of snow
coverage and height of the snow boundary in the mountains of Central Asia in river basins of from
10 to 10 sq. km in area.
Within the framework of automated multispectral information processing, AVHRR data
allow us to measure the plant mass in desert and semi-desert pastureland, and to estimate the
likely yield of grain crops from dry-farming areas. The accuracy of AVHRR satellite data as
regards the technologies for estimating plant mass and grain crops was obliquely verified using
data on actual harvests obtained from the Statistics Office. The results showed that the deviation
between forecast and actual harvests is no greater than 18% of allowable error.
Technology has been developed for processing AVHRR data with a view to estimating the
areas of lakes and reservoirs, the extent to which they are overgrown, the ice situation on large
bodies of water, the dynamics of plant growth and of areas of high salinization in the part of the
Aral Sea which has dried up.
The problem of the atmospheric aerosol as a factor in climate formation is currently
guiding work on developing methods for remote aerosol sensing from space - this is our only hope
of obtaining world-wide information on the naturally occurring and man-made aerosol. This
circumstance has led us to begin research in the field of developing and applying methods of
remote aerosol sensing from space. These methods are based on semi-empiric methods of
quantitative evaluation of aerosol content in accordance with satellite data, and on a method of
regularising the inverse problems of establishing aerosol characteristics from space and land
observation data.
It may be possible to use the stream of negative radiation entropy on to the planet as an
integral measure of the processes taking place on it. An assessment of the stream of negative
radiation entropy on to the Earth can be done only with satellite measurements of the spectral
intensities of the arriving and reflected sun's radiation, and planetary radiation given off by the
Earth itself. It is, therefore, proposed to use the said satellite data for an assessment of the various
physical processes on Earth, with particular emphasis on ecological research.
Short-range hydrological forecasts of the runoff from the Syrdar'ya basin have been
developed using satellite data, and indeed are being used in practice. In forecasting river runoff,
computer technologies are applied, using geo-information systems.
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Satellite information is also used in conducting research into natural features (bodies of
water, arid zones) to reveal regularities in their dynamics, and in formulating recommendations for
conservation measures.
We are exploring the possibility of using low-resolution satellite information to monitor high
altitude glaciation in the mountains of Central Asia.
3.

POINTS OF CONTACT
Dr V. E. Chubb
Permanent Representative of Uzbekistan with WMO
Main Administration of Hydrometeorology
72, K. Makhsumov Street
TASHKENT 700052
Uzbekistan
Tel:
+ 998 71 133 6180
Fax:
+ 998 71 133 2025
Email: uzhymet@hmc.tashkent.su
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PART II
METEOROLOGICAL SATELLITES AND WMO PROGRAMMES
1.

INTRODUCTION

It is intended that the following pages should provide a clear overview of the relevance of
meteorological satellites to all WMO programmes in the first decades of the 21st century. Already,
by the first years of that century, just 40 years after the launch of the first meteorological satellite in
1960, it would be hard to find any programme or project that does not use or depend on satellite
data in one form or another. Uses include training, operational meteorology, climate studies and
models, agro-meteorology and oceanography.
The subject matter of this chapter is so wide that careful consideration had to be given to
its structure. One possibility would have been to organize the contents in terms of relevant WMO
programmes. However many programmes use the same kinds of data, so there would have been
a high degree of duplication, or the fragmentation of information between sections. The same
argument applies to a structure organised by discipline, for example separating meteorology from
oceanography. Furthermore, these disciplines are coming closer together because of the need to
consider the earth system as a whole. To avoid these difficulties, the main part of this chapter has
been structured in terms of the types of satellite observation that have already been found to be
feasible and useful. The observation types include those already measured by fully operational
meteorological satellite systems as well as by pre-operational, demonstration, or research
satellites. During the next decades these existing capabilities will be refined, improved and will
migrate from their demonstration and pre-operational phases into full operational use. New
observational types will certainly be introduced during the first decades of the century and are
described in other chapters, but existing capabilities are more than enough to fill the present
chapter.
The observation types are grouped into sections concerned with observations of the
atmosphere, ocean surface, land surface, and climate monitoring. These sections are followed by
a few examples of the many applications that make extensive use of satellite data. The overview
would not be complete without a brief discussion of data delivery and training. This introduction
also includes a short discussion of the background science intended to put the following pages into
perspective, and to avoid repetition under several headings.
1.1.

Some Capabilities

The potential for satellites to contribute to WMO programmes is truly remarkable, with
measurements that address many of the observational requirements of the WMO across a wide
range of disciplines. As well as cloud imagery, which itself is becoming more and more
quantitative in nature and in utilisation, satellites provide a wide variety of essential data. For the
atmosphere they measure the temperature and humidity, from the surface to over 40 km, as well
as winds, precipitable water, precipitation, concentration of ozone and other trace gases. They
also observe aerosols, dust and volcanic ash. Over the oceans they measure surface temperature
and winds, ocean levels and waves, ice cover and sea-surface biology. Over land surfaces they
observe vegetation and snow cover, floods, forest fires and other parameters as well as
contributing to the monitoring of crops and drought conditions. Additional products are designed
specifically for monitoring the global climate and the detection of climate change. All of this and
more is documented in the following pages.
Most, if not all, of the satellite products provide better data coverage than any alternative.
They can provide global data coverage on a timely basis (Figure 1.1) and this is one of their main
advantages. There are few conventional observations from the world's oceans, which cover some
70% of the planet. Few observations are available from deserts, forests, Polar Regions or other
sparsely inhabited parts of the planet. Global data are essential for many disciplines, and satellites
offer the only practical solution to the requirement. In many cases this is achieved with remarkable
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accuracy. Surface winds over the oceans can be measured with accuracy comparable to that of
ship observations. Ocean levels can be determined with an accuracy of a few centimetres, the
temperature of any part of the atmosphere, anywhere in the world, can be measured with
accuracies that make them useful inputs to numerical models. In many cases these levels of
performance have been reached with first or second-generation instruments: even greater
precision and usefulness is expected from planned new instruments.

Figure 1.1: Composite image obtained from the global system of operational
meteorological satellites in polar and geostationary orbit. It shows global cloud cover, sea surface
temperatures, land surface temperatures and ice cover. Global images such as these are
generated on a routine basis, updated every three hours (CIMSS).
1.1.1

Some Limitations

These remarkable capabilities do not mean to say that satellite data are easy to use, or
fully meet all WMO requirements as regards accuracy, coverage, resolution or timeliness. One
important lesson to be recognized is that satellite data are totally different in character from in-situ
data and have to be used in ways that reflect their characteristics. This increasingly means
adapting the application methodology to suit the data, rather than the reverse. Thus, instead of
inverting satellite radiances into atmospheric temperatures, to be used as if they came from
balloons, atmospheric models are now adapted to use the radiances directly. Some observations,
such as vegetation indices, have no direct surface-based counterpart and must be used
imaginatively in order to be of value. Often, many years of research are needed in order to use
new forms of satellite data to best advantage. The flight of preoperational or demonstration satellite
missions provides the opportunity for such research before the data are put into full operational
use, but new techniques and completely new applications are often discovered only after many
years of operational use. New uses for cloud imagery are still being developed after four decades
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of routine use, taking advantage of the improving spectral resolution of new generations of
satellites and the vastly improved capabilities of computer systems.
A particular advantage of satellites is that one instrument can observe the entire planet
once or twice within a period of 24 hours. This has the important benefit that there are no interregional calibration errors. It also has the disadvantage that an error in the calibration of a single
instrument, or in its data handling, may have serious consequences. All satellite data must be
used with extreme caution to avoid this kind of problem affecting the application. Particular care
must be taken with instrument calibration, both before launch and during operations. This is not, of
course, as simple as comparing a thermometer or barometer with a standard instrument. The
instruments on meteorological satellites are extremely sensitive, able to detect and measure
reflected or thermal radiation from an altitude of around 800 km for polar satellites and 36,000 km
for satellites in geostationary orbit. Sensors in some instruments need spectral resolutions of only
a few nanometres, and have to be calibrated in respect of that requirement. The stability of
calibration over time has to be ensured, with particular attention to continuity of calibration between
instruments on successive satellites. This is obviously of crucial importance for climate
measurements.
1.1.2

The Global Perspective

Although all satellite data must be used with due caution and proper regard for what they
represent, this does not alter the fact that these data have become essential tools for many
programmes. This gives encouragement to the development of further improvements over the
coming decades, many of which are described in other chapters of this document.
As previously indicated, one of the distinctive characteristics of satellite data are the global
coverage they facilitate. Figure 1.1 gives an example of a mosaic constructed with data from a
constellation of meteorological satellites, but it is worth recalling that a single satellite in polar orbit
can provide global coverage twice in each 24 hour period with many of its sensors.
This would be of limited use to many meteorological services around the world if the data
would be inaccessible. This is generally not the case with the operational meteorological satellites,
which all have comprehensive data broadcast capabilities. Virtually every meteorological centre in
the world has at least one receiver for the direct reception of satellite data (Figure 1.2). With these
facilities transmissions can be received directly from the nearest geostationary satellites, providing
quasi-continuous cloud imagery. These transmissions often include other types of meteorological
data as well as imagery from other satellites. Operational polar satellites also broadcast data
continuously as they orbit the earth, providing local high-resolution data as they pass the receiving
station three or more times in each 12-hour period.
Reception of data from pre-operational and demonstration satellite missions is generally
restricted to one central ground station and a few licensed sites, but increasing amounts of
processed data are being made available over the WMO’s GTS and over the Internet. This is
welcome, but there is certainly room for further improvements in this regard to improve the early
utilisation of new forms of data.
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Figure 1.2: Distribution of user stations of WMO Member States in Spring 2001 (WMO)
1.1.3

Data Continuity

As a last remark in this section it is essential to stress the need for data continuity for most
WMO programmes. Increasing reliance on satellite data for operational applications means that
long gaps in the supply, due to a failed satellite for instance, could have a very serious impact.
Continuity of observations for climate monitoring is also obviously of great importance. In many
cases great efforts have been made to ensure continuity through contingency plans and in-orbit
spare satellites, but this is not invariably the case. A single instrument on a single satellite may
provide excellent data of great use, but is subject to high risk. An urgent appeal is registered for
appropriate initiatives.
1.2

Background Science

This section is included as optional reading. It is intended to provide a very limited amount
of background information of relevance to the chapters that follow, about different aspects of
satellite utilisation. It may serve as an introduction to the subject to those new to remote sensing
and a convenient reminder to7 readers with more experience in this subject. Please refer to the
Annex for more details.
Most satellite sensors work by detecting reflected or emitted radiation from the
atmosphere, from the clouds or from the surface of the sea and land. They are passive sensors;
that is to say they merely “watch” or “listen to” the planet from afar. A further class of instruments
are active; they emit pulses of energy in the same way as radar and detect the back-scattered
responses. This section introduces the background for passive sensors, while active instruments
are described briefly on an individual basis in later sections.
Electromagnetic radiation covers a very large range of wavelengths, but the wavelengths
of primary importance to remote sensing from space range from the ultraviolet (UV), which has
wavelengths of from 0.3 to 0.4 µm, up to the microwave wavelengths of about 100 mm (usually
expressed as a frequency of 3 GHz).
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This spectral region divides conveniently into two parts, the short-wave and long-wave
regions, corresponding respectively to reflected solar radiation and thermal emissions from the
earth and its atmosphere. The sun's radiating temperature is about 6000 K. The earth's radiating
temperature is at the much lower temperature of about 280 K, so the radiant energies from the two
sources falls in distinctive regions of the spectrum with very little overlap (Figure 1.2.1). The shortwave region corresponds to the ultraviolet, visible and near-infrared parts of the spectrum. Most of
the energy in the long-wave region falls in the infrared between 5 µm and 50 µm.

Figure 1.2.1: Blackbody spectra, at temperatures representative of the sun (left) and the
earth (right).

Figure 1.2.2: Atmospheric absorption spectra at ground level (lower curve) and at a height
of 11 km (upper curve), for the visible and infrared parts of the spectrum. The peaks in
the curve show regions useful for measuring atmospheric quantities. The valleys
represent the so-called atmospheric windows, useful for measuring surface features and
clouds.
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At microwave wavelengths the energy available is much lower but useful information can
still be obtained with appropriate very sensitive detectors.
The atmosphere is not uniformly transparent to radiation (Figure 1.2.2). Remote sensing
of the surface and clouds takes place in the so-called window regions where transmission is high
(for example in visible wavelengths and at around 11 µm in the infrared).
Conversely, remote sensing of the atmosphere takes place in regions where radiation is
absorbed and emitted by the gas molecules of the atmosphere.
The basic properties of satellite data for direct qualitative use are very easy to state and
understand. Visible radiation centred around 0.7 µm is sunlight reflected by clouds and the surface
of the earth and is therefore available only during daytime. Infrared radiation, centred around 15
µm, is generated by the heat of the earth and its atmosphere, and is therefore available day and
night. Clouds are generally colder than surface features, so that images in this region of the
spectrum can be readily interpreted. There is only a very small overlap between the visible and
infrared regions (Figure 2.1), at around 4 µm. In this small region there can be significant
differences in radiative intensities between day and night, leading to interesting and useful effects.
Microwave radiation is also of thermal origin, at much longer wavelengths. Nonprecipitating clouds are almost transparent to microwave radiation, which is however attenuated by
ice particles and large water droplets. These characteristics make microwave frequencies useful
for monitoring both precipitation and the surface of the earth, even in dark, cloudy, conditions.
Beyond this simple description, many complex factors have to be taken into account in
using satellite data for quantitative products. For visible, reflected light, the amount of radiation
depends strongly on the reflectance of the particular source. This is made obvious in the visible
images, where clouds and snow clearly reflect much more energy than the oceans and most land
surfaces. Another important example is the high reflectivity of healthy growing plants in the
spectral region above 0.65 µm. Valuable information on vegetation growth can be obtained by
comparing the received radiation above and below this value.
The intensity of infrared radiation derives from the temperature and emissivity of the
source. Radiation reaching the satellite from the surface and lower part of the atmosphere will be
attenuated to a greater or lesser extent by the higher parts of the atmosphere. In some parts of the
spectrum the atmosphere is almost transparent; these regions are known as atmospheric windows,
the most useful of which is around 11µm (Figure 1.2.2). Instruments tuned to this wavelength can
measure the temperature of the surface, although, even in this window, adjustments for
atmospheric effects are still essential to ensure accurate results.
In other parts of the spectrum the atmosphere is less transparent. Here the satellite
instrument may not see the surface at all, but instead sees the radiation emitted at specific
wavelengths by the various gas molecules in the atmosphere. Carbon dioxide, for example,
radiates in the 15-µm band. Because it is uniformly mixed in the atmosphere, the variation in
radiation reaching the satellite is due largely to the variation in temperature of the gas. By carefully
selecting specific parts of the spectrum with different absorption properties, it is possible to deduce
the vertical temperature structure of the atmosphere.
Conversely, when the gas is not uniformly mixed in the atmosphere and the temperature
is known, then the variation in concentration can be deduced. For example, the concentration of
ozone can be monitored at about 9 µm. Water vapour can be seen at around 7 µm, as well as at
around 183 GHz in the microwave region.
There is no simple linear relationship between the radiances measured by the satellite
and the quantities of interest in the atmosphere. Figure 1.2.3 shows the so-called weighting
functions for some of the channels of one atmospheric sounding instrument. These curves are the
response of the various channels as a function of atmospheric pressure. Two things are obvious.
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Firstly, the response curve for each individual channel is very broad, covering a great depth of the
atmosphere. Secondly, the curves overlap to a considerable degree. The challenge of remote
sensing science is to disentangle the data arising from such response curves and infer quantities
such as atmospheric temperature, humidity or concentration of trace gases. The challenge for
satellite instrument engineers is to develop instruments with more channels having sharper
weighting functions.

Figure 1.2.3: Weighting functions for the long-wave CO2 channels of the HIRS sounding
instrument as a function of atmospheric pressure. Note how broad each line is, covering
a huge depth of the atmosphere.
All of these techniques require very careful selection of sensors that can discriminate the
precise wavelengths associated with emissions of each type of molecule. Each sensor has to be
meticulously calibrated, and the data from each sensor interpreted carefully in terms of the many
phenomena that determine the precise intensity of the measured radiation, such as the
temperature and amount of absorbing gases and the presence of cloud.
2.

OBSERVING THE ATMOSPHERE

2.1

Cloud Imagery

Cloud imagery has been one of the key products of meteorological satellite systems since
first demonstrated back in 1960. New applications continue to evolve. Cloud images observed in
the visible and infrared parts of the spectrum (Box 8.2.1) are seen by hundreds of millions of
people daily, as one element of the routine forecasts presented on television. Cloud images give
an unsurpassed synoptic view of the entire planet, updated many times each day, observing the
restless atmosphere on an almost continuous basis. The same images reveal also many aspects
of the global circulation and climate. The type and distribution of clouds influences, and is
influenced by, climate change, and must be taken into account in any climate study.
Cloud imagery is provided by both polar orbiting and geostationary meteorological
satellites, the former containing more detail, but the latter providing more frequent data.
Figure 2.1.1, for example, is a randomly chosen visible image from the Meteosat
geostationary satellite. Similar images are available during daylight hours from five operational
satellites covering the entire planet, except for the polar regions, at intervals of as short as 30
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minutes. This example shows storm cloud clusters in West Africa, a classical depression off
western Europe, with convective clouds in the cold air further west, a series of frontal zones in the
Southern Ocean, the cloud-free regions of the great deserts of the region, and many other
features.

Figure 2.1.1:
(EUMETSAT

Full disk image from Meteosat, visible channel, at midday on August 1986.

Images such as this are made available to forecasters within minutes of the time of
observation, providing a unique perspective of the world’s weather. It is important to realise that
such images carry huge amounts of information; in this example the original covers an array of
5,000 x 5,000 pixels, or some 25 Mbytes. Areas can be selectively zoomed (Figure 2.1.2) or used
quantitative products.
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Figure 2.1.2 Enlarged detail from Figure 2.1.1. (EUMETSAT)
Visible images are generally available only during daylight hours (although some highly
sensitive radiometers can produce imagery even by moonlight), but image acquisition continues
both by day and by night using infrared imagery. Figure 2.1.3 is a night-time image from Japan’s
GMS satellite. Clouds are colder than the surface, so show up clearly. At night the temperature of
the land is not very different from that of the sea, so there are no strong features visible. During
the day the temperature of the land surfaces increase and they become very dark in colour.
Cloud imagery is exchanged routinely by the satellite operators, making it possible to
generate global mosaics, such as that shown in Figure 2.1.4 on an operational basis, showing the
world’s weather patterns at a glance.
Clouds are of immense importance to many WMO programmes, including NWP activities
and climate studies. The importance of cloud imagery will continue to grow as these activities
develop further. Efforts will be made to use cloud information directly in NWP Models, using future
developments of the Variational Analysis schemes outlined elsewhere.
Basis of technique:
2.1 Cloud Imagery
Two main processes are used to observe clouds in the atmosphere. The first observes the sunlight reflected from the tops of clouds. A typical imager would use radiation in the range 0.4 to
1.1 μm. The optical effect is as if a normal camera had been used, loaded with black and white
film. The second process observes the thermal radiation emitted by clouds (and by all bodies at
temperatures above absolute zero) in the infrared part of the spectrum. The intensity is
proportional to the fourth power of the absolute temperature. Clouds are usually colder than the
underlying surface, so they show up on the thermal images. A typical instrument observes
radiation in the infrared part of the spectrum at around 11 μm. This is chosen because it is close
to the wavelength at which maximum amounts of energy are emitted (around 15 μm) and
because there is a so-called atmospheric window around this wavelength. Within a window the
atmosphere is almost transparent to the thermal radiation and has the minimum (though nonnegligible) effect on the radiation reaching the satellite. Imagers operating at around 4 μm are
dominated by sun-light during the day and thermal radiation at night. They have special
purposes, being especially useful for the identification of forest fires. Instruments may observe
two or more distinct visible channels and several thermal infrared channels. The former may
help to distinguish water droplets from ice, or cloud from land, or growing plants from dormant.
Multiple infrared channels may be used to help reduce the effects of atmospheric attenuation on
the final products. No meteorological satellite yet observes the scenes in full colour, but false
colour may be added during ground processing as an aid to visual presentation.
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Figure 2.1.3 Full disk image from Japan’s GMS-5 satellite for 5th June 2001 at 10:24
UTC. (FNMOC)

Figure 2.1.4: Global mosaic of infrared images constructed from data from five satellites;
2 x GOES, 2 x Meteosat and one GMS. (Planeta)
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2.2

Temperature and Humidity

Figure 2.2.1: 500 hPa temperatures derived from the NOAA-15 satellite over a 24 hour
period on 2 June 2001. (NOAA/NESDIS)

Figure 2.2.2 500 hPa humidities derived from the NOAA-15 satellite over a 24 hour
period on 2 June 2001. (NOAA/NESDIS)
Knowledge of the three-dimension structure of atmospheric temperature and humidity is
absolutely vital for many applications and WMO programmes. In densely populated land areas,
profiles of temperature and humidity are available with good accuracy from radiosonde data and
other conventional observations. However, over most of the world the data coverage of
conventional measurements is far from adequate. In these areas satellite data offers the only
possibility of completing the data coverage with the necessary resolution; horizontal, vertical and
temporal.
Great progress has been achieved in addressing the goal of adequate global coverage
with useful accuracies. Satellite derived profiles of temperature and humidity were first
demonstrated in 1972, and have been continuously available on an operational basis since 1978,
giving much improved data coverage over the oceans and other data sparse regions of the world.
Figure 2.2.1 and Figure 2.2.2 show examples of global maps of atmospheric temperature and
humidity for the middle part of the atmosphere using 24 hours of data from one satellite. Similar
charts can be generated at any level of the atmosphere. Box 2.2 shows a schematic of one
method of retrieving the required parameters from the original radiances.
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By the 1980s several problems had been identified with the initial approach to the use of
satellite temperatures and humidities for Numerical Weather Prediction in particular. The most
immediate concern was that errors in the retrieved parameters could be unacceptably high in
cloudy, meteorologically active, areas. This problem was addressed through the implementation of
the AMSU microwave sounders on NOAA satellites from 1998. These microwave sounders can
see through cloud and thus improve the retrievals in cloudy areas. The second problem was that
the first generation of operational instruments had rather poor vertical resolution and were
physically incapable of resolving the fine structure of the atmosphere. This is to be addressed by
new generations of instruments, such as IASI on EUMETSAT Metop satellites, having very high
spectral resolution (Figure 2.2.3).

Figure 2.2.3: Comparative Spectral Response of HIRS and IASI. The higher spectral
resolution of the latter will lead to much improved vertical resolution in cloud-free areas. (UKMO)
This will improve soundings in cloud-free regions, giving much improved vertical
resolution. The third problem relates to the processing of the satellite data. The classical
approach is to use inverse methods, either physical or statistical, to generate atmospheric
temperatures and humidities from satellite radiances (see Box 2.2). NWP models can then use
these data as if they were from RAOBs. However, this is essentially an ill-posed problem, with no
unique mathematical solution without the use of ancillary atmospheric data. The ancillary data
could be some form of climatology or a current forecast, used as a first guess to constrain the
retrieval. None of these sources are very helpful in meteorologically active regions and tends to
bias the results. One will bias the retrieval towards climatological values, when it is the departure
from average conditions that is of most significance. The other will bias the retrieval towards the
first guess forecast, which itself may be in error. The result in either case is that the classical
inverse retrieval process adds significantly to the errors of the processed results.
In the 1990s a radical approach was needed, and found. Instead of converting the
satellite radiances into the variables used in NWP (the classical inverse approach), the NWP
model data would be converted into simulated radiances (which can be done without ambiguity)
and compared with the observation in the radiance domain (see section 6.2). By 2000 this
approach, known as Variational Analysis, had yielded very positive results and is expected to
become the favoured way of using all forms of satellite data. Variational Analysis uses radiances,
rather than temperatures or humidities, but these parameters can still be obtained if necessary as
a sort of by-product of the analysis scheme. Figures 2.2.4 and 2.2.5 have been generated in this
way.
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Figure 2.2.4: Atmospheric Temperatures at 500 hPa obtained from NOAA ATOVS data
covering a six hour period centred on 00 UTC on 23 April 2001. (UKMO)

Figure 2.2.5: Atmospheric Humidities at 500 hPa obtained from NOAA ATOVS data
covering a six hour period centred on 00 UTC on 23 April 2001.(UKMO)

- 112 -

Basis of technique:
2.2

Temperature and Humidity

The flowchart depicts how polar orbiting sounder radiances can be transformed into sounding
data and derived products. Sounder measurements and ancillary observations shown on the
left side of the diagram are quality controlled, adjusted, and screened in a series of preprocessing steps. A library of collocated RAOB data, used to generate first guess profiles and
prepare the sounder radiances for actual retrieval of sounding profiles and derived products, are
shown on the right hand side of the diagram.
From the late 1990s an alternative way to retrieve atmospheric parameters from satellite data
has been through so-called variational analysis schemes, as outlined in section 8.6.2.

Figure 2.2.6
Schematic of the classical inverse scheme for retrieving atmospheric
temperatures and humidities from satellite radiance data. N(NCAR)

2.3

High Level Data

Figure 2.3.1: Example of a GPS/MET temperature retrieval for 28 February 1997,
together with ECMWF model data (red dots). The retrieval shows more detail than the
model. (NCAR)
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Conventional satellite sounding instruments look downwards from the satellite towards
earth, observing the upwelling thermal radiation from the atmosphere. Temperatures and
humidities are derived by separating out the information originating in deep overlapping layers of
the atmosphere. For classical instruments the layers near the top of the atmosphere are very
broad, so they can provide very little detailed information about the atmospheric structure in these
regions. This detail is vital for two reasons, first in view of the complex chemical processes at work
in the upper atmosphere and secondly in order to provide a high level point of reference, or
boundary condition, for the models used for Numerical Weather Prediction (NWP).
It was because of these considerations that the proposals for measurement of
atmospheric parameters by radio-occultation raised great interest.
Unlike conventional
approaches, instruments using this approach look through the atmosphere tangentially (Box 2.3).
The concept was first demonstrated by GPS/MET, an instrument flown on NASA’s MicroLab-1
satellite, launched in 1995. Figure 2.3.1 displays the temperature structure inferred from that
instrument, showing good agreement with the corresponding analysis and an encouraging amount
of additional detail.
The success of GPS/MET led to the implementation of EUMETSAT’s GRAS, the Global
navigation satellite system Receiver for Atmospheric Sounding, a new sounding instrument being
developed by ESA for flight on the METOP series of satellites. This will ensure long-term
continuity of this new concept. GRAS will receive signals from the Global Navigation Satellite
Systems (GNSS), including the USA's Global Positioning System (GPS), and the Russian Global
Navigation Satellite System (GLONASS). The Doppler shifts of the received signals are directly
affected by the refraction of the signal by the gradients of atmospheric temperature and humidity.
Hence, by processing the navigation signals received by GRAS, information on these parameters
can be retrieved. In the stratosphere and upper troposphere, where water vapour density is low,
refraction is dominated by the vertical temperature gradients, and the temperature profile can be
retrieved accurately. In the lower troposphere, the water vapour effects are dominant and the
water vapour profile can be retrieved.
GRAS will receive signals from each navigation satellite up to 29 times a day. With a
single instrument in operation, reception of signals from all of the navigation satellites in orbit would
result in up to 1100 atmospheric soundings each day, with an average spacing of some 700 km
(Figure 2.3.2).

Figure 2.3.2 Projected daily coverage chart for GRAS retrievals. There are very few
ground-based systems capable of providing data at up to 40 km. GRAS will give global
coverage (DMI)
The soundings will be characterised by high vertical resolution (better than 1 km, see
Figure 2.3.3) and high accuracy (around one degree Kelvin), extending up to more than 40 km
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above the surface of the Earth. As the measurements are made tangentially to the atmosphere,
the horizontal coverage of each profile is of the order of several hundred kilometres. This contrasts
with conventional sounders on METOP and other satellites, which are intended to focus more on
the lower part of the atmosphere with much better horizontal resolution. Hence, this new sounder
will be complementary to existing vertical sounders. Special data assimilation techniques will be
used to make best use of the information.

Figure 2.3.3: Retrieval of atmospheric temperatures using simulated GRAS data and a
variety of retrieval techniques, as well as the corresponding ECMWF analysis. The huge
amount of structure shown in this retrieval in the upper atmosphere is indicative of the
excellent vertical resolution possible using this technique. (DMI)
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Basis of technique:
2.3 High Level Data
The radio-occultation method for retrieval of atmospheric data was first demonstrated by
GPS/MET, an instrument flown on NASA’s MicroLab-1 satellite from 1995. Operational data will
come from GRAS - the Global navigation satellite system Receiver for Atmospheric Sounding - to
be flown on EUMETSAT’s METOP satellites. Both use the same innovative method for measuring
atmospheric temperature and humidity from space. Figure 2.3.4 shows a schematic for the GRAS
system. The METOP satellite in polar orbit at around 800 km will receive the signals continuously
broadcast by the GNSS satellites (GPS/GLONASS, 24 of each type) orbiting the Earth at an
altitude of about 20000 km.
Figure 2.3.4: Schematic of the GRAS system for
obtaining atmospheric data by radio occultation.
(EUMETSAT

The GNSS radio signals are influenced both by the electron density in the ionosphere and by the
temperature, pressure and water vapour in the atmosphere.
From the point of view of a satellite at 800 km the GNSS satellites will ceaselessly rise above, or
set behind, the horizon of the Earth. During these so-called "radio occultations", where the GNSS
and the LEO satellite are just able to "see" each other through the atmosphere, the GNSS signals
will be slightly delayed and their ray path slightly bent on the way through the ionosphere (twice)
and the atmosphere as indicated schematically in Figure 2.3.4. With precise knowledge of the
position and velocity of the LEO and GNSS satellite it is possible, using geometrical considerations
and inversion methods, to compute a profile of the atmospheric refractivity in the position where
the individual ray path has passed closest to the surface. By assumptions of hydrostatic
equilibrium, the equation of state, and a simple connection between the refractive index and
density of the atmosphere, a temperature and density profile can be computed in this location.
The largest error source in the observation and analysis method is the ionosphere, which is highly
varying in space and time. These fluctuations have a large impact on the inversion of the
observations, and knowledge of the state of the ionosphere is important for achieving good results.

2.4

Atmospheric winds

Atmospheric wind data, together with temperature and humidity, are the core requirement
for Numerical Weather Prediction (NWP) models. The winds supplement the temperatures and
humidities and are especially important near the tropics, where the geostrophic wind relationship
breaks down and winds cannot be inferred from temperature gradients.
Atmospheric winds are measured routinely from the ground by tracking balloons, but the
coverage is far from adequate from this source, with virtually no information over the oceans or
large areas of sparse population. Wind data can also be obtained from aircraft reports, but these
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are basically confined to a single level (except near airports) and limited to the main airline routes.
Huge data gaps exist. To help fill this gap, Cloud Track Winds have been generated on an
operational basis by all of the operators of geostationary meteorological satellites since the late
1970s and have contributed towards improvements in NWP results. Data are routinely available
on a quasi-global basis (Figure 2.4.1).
The principle of operations is very obvious; it is simply a question of tracking clouds from
one image to the next, measuring their velocity and determining their height. The basic technique
(outlined in Box 2.4) can be applied to clouds in both infrared and visible satellite imagery, as well
as to other tracers, such as the patterns of atmospheric water vapour, even in the absence of
cloud. It is anticipated that these Cloud Track Winds and related products will continue to form the
main source of satellite wind observations for many years to come.

Figure 2.4.1a Analysed wind patterns based on cloud tracers in Infrared images from
five satellites (2xGOES, 2xMeteosat, GMS). (UKMO)

Figure 2.4.1b Analysed wind patterns based on tracers in Water Vapour images from
two Meteosat satellites. (UKMO)
Figure 2.4.1a,b Examples of quasi-global coverage of cloud track winds routinely used
for NWP.
The products demonstrated in Figure 2.4.1 are distributed over the GTS on a resolution
suitable for global NWP models. It is also possible to produce winds with a much higher horizontal

- 117 -

resolution suitable for regional models or even for Nowcasting. An example is shown in Figure
2.4.2, derived from GOES Visible imagery, showing upper level cyclonic activity over Iowa. The
resolution is improved if the interval between consecutive images is reduced, by operating the
satellite in the so-called rapid-scan mode. Using this technique images covering a limited area can
be generated at intervals of only a few minutes, giving very high-density winds. Data from
Meteosat Second Generation (MSG), due for flight from 2003, should benefit from a 15 minute
scan interval over the full earth disk.

Figure 2.4.2: Example of high-density winds based on the Visible images of a GOES
satellite. (CIMSS)
However, useful though they are, Cloud Track Winds have several limitations: the wind
blows through some stationary clouds generated by mountains, clouds grow or dissipate as they
move, height assignment is difficult and lacks precision, the geostationary satellites (orbiting over
the equator) are not used to track clouds much beyond 55 degrees of latitude, winds can only be
obtained at a few levels in the atmosphere and only where suitable tracers are present. In short
they do not meet the need for full three-dimensional atmospheric winds on a global basis.
This requirement is being addressed through research and trials on the generation of
three-dimensional atmospheric wind-fields from Doppler Wind Lidars (Box 2.4). These should be
providing a new source of high quality atmospheric wind data within the decade around 2010.
For the present, Cloud Wind data are used in NWP models as if they were single level
data from balloons. That could change in the future, as even more powerful computer systems
become available, through the direct Variational Analysis of moving cloud patterns within the model
itself.

- 118 -

Basis of technique:
2.4 Atmospheric Winds
Cloud Track Winds
This is an operational technique used by all operators of geostationary meteorological satellites.
Consecutive images (usually a series of three) are obtained from a geostationary satellite. Usually
these images are separated in time by 30 minutes, but more detailed wind fields can be obtained if
the scan period is reduced (at the expense of coverage area). The images must first be precisely
re-mapped to avoid errors due to satellite movement. Pattern recognition techniques are then
used to identify particular cloud elements on the central image and find the same cloud elements
on the other two images. The distances that the cloud has moved between image pairs are
computed and compared, as a check on consistency. The distance moved between the first and
last image gives the wind vector. Cloud height must then be determined, usually based on infrared
values of cloud temperature, suitably adjusted for the effects of cloud transparency and
atmospheric absorption. The same technique can be used to track patterns in fields of
atmospheric water vapour, even in the presence of clouds. Other tracers, such as atmospheric
ozone, may be used in the future.
Doppler Wind Lidar
This is a promising technique that hopefully will be brought into at least pre-operational use during
the decade around 2010. It is capable of measuring the global wind field throughout the depth of
the atmosphere. A Lidar (LIght Detection And Ranging) is similar in principle to radar. It is an
active instrument that transmits light down into the atmosphere. Aerosols in the atmosphere
scatter a small percentage back to the instrument. The aerosols are tiny particles, liquid or solid,
floating suspended in the atmosphere and responsive to atmospheric dynamics - they move with
the wind. As the particle is moving relative to the instrument, then the wavelength of the backscattered light is changed by a very small amount, according to the Doppler effect. The difference
in wavelength between the emitted and scattered light, and the known velocity of the satellite, can
then be used to determine the velocity of the particle, while its altitude can be inferred from the
time taken for the light to travel down into the atmosphere and back to the satellite. The
technology is very complex but is being actively pursued by both ESA and NASA in support of the
operational requirements of EUMETSAT and NOAA respectively.
2.5

Precipitable Water

Information about the amount of water in its various forms (vapour, water droplets, ice
particles) in the atmosphere is a requirement for numerical models on all scales, from the
mesoscale to global, for Numerical Weather Prediction (NWP) as well as for Climate models. For
NWP the requirement is mainly for initialization purposes during the assimilation process. For
Climate models the main use is to verify the performance and realism of the models by comparing
monthly or longer period averages generated by the model with averages over a similar period
derived from real data.
There are many indicators of atmospheric water with a wide variety of often confusing
names and units which can be used with a certain amount of interchangeability. Amounts are
often expressed as millimetres, although in some cases a product with the same name may use
kg/m2. It is very much a case of let the user beware, and the greatest care must be taken with
these products to ensure that the most appropriate to the application is chosen.
Satellites can measure atmospheric humidity using a variety of methods that depend on
the use of thermal infrared channels sensitive to the presence of water-vapour in the atmosphere.
This is possible only in cloud-free regions, but in such locations it is possible to estimate
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atmospheric humidity in one or more layers and from this derive the precipitable water. Figures
2.5.1, 2.5.2 and 2.5.3 demonstrate this approach over the United States, Spain and Poland,
respectively. It is clear in at least the first two of these that the retrieval is not attempted in cloudy
areas, where perversely the greatest quantity of water is likely to be located.

Figure 2.5.1 Total precipitable water over the USA derived from GOES Sounder data,
amounts expressed in mm and colour coded from Tan (0-9 mm) through to Violet (50+
mm). Note the absence of soundings in cloudy areas. (NOAA/NESDIS)

Figure 2.5.2 Total precipitable water over Spain and neighbouring areas, derived from
Meteosat data. Again, no soundings in cloudy areas. (INM)
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Figure 2.5.3: Total precipitable water over Poland derived from NOAA-14 sounding data.
(IMWM)
The radiances observed by microwave imagers such as SSM/I are attenuated by water
vapour in the atmosphere by an amount that depends on frequency. Multi-spectral techniques can
then be used to estimate the liquid water content of the atmosphere even in the presence of cloud.
However, the surface temperature and emissivity needs to be known: this is only practical
with the necessary accuracy over water. Newer generations of microwave sensors, including
AMSU and later versions of SSMI/I include sensors responsive at 183 GHz that respond directly to
atmospheric water vapour, so this restriction will be removed as new algorithms are implemented.
As with other products, the best solution is to use all of the available information to obtain
the best possible product. One approach to this has been NASA’s water vapour project (NVAP),
which seeks to develop a global dataset of precipitable water based on a combination of data from
NOAA sounding instruments, SSM/I microwave data, and surface-based RAOBs. An example of
global, total column, precipitable water, averaged over the month of January 1995 is shown in
Figure 2.5.4. A further example of the same product, but in three distinct atmospheric layers is in
Figure 2.5.5.
These examples from around the world show the great interest in the product, but also
illustrate the difficulties.
In the absence of a widely available operational product of acceptable quality, some NWP
models use cloud information directly to supplement the infrared derived quantities. The cloud-top
temperature gives an indication of the altitude of the cloud-top height while the cloud base can be
inferred from the model itself. The precipitable water can then be inferred.
This points perhaps to the next step in model development in this area, whereby relevant
satellite radiance and cloud data are assimilated directly into the models using Variational Analysis
techniques (as outlined in section 8.6.2), rather than through the use of derived products. This will
require another major step in computer power that no doubt will become available within these
decades.
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Figure 2.5.4: Total Column precipitable water for January 1995 derived from three
different observing systems as part of NASA’s Water Vapour Project. (NVAP)

Figure 2.5.5: Data from NASA’s Water Vapour Project showing precipitable water in
three atmospheric layers (NVAP)
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2.6

Precipitation

Measurement of precipitation is an essential goal for satellite meteorology. Precipitation is
important in its own right; excess giving rise to floods, absence causing droughts. It provides the
drinking water for the world, and is an important factor affecting the everyday lives of most people.
It is also a vital parameter from the scientific standpoint, forming an essential link in the
hydrological cycle in which water vapour evaporating from the ocean surface rises into the
atmosphere, condenses into clouds, coalesces into rain or snow which falls into river catchment
areas, flowing to the sea after contributing to the growth of plant life, and starting the whole cycle
again from the oceans. When water vapour condenses into liquid drops it releases heat into the
ambient air. Through this latent heating, global rainfall produces about three times as much
energy as the other major source of atmospheric heating, direct short-wave solar radiation. It is
obviously essential to understand the process for many purposes, especially regarding climate
studies. The study of precipitation is one aspect of the GEWEX project of the Global Climate
Research Programme.
Although precipitation is easily observed at a local level it is remarkably difficult to observe
on a global scale by any observing system. Part of the problem is the huge variability of
precipitation in both extent and time. Rain may fall continuously from a slow moving extra-tropical
depression over a period of a week or more, while the same rainfall totals could accumulate locally
from a small convective storm lasting only an hour or so. A conventional rain gauge might give a
reliable indication of the former in many developed regions of the continents, but could entirely
miss a convective storm within a kilometre of the rain. There are of course few rain gauges of any
type over the world’s oceans, and large data voids over the less developed parts of the continents
also.
Satellites offer the only prospect of measuring precipitation on a global scale, and provide
useful results even though they are presently far from ideal for the purpose. With so much
variability in the precipitation there is a corresponding wide range of approaches to the
measurement of precipitation. These different approaches largely depend on the nature of the
application. Great use is made of data from geostationary satellites. They observe the planet so
frequently (typically each thirty minutes, day and night) that they should miss few significant
precipitation events. Geostationary satellites do not measure rainfall directly, so a number of
useful algorithms have been developed that infer rainfall intensity and amounts from the cloud
cover observed from the Visible and Infrared Imagers.
Useful results can be obtained in data-sparse areas prone to drought by merely recording
the number of half-hourly images in which no cloud, or only thin cloud, was observed in a particular
locality. Cloud-free means rain-free, so this can be a first indicator of drought. More elaborate
techniques are in widespread use. Multi-channel histogram analysis can identify clouds that are
both deep (high reflectivity in the visible channel) and high (low cloud-top temperature from the
infrared channel). this identifies clouds with large vertical extent, which can be correlated with
rainfall amounts. Examples of this technique are shown in Figures 2.6.1 and 2.6.2, relating mainly
to frontal rain and convective rain respectively. Refinements of this scheme uses the rate of
growth of the cloud cell as an additional parameter, and there are many examples of this cloud
data being used in conjunction with surface-based radar data to provide better estimates beyond
the immediate range of the radar. This type of observation is extremely useful in the context of
forecasting flash floods resulting from small-scale but intense convective storms.
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Figure 2.6.1: Instantaneous rainfall rate in a cold-front approach NW Spain, derived from
Meteosat imagery. convective rainfall can also be seen over southern Italy. (INM)

Figure 2.6.2: Convective rainfall rates over southern France, from Meteosat imagery.
(INM)
Satellites in polar orbit also play an important role. Firstly, they observe the entire planet
and can therefore seek to measure global precipitation. Secondly, they carry additional sensors,
including passive microwave sensors like SSM/I and AMSU, which provide a signal from
precipitation and also the capability of seeing through clouds. This means they can determine
which part of the cloud systems are precipitating. Increasingly they also carry active instruments,
such as scatterometer and specially designed rain-radars such as that on the TRMM satellite.
These all have the potential to measure precipitation more accurately than geostationary satellites
but suffer from a sampling problem, in that each satellite can only observe any one location on the
earth’s surface twice in each day. Furthermore the operational satellites such as Meteor, NOAA
and Metop are all in sun-synchronous orbits that pass overhead at the same local time each day.
They can therefore entirely miss rain events, especially those with a strong diurnal variability.
TRMM avoids this particular problem as its orbit is not sun-synchronous, but it still subject to the
general sampling problem. For these reasons polar satellites are often used in conjunction with
geostationary data and ground based data, together with regression types of algorithm to estimate
rainfall over large areas and long periods of time, rather than for estimation of instantaneous
rainfall rates. Figure 2.6.3 is a global rainfall product based on this approach derived from multisensor data to obtain the best possible estimate of global precipitation.
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Figure 2.6.3 Average annual precipitation over the period 1987 to 1999 derived by the
Global Precipitation Climatology Project from multi-satellite, multi-sensor data in
conjunction with surface-based data. (GPCP)
The capabilities of the TRMM Precipitation Radar (Figure 2.6.4) are remarkable as it
measures the echo backscattered from rain directly; this is approximately proportional to the
square of the volume of falling water. The level of detail obtainable is indicated in Figure 2.6.4. It
is hoped that the success of the TRMM mission (illustrated in Figure 2.6.5) will lead to further
developments using this approach and further data on a long-term basis.

Figure 2.6.4: Vertical profile of rainfall rate obtained from the TRMM satellite. (JPL)
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Figure 2.6.5: Global precipitation over two years, obtained from the TRMM Precipitation
Radar. (NASDA)
2.7

Atmospheric Chemistry

The atmosphere is composed principally of nitrogen (78%), oxygen (21%) and argon
0.9%). The remaining 0.1% is made up of trace gases, including water vapour, carbon dioxide,
methane, various oxides of nitrogen, neon, helium and ozone with many others in tiny but
important amounts. Many of these trace gases have an importance far in excess of their actually
concentration. After water-vapour, ozone is the best known of these, even though its concentration
in the atmosphere is very small, rising from virtually nil at the surface up to about 0.001% in the
stratosphere, in the so-called ozone-layer, extending from about 11 to 50 km. Mapping and
forecasting the concentration of stratospheric ozone is vital because of the way in which ozone
absorbs harmful solar ultraviolet radiation, which is harmful to humans, animals and plants.
Furthermore, it is a greenhouse gas which helps maintain the Earth's heat balance.
Ozone is not uniformly distributed in the atmosphere, forming under the influence of
ultraviolet radiation near the top of the atmosphere and being depleted by complex chemical
interactions with other trace gases, many of them being man-made. Ozone production peaks at
the top of the stratosphere in the equatorial regions, where solar radiation is strongest. Production
is weakest at high latitudes in winter, leading in recent decades to the formation of the so-called
“ozone-hole”.
Box 2.7 gives a short overview of the basic satellite techniques that have proved
successful in monitoring trace gases in the stratosphere.
Figure 2.7.1 illustrates the variation of ozone in the southern hemisphere over a period of
two months in 1996. It must not be thought that variation in stratospheric ozone is confined to the
southern hemisphere. This is illustrated in Figure 2.7.2, where the low concentration of ozone over
the north Atlantic and northern Europe is due to dynamically induced ozone loss in the lower and
middle stratosphere. Figure 2.7.3 shows global data from NASA’s TOMS instrument.
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Figure 2.7.1 Global distribution of Ozone obtained from the GOME instrument on the
ERS-2 satellite. The image at left shows the “Ozone-hole” during the southern hemisphere
spring, on 13 October 1996, while that on the right, shows the recovery by mid summer,
on 21 December 1996. (KNMI/ESA)

Figure 2.7.2 Distribution of stratospheric ozone over the northern hemisphere on 30
November 1999 from GOME/ERS-2 data (DLR)

Figure 2.7.3: Global ozone distribution from NASA’s TOMS instrument on Japan’s
ADEOS platform. (GSFC)

- 127 -

The remarkable ability of satellites to monitor tiny concentrations of trace gases in the
atmosphere is further illustrated in Figure 2.7.4, which shows the concentration of ozone in five
distinct layers in the stratosphere, shown somewhat confusingly with the lowest layer at the top of
the diagram.
Many other trace gases besides ozone need to be monitored on a continuous basis. The
necessary technology is certainly feasible and capabilities will without doubt be extended in this
area over the coming years.
Already it is possible to measure NO2 (which contributes significantly to ozone depletion in
the complex chemistry of the upper atmosphere) as shown in Figure 2.7.5. SO 2 emissions,
whether manmade (Figure 2.7.6) or from volcano activity (Figure 2.7.7) can also be mapped,
contributing to our understanding of atmospheric processes and helping to monitor the more
extreme forms of pollution.
The scene shown in Figure 2.7.6 is, for example, linked to the burning of sulphur- rich
lignite fuel in power stations and domestic fires.

Figure 2.7.4: GOME retrieval of stratospheric ozone in five layers. The left most column
shows the original orbital satellite data, the centre column shows the analysed fields
before the addition of the current satellite data. The rightmost column shows the results of
integration of the two previous columns to give an updated estimated of ozone
distribution. (FMI)
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Figure 2.7.5: Distribution of stratospheric NO2 over Europe, derived from GOME data on
ERS-2. (DLR)

Basis of technique:
2.7 Atmospheric Chemistry
Several techniques have been used to determine the concentrations of trace gases in the
atmosphere with varying degrees of success. The most promising approach has been to use a
high spectral resolution spectrometer to detect backscattered ultraviolet radiation. Long-term data
has been obtained by NASA’s SBUV and TOMS instruments, flown on a variety of platforms, and
by ESA’s GOME flown on ERS-2, all using similar approaches. These capabilities will be continued
with GOME-2 flown on EUMETSAT’s METOP satellites and other sensors. In every case the
requirement is for extremely sensitive detectors, as the amount of the trace gases is so low,
coupled with very high spectral resolution, in order to detect the precise wavelengths of interest.
These nadir-scanning instruments have a horizontal resolution of around 40 km and a spectral
resolution of a few nanometres.

Figure 2.7.6: Distribution of SO2 of anthropogenic origin over Europe, obtained from
ERS-2/GOME data. (AWI)
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Figure 2.7.7: Plumes of SO2 generated by the eruption of the Nyamuragira volcano
(Zaire/Democratic Republic of Congo) on 1 December 1996. The maps show the time
evolution of the SO2 plume over Nyamuragira (yellow triangle) from 1 to 18 December
1996. (AWI)
2.8

Volcanic Ash

Apart from the scientific interest to volcanologists and the safety of neighbouring
communities, the most pressing need to monitor volcanic ash from even minor eruptions is the
concern about aircraft safety. A jet engine flown through an ash plume can stall, leading to
disastrous consequences. There is at least one instance of all four engines of a passenger jet
failing. Fortunately the pilot was able to recover the situation after a terrifying descent to lower
altitudes. Compared with the total number of flights the number of encounters with ash plumes is
small. However, over the years, dozens of cases have been reported; the consequences of engine
failure of an aircraft carrying several hundred passengers is sufficient motive to keep a close watch
on volcanic activity. If the location of the plumes can be predicted then aircraft routes can be
modified to avoid them.
It is not just a case of avoiding the near vicinity of an active volcano. Ash plumes may drift
in the upper atmosphere for many hundreds of kilometres from the actual source, so the challenge
is to track these highly mobile ash plumes. Figure 2.8.1 shows the eruption of Mt. Spurr in Alaska
in 1992. During the next 60 hours the ash plume drifted far from this remote location across the
busy air routes of much of North America (Figure 2.8.2).
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Figure 2.8.1:
Volcanic ash cloud imaged about
three hours after the eruption of
Mt. Spurr in Alaska on 17
September 1992. (UKMO)

Figure 2.8.2:
The evolution of the ash plume from the
same eruption of Mt. Spurr over the
following two days, showing its migration
across much of North America during this
period. The temperatures scale for Figures
2.8.1 & 2.8.2 relate to the AVHRR two
channel difference method (see Box 2.8).
(UKMO)

A second reason for concern about volcano ash and dust plumes is the effect they can
have on the atmosphere. These range from local or regional effects lasting a few days up to the
global scale. There are two consequences of this. First, even a thin cloud of volcanic ash can
seriously affect all satellite remote sensing until it disperses. All temperature information, for
example sea surface temperatures and atmospheric temperatures, may be affected, as can
measurements of humidity and atmospheric trace gases. It is sometimes necessary to suspend
measurements in affected regions in order to avoid generating spurious data, and to avoid
distorting the historical climate record. It is therefore obvious that for this reason alone it is
necessary to keep careful track of the existence of ash plumes (or any other atmospheric
contaminant) that might give rise to inaccuracies in the satellite date.
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Basis of technique:
2.8 Volcanic Ash
Ways of detecting volcanic ash are under constant research, exploring the use of multi-spectral
data from high spectral resolution radiometers. In cloud-free conditions the ash plume can show
up on almost any visible or infra-red satellite image, but this is not the case when other clouds are
present.
In many cases the solution is to use the so-called band subtraction technique. Thermal image data
from two channels of the Advanced Very High Resolution Radiometer (AVHRR) have often been
used, with differences based on band 4 (10.3 to 11.3 μm) minus band 5 (11.5 to 12.5 μm)
brightness temperatures. Volcanic clouds have negative differences while meteorological clouds
generally have positive brightness temperature differences. The images of the Mt. Spurr cloud
(below) demonstrate the band subtraction technique. The image on the left is a band 4 image, and
shows how difficult it is to distinguish the volcanic cloud. The image on the right is the
corresponding band 4-5 image which shows the volcanic cloud clearly.
(University of Michigan)

Figure 2.8.7a, Figure 2.8.7b Both images show the same area of North America. At left is AVHRR band 4,
at right the band 4 minus band 5 differences, showing just the negative values. The ash plume from the
eruption of Mt. Spurr two days earlier is very clear on the latter, hard to distinguish on the former. (Univ.
Michigan

Much worse than this is the possible impact on the atmosphere as a whole. The massive
Krakatau eruption of 1883, as well as causing a tidal wave reaching some 35 metres in height, and
killing 36,000 people, produced an ash veil over the entire planet, lowering global temperatures for
three years. It may be impossible to forecast such massive events, but it is important to be able to
detect the ash and locate the most dense areas.
Figure 2.8.3 is a Meteosat Visible image showing a well defined plume from Mt. Etna, but
this is not a reliable way of detecting ash plumes because of the obscuring effects of natural
clouds. Operationally the band subtraction technique (Box 2.8) gives good results and this will
certainly be refined as satellites with higher spectral resolution come into operational use.
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Figure 2.8.3: Ash plume from Mt. Etna on 29 April 2001 using the Visible Channel of the
Meteosat-7 satellite. (CIMSS)
It is not sufficient merely to detect the presence of cloud. It is also important to gauge the
type, particle size and quantity of material in the plume. All of these parameters are under study
with useful results. Figure 2.8.4 shows the band 4 minus band 5 results for the El Chichon volcano
in Mexico, in April 1982.
Below it, Figure 2.8.5 shows the same volcano and same area with an estimate of the
Silicate Mass in the plume, also derived from AVHRR data. Figure 2.8.6 shows another view of
the same plume, this time from the TOMS instrument, with estimates of the concentration of SO 2.

Figure 2.8.4: AVHRR band 4 minus 5 for the El Chichon eruption of April 1982 (Univ.
Michigan)

Figure 2.8.5: Estimate of Silicate Mass in the El Chichon ash plume, from AVHRR data.
(Univ. Michigan)
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Figure 2.8.6 Estimate of SO2 in the El Chichon plume, from TOMS data. (GSFC)
2.9

Dust, Smoke and Aerosols

Dust, smoke and microscopic aerosols share many of the characteristics of the ash
plumes discussed in the previous section, in that they affect the radiation balance of the planet and
can affect the performance of satellite instruments by partially obscuring lower layers. Aerosols
absorb ultraviolet radiation and as condensation nuclei contribute to the formation of clouds. The
significant difference compared to volcanic ash is that aerosols are always present in the
atmosphere and in certain geographical regions airborne dust or smoke is often present.
Figure 2.9.1 shows how often the Nimbus-7/TOMS aerosol index detected the presence
of UV-absorbing tropospheric aerosols over each region of the Earth during July, August, and
September of 1987 and 1988. The areas in South America and Africa south of the equator
indicate smoke produced by biomass burning. A large amount of the smoke from Africa can be
seen to collect just off the coast in the Atlantic. In 1988, the smoke from South America is
transported to the South Atlantic by the prevailing wind patterns. North of the equator, most of the
aerosol is due to dust blowing off desert regions. The areas in red are areas that almost always
contain UV-absorbing aerosol during this time of year. Many of them indicate "source" regions
such as the dry lakebed area around Lake Chad (about 15 degrees north latitude, 15 east
longitude). Dry lakebeds contain fine particulate matter that is easily picked up and transported by
blowing wind.
Figure 2.9.2 shows a widespread dust storm over China, showing how these storms can
be detected and mapped using standard visible imagery.
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Figure 2.9.1: Number of days with atmospheric dust observed by the TOMS instrument
during the third quarters of 1987 and 1988. (GSFC)

Figure 2.9.2: Duststorm (red-orange tones) over China observed by the PRC’s FY-1C
polar satellite using an instrument with similar characteristics to AVHRR. (NSMC)
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Basis of technique:
2.9 Dust, Smoke and Aerosols
Dust and sand storms can often be observed directly on the visible channels of both Polar (Figure
2.9.2) and Geostationary (Figure 2.9.3) satellites without special processing. Microscopic
aerosols however need far higher spectral resolution than is available from standard cloud
imagers. This is available from instruments such as TOMS (a NASA instrument) and GOME (ESA)
and their successor instruments, using multiple channels operating at the ultra-violet end of the
spectrum. The first step in the processing is a cloud-detection operation, using data from a cloud
imager on the same satellite. Aerosol detection is then possible in the cloud-free regions, often
based on a band subtraction technique as already outlined (in Section 2.8) for the detection of
volcanic ash. This technique helps to reduce the effects of atmospheric attenuation and
background noise. On these very high spectral-resolution instruments. as many as a thousand
narrow spectral bands may be available for this purpose. Different pairs can identify different types
and sizes of the atmospheric aerosols.
Figure 2.9.3 shows a dust storm over central Africa observed by two techniques (for
background information see Box 2.9). The upper panel demonstrates that even a geostationary
satellite (Meteosat), orbiting at 36,000 km above the equator, can detect dust. This is one of many
features that can be detected more easily by the human eye than by objective processing
techniques. By contrast, the lower panel, derived from TOMS data gives a very clear and
unambiguous image of the main concentrations of dust, shown in red on this image.

Figure 2.9.3: Dust storm over central Africa on 6 February 2001, shown on images from
the visible channel of Meteosat-7 (top) and from the TOMS instrument (lower). (PUMA)
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Figure 2.9.4 and Figure 2.9.5 show two further examples of TOMS products. The first is
an image of dust blown westwards out into the Atlantic from the Sahara desert, while the second
shows smoke from the extensive forest fires in Indonesia during September 1997. TOMS, GOME
and successor instruments will continue to monitor global atmospheric dust and aerosols in
support of many applications.

Figure 2.9.4 Saharan dust off the west coast of Africa on the 26th February 2000,
observed by the TOMS instrument. (GSFC)

Figure 2.9.5: Smoke from the extensive forest fires over Indonesia on 29 September
1997 observed by the TOMS instrument. (GSFC)
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3.

OBSERVING THE OCEAN SURFACE

3.1

Sea Surface Temperatures

Figure 3.1.1: Map of global Sea Surface Temperatures for 1 May 2001 derived from
NOAA Polar Orbiting satellites. (CIMSS)
Satellite data allow the regular mapping of Sea Surface Temperature (SST) at a scale that
is out of reach of the conventional means (ship or buoys). Sea surface temperatures may be
derived from images of both polar and geostationary meteorological satellites. The sensors most
often used for the determination of SST are the thermal infrared channels (see Box 3.1), with
visible channels used to help determine the amount of cloud contamination of individual scenes.
Microwave channels can also be used to obtain SST and may be useful in areas of persistent
cloud cover because their data are less affected by cloud. However, their usefulness is inhibited
by the need for information on the (constantly changing) emissivity of the ocean surface.
The primary advantages of the polar meteorological satellites are that they provide global
coverage, have generally better spatial resolution and generally have more spectral channels.
Their capability is illustrated by Figure 3.1.1, showing a global map of Sea Surface Temperatures
derived from polar orbiting satellite data. These charts are updated on a daily basis, using the
most recent cloud-free data for each part of the ocean, and are made widely available. More detail
can be seen in the map of SST off the coast of Alaska and the Bering Sea (Figure 3.1.2). In this
figure the relatively warm current moving up the coast of Alaska can be clearly seen, as can the
colder waters offshore and the much colder waters off the eastern coast of Asia.
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Figure 3.1.2: Sea Surface Temperatures off the coasts of Alaska. Data from NOAA polar
orbiting satellites. (NOAA/NESDIS)
Surface temperature can be calculated four times a day from the infrared data of two polar
orbiter satellites. Because of the solar heating that may occur during the day and produce
superficial warm patches, night-time data are more representative of the oceanographic situation.
SST are important for a wide variety of reasons and applications. Satellite derived SST
have been used visually for decades, to study the dynamic phenomenon revealed by the surface
temperature patterns. These range in scale from small local vortices up to huge ocean currents.
SST data are now increasingly used directly, as inputs for numerical models of the ocean. For
nowcasting and short period forecasting the SST can determine the occurrence of convective
activity or fog over the ocean surface and nearby coastal regions. For numerical weather
prediction the ocean surface provides the lower boundary for atmospheric models; its temperature
determines the flux of heat across this surface. For ocean models the ocean surface acts as an
upper boundary, with the same considerations.

Basis of technique:
3.1 Sea Surface Temperatures
All algorithms for the calculation of SST from satellite data start with a process of cloud
screening so as to use radiances only from clear fields-of-view. These cloud-free radiances can
then be used in a variety of retrieval methods including both physical and statistical algorithms.
The former depend on the known characteristics of the radiometer and the adjustments needed
to compensate for the attenuation of the intervening atmosphere. Such methods would
normally generate values of the sea surface skin temperature.
The alternative statistical algorithms for SST use regression techniques to correlate the satellite
observations with surface observations such as ships or buoys. Statistical techniques and the
underlying physics indicate that use of the so-called "split-window" channels at around 11 and
12 µm provides the most consistent results. The regression relationship then takes the form:
SST=C0 + C1*(B11) + C2(B11-B12)
where CO, C1 and C2 are the empirically determined coefficients and Bxx are the observed
satellite Brightness Temperatures in the relevant channels.

In climate studies and applications, the ocean surface temperature provides a key
indicator of trends over the medium and long term; it is vital for tracking the evolutions of El Niño
and other phenomena. Other important applications including fisheries, to identify nutrient rich
waters (and monitoring for conservation purposes), and shipping, in relation to the forecasting of
sea ice.

- 139 -

Finally, sea surface temperatures are used within the satellite data processing itself to
provide a precise reference surface temperature which improves the identification of clouds over
the ocean. SST can also be successfully generated from geostationary meteorological satellite
data. The great advantage is the fact that they can acquire images at frequent intervals.
With images at intervals of 30 minutes or less there is a high probability that the satellite
will obtain cloud-free views of most sea areas at least once in each 24-hour period, making it
feasible to generate daily maps that show short-term variations in SST, such as the vortices on the
edges of ocean currents like the Gulf Stream. The new generations of geostationary satellites
close the gaps as far as number of relevant spectral channels are concerned and are of increasing
value because of their ability to find transient gaps in cloud cover and their ability to monitor details
of the diurnal variations.
Figure 3.1.3 is an example of a global map of SST generated from data from five
geostationary satellites. Unlike the global products from polar satellites, which can only be
generated twice each day in cloud-free areas, geostationary derived maps such as these can be
updated up to 48 times each day, assuming half-hourly imagery. This gives great potential for the
near continuous update of this important observation, fully describing the diurnal variations.

Figure 3.1.3: Near-global coverage of SST, generated from data from five geostationary
satellites. (Planeta)
3.2

Regional Sea Surface Temperatures

Figure 3.2.1a,b Sea Surface Temperatures in the Black Sea (Planeta)
Figure.3.2.1a
Shows the conditions near the start of winter, 29 October 2000
Figure 3.2.1b
Shows the situation near the end of winter, on 6 March 2001
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As well as the global products emphasised in the preceding section, satellite data are also
used for regional products, such as the maps of sea surface temperature Figure 3.2.1b. shows the
situation near the end of winter, on 6 March 2001
The temperature for the Black Sea (Figure 3.2.1) and the Caspian Sea (Figure 3.2.2).
Both figures show a pair of images at the start and end of winter respectively, showing the large
variations that occur. Ice covers the northern part of the Caspian Sea in Figure 3.2.2b.

Figure 3.2.2a,b
Figure 3.2.2a
Figure 3.2.2b

Sea Surface Temperatures in the Caspian Sea.
29 October 2000
6 March 2001 Temperature scale as for Figure 1. (Planeta)

Another example in Figure 3.2.3 shows average SST over the eastern Pacific Ocean.
This demonstrates the remarkable ability of geostationary satellites, which orbit over the equator,
to retrieve data in high near-polar latitudes, as well as in the tropics.

Figure 3.2.3: SST from the GMS-5 geostationary satellite averaged over the five day
period from 1-5 August 2000. (JMA)
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SST from the GOES geostationary satellites have been routinely generated every three
hours in the vicinity of the continental USA by NESDIS since February 1998, taking advantage of a
new generation of satellites. The diurnal changes in the GOES SST have been noticeable. As an
example, Figure 3.2.4 shows a three-day composite of the GOES SST data for the period 20 to 22
May 1998, showing the differences between 1200 UTC (early morning) and the situation eight
hours later.
The magnitude of the difference and the spatial distribution of the SST diurnal variation
are remarkable. They correspond closely to the surface wind in the area and for the time period.
Variations as large as 3 K are found near the coast, where land contamination is a possible factor,
and in regions where the surface wind is weak (less than 5 m/s).
Adequate validation and monitoring of such diurnal variations in surface skin temperatures
is necessary; the implications if verified are many.
Figure 3.2.5, based on GOES-8 data, demonstrates the capability of the latest
geostationary satellites to accurately measure sea surface temperatures. The high temporal
frequency enabling better elimination of cloud cover effects. This example is a precursor product
for the new generation of EUMETSAT Meteosat satellites to be flown from 2002. The operational
product is planned to cover the Atlantic Ocean at 3-hourly intervals, at a horizontal resolution of
0.1 degrees of latitude and longitude.

Figure 3.2.4: Differences over eight hours of Sea Surface Temperatures between early
morning and afternoon, averaged over three days, 20-22 May 1998. (CIMSS)
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Figure 3.2.5: Example of Sea Surface Temperatures derived from a 10-day compilation
of hourly retrievals from GOES-8 Imager infrared measurements. (CMS)
3.3

Ocean-surface winds

The oceans of the world cover some 70% of the planet's surface and are to a great extent
devoid of the routine observations needed for weather forecasting, ocean forecasting and climate
monitoring. Observations are limited to ship observations on the main shipping routes, a few
ocean buoys and data from isolated islands. The winds over the oceans are of particular
importance because they define the surface weather patterns and because of their direct effects on
shipping and on ocean currents.
The data situation has totally changed because of the deployment of Scatterometer
instruments on pre-operational satellite systems in polar orbit, from both the National Aeronautics
and Space Administration (NASA) of the USA and from the European Space Agency (ESA).
These Scatterometers use radar techniques to demonstrate the possibility of measuring surface
wind vectors over the ocean independently of cloud cover. The technique is based on the
processing of microwave pulses back scattered by small wavelets on the ocean surface. The size
of the wavelets and the amount of backscattered energy is related to wind speed. Box 3.3 gives a
brief indication of how these active systems work. The success of these systems has led to
approved plans for an operational capability on the Metop satellites of the EUMETSAT Polar
System (EPS), to be flown from 2003. The Advanced Scatterometer (ASCAT) on Metop will
generate accurate near-surface wind measurements at horizontal intervals of no more than 50 km,
covering most of the oceans in each 24-hour period. Figure 3.3.1 gives an example of ERS
Scatterometer winds defining the location of a tropical storm off Madagascar, while Figure 3.3.2
shows not only a swath of ERS winds but also winds derived from a Numerical Weather Prediction
model at the same time.
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Figure 3.3.1: Scatterometer winds from an ESA ERS satellite, defining the location of a
tropical storm off the coast of Madagascar. The inset shows the instrument swath in
relation to the coast of Africa. (ESA)

Figure 3.3.2: Composite image showing ERS Scatterometer winds as red vectors
together with 10 metre winds (in blue) from the HIRLAM NWP model. It can be seen that
in some areas the satellite data confirms the model analysis, in others the satellite winds
add new information. The wind fields are superimposed on a Meteosat cloud image
(CMS)
In addition, wind speed, but not direction, can also be derived from passive microwave
imagery such as that provided by the SSM/I instruments on DMSP satellites and their successors.
The basis of this capability is the way in which the surface roughness of the ocean, which depends
on wind speed, affects the emissivity of the ocean surface and hence the signal received by the
instrument. These imagers have a wider swath width than the Scatterometers and can therefore
provide better data coverage, leading to improved temporal resolution for this source of data.
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Figure 3.3.3 shows the data coverage from NASA’s QSCAT Scatterometer, while Figure
3.3.4 is an example of the near-global coverage of ocean wind speeds that can be achieved on a
routine basis by SSM/I over a period of 24 hours, demonstrating the excellent temporal and
horizontal resolution.

Figure 3.3.3: Wind vectors from three ascending passes of NASA’s QSCAT instrument,
showing the huge quantity of data that can be obtained over a period of a few hours by
one instrument. (FNMOC)

Figure 3.3.4: Ocean surface wind speeds derived from the SSM/I instrument during a 24
hour period on 23 May 2001. This shows only the ascending passes, representing half of
the data received during this period, as there are complementary data from the
corresponding descending passes. (FNMOC)
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Basis of technique:
3.3 Ocean Surface Winds
Scatterometers are active instruments that transmit short pulses of microwave energy to probe
ocean surfaces. They then measure the reflected or backscattered power. Variations in this
backscattered power are caused by changes in small (centimetre-sized), wind-driven waves. They
are converted to wind speeds through a regression technique based on the physical principles
involved. Up to three simultaneous measurements are used to determine the wind direction (Figure
3.3.5). The inversion process does not always provide a unique solution, as there may be several
wind directions that could satisfy the observational data. Ambiguity removal is achieved through
comparison with a first-guess background field obtained from a Numerical Weather Prediction
(NWP) model, or by assimilation of the possible multiple solutions in the NWP model.
Wind speeds, but not directions, are obtained from passive microwave instruments due to the
changes of emissivity of the ocean surface as it changes from calm to rough. If other factors, such
as rain, can be eliminated from the signal, the remaining variations can be correlated with wind
speed.

Figure 3.3.5:
Scanning schematic for ESA’s ERS scatterometer. Three antennae illuminate a
500 km wide swath parallel to the satellite track. EUMETSAT’s METOP scatterometer will have six
antennae to cover swathes on each side of the satellite. (ESA)

Because both data sources have the ability to see through cloud they are particularly
effective in defining circulation patterns in meteorologically active, cloud covered, regions. Both
sources of data have proved to be effective in improving the performance of Numerical Weather
Prediction (NWP) models.
3.4

Ocean Ice

Detection and characterization of sea ice is important for a number of reasons. From a
meteorological point of view sea ice is a boundary condition that influences the exchange of energy
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at the ocean atmosphere interface and serves as a fresh water flux. But sea ice also greatly
affects transportation and general living conditions in the Polar Regions.
Users of sea ice information include meteorologists, numerical modellers, climate
researchers (for example the WMO global digital sea ice database, GDSIDB), ice services and
shipping companies. Consequently, requirements for sea ice information covers range of scales in
time and space. A single source of information will seldom be sufficient and it is often necessary to
combine high and low resolution and active and passive sensors, including Synthetic Aperture
Radars (SAR), scatterometers, and microwave, visible and thermal imagers. Figure 3.4.1 shows
an example of ice in the Kursk Sea area imaged by the radar on the Russian OKEAN-1 satellite.

Figure 3.4.1: Image from the OKEAN-1 N7 Sideways Looking Radar (SLR) for 7
February 2000, showing the snow over Novay Zemlya very clearly, as well as the sea ice
to the north and in the Karsk Sea. These images require careful interpretation, as
indicated in the lower figures. (Planeta)

Figure 3.4.2: Ice map derived from the SLR image in Figure 3.4.1. (Planeta)

- 147 -

These images require careful interpretation. An annotated ice map derived from this
image is shown in Figure 3.4.2. Radar imagery has many advantages for the generation of ice
maps but is not always available for a particular region. In these circumstances use can be made
of other sensors, such as infrared imagers. Figure 3.4.3 is an example of an ice map derived from
NOAA-14 infrared imagery. This can be useful, but only in cloud-free situations, which are not
frequent at high latitudes. Visible imagery can also be used for ice mapping, but suffers in the
same way from the frequent cloud cover at high latitudes, as well as from the low levels of
illumination during the long winters. Box 3.4 gives an example of the way in which multi-sensors
contribute to the production of operational ice charts. This is not an automatic process; a human
analyst is necessary to make best use of all available data (Figure 3.4.5).

Figure 3.4.3: Ice map of the Karsk Sea region for 22 February 2000 derived from NOAA14 channel 4 infrared data. (Planeta)

Figure 3.4.4: Legend for Figures 3.4.2 and 3.4.3
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Basis of technique:
3.4 Sea Ice Maps
Figure 3.4.7 is a composite image illustrating how data from different satellite system are
combined to produce ice charts. The colourful low resolutions image is an ice concentration
product based on the DMSP SSM/I (passive microwave) sensor. This is used for strategic
products (i.e., for planning purposes) or if no other sources are available. In the southern area
of Greenland both NOAA AVHRR (false colour channel 1, 2 and 4) and Radarsat ScanSARWide data are used to show that often it is necessary to supplement Radarsat data with NOAA
to obtain sufficient coverage. The northernmost area shows a NOAA AVHRR image - but only
thermal information is used due to the lack of solar radiation in high latitudes. (DMI)

During cloud-free conditions at relatively low latitudes the conventional imagers can be
used to produce detailed maps of ice cover (Figure 3.4.6) but these conditions can be rare. The
multi-sensor concept will take advantage of future satellites and sensors. For instance it is
anticipated that METOP ASCAT scatterometer data will replace ERS Active Microwave Instrument
(AMI), while passive microwave data from DMSP SSMIS and later NPOESS CMIS will gradually
replace the present DMSP SSM/I. The visible and thermal infrared information from NOAA and
METOP AVHRR will continue to play an important role. Data from NPOESS VIIRS will improve
both spatial and spectral resolution. These enhancements will gradually improve product quality
and applicability.
Low-resolution sea ice products are in general not sufficiently accurate to satisfy the
needs of ice services and shipping companies for navigational information. Consequently ice
services supplement low resolution passive microwave and scatterometer data with mid to high
resolution visible, thermal infrared and SAR data. Since the launch of the Canadian satellite
RADARSAT, ScanSAR-Wide data has become the most important source of information for many
ice services. This is mainly due to the good coverage, sufficient resolution and the cloudindependent characteristics of Radarsat ScanSAR-Wide imagery, characteristics which are all
prerequisite for an operational service.
For the next 10 to 20 years SAR data will continue to be an important source of
information for the Ice Services but the critical concern is the need for long-term data continuity. In
this regard the provision of a fully operational satellite service, with at least two satellites in orbit to
ensure data continuity, is an urgent and high priority requirement.
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Figure 3.4.5: An Ice analyst’s interpretation of a Radarsat ScanSAR-Wide image. The
lines in magenta are ice edges, cyan lines are ice (inner) boundaries that separate areas
of different ice concentration. (DMI)

Figure 3.4.6: Ice Map of the Baltic based on NOAA-14 data, showing details of ice cover
type. (DNMI)
3.5

Ocean Level and Waves

One of the more astonishing satellite capabilities is their ability to measure ocean level
with an accuracy of a few centimetres. This has already been demonstrated through the
Topex/Poseidon mission jointly implemented by the USA and France, and by the ERS mission of
ESA. The Jason missions will provide a follow-on for this important and remarkable capability. To
achieve this result the satellites project radar pulses hundreds of times each second towards the
ocean and measure the returned signal. The time taken for the return trip gives an indication of the
height of the satellite above the surface; this is used to determine actual sea level. The slope of
the surface determined from the measurements can be used to determine ocean currents and
significant wave heights (Box 3.5).
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Determination of the actual sea level is not a straightforward matter. Corrections need to
be made for atmospheric attenuation and other factors. The actual height of the satellite above a
reference surface has to be known in order to determine the level of ocean above the surface.
Tidal and fluctuations are then removed to yield maps of ocean level anomaly that provide
information about the changing level of the ocean. The variations in sea level are not trivial, as can
be seen from Figure 3.5.1, which shows variations of +/- 30 cm across the Gulf of Mexico, as well
as the associated current streams.

Figure 3.5.1: Sea level and currents in the Gulf of Mexico derived from the use of a
combination of TOPEX/POSEIDON and ERS-2 altimetry data. (CCAR)
Images such as Figure 3.5.1, obtainable for all the oceans of the world, are of obvious
importance to oceanographers and for ocean modelling. The information is also of vital importance
for Climatology by mapping the movement of water across the oceans of the world. This is the
major engine for transportation of heat energy around the world, because of the enormous
volumes concerned. Figure 3.5.2 illustrates the magnitude of this movement across the Equatorial
Pacific. In order to quantify the volume of water involved, satellite altimetry has been used to
construct an El Niño Index, based on the total departure from average of 600 cells, on a onedegree grid, of the box shown in the equatorial Pacific in Figure 3.5.3.
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Figure 3.5.2: Sequence of sea level variations over the Equatorial Pacific from 1992 to
1995. The variations of some +/- 25 cm are manifestations of El Niño and represent the
movement of enormous volumes of water. (Univ. Texas)

Figure 3.5.3: Global sea levels, showing the region (red box) used to determine the sea
level index shown in Figure 3.5.4. (Topex/Poseidon
The evolution of the Index over a 16-month period is shown in Figure 3.5.4, where it is
evident that during the short period some two trillion (2x1012) tonnes of water moved across the
small region represented by the box in Figure 3.5.3. The even greater movement of the subsurface water can also be deduced from these data. These vast amounts of water carry huge
amounts of heat energy of great significance for climate variability, and explains why satellite
altimetry measurements are of such great value for studies of the oceans and climate.
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Figure 3.5.4: Variation of the Topex/Poseidon El Niño Index over a period of 16 months.
Each unit on the vertical scale represent a displacement of one trillion cubic metres
(equivalent to one trillion tonnes) of surface water. (Topex/Poseidon)

Altimetry data is relevant to all scales of ocean dynamics from global, to ocean, basin and
mesoscale. Figure 3.5.5 is a map of sea surface anomaly over the eastern Mediterranean, showing
a meso-scale vortex to the lee of Crete. Altimetry can also be used to obtain maps of Significant
Wave Height, as shown in Figure 3.5.6.

Figure 3.5.5: Map of Sea Level Anomaly in the Eastern Mediterranean from
Topex/Poseidon Data. The scale ranges from +/- 30 cm (red to blue). (CLS)
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Figure 3.5.6: Global map of Significant Wave Height (SWH) derived from
Topex/Poseidon data. The colour code indicates SWH of more than 5 metres in the
Southern Ocean (CLS)

Basis of technique:
3.5 Ocean Level and Waves
Ocean levels are determined from satellite altimeters such as those flown on ERS-1/2 and
Topex/Poseidon. Their measurements will be continued with Jason-1, to be launched in 2001, with
plans to extend this with Jason-2 in an operational context
Topex/Poseidon flies at a height of about 1,300 km and transmits some 1,700 radar pulses each
second vertically downwards. The returned signal is analysed to determine the time taken by each
pulse to travel from the satellite to the surface and back to the satellite. This gives the range, R,
from the satellite to the ocean surface, which is accurate to within 2 cm after corrections for water
vapour absorption, etc. The next challenge is to determine the position of the satellite itself relative
to an arbitrary regular reference surface known as the Reference Ellipsoid. This height, S, can be
obtained with an accuracy of about 3 cm using dedicated instrumentation and tracking stations.
The sea level, relative to the Reference Ellipsoid is then simply S-R. Depending on the application,
tidal and other variations may be removed from this signal to obtain the information relevant to the
application.
Differences of height between nearby pulses may be used to determine significant wave heights,
while the slope of the sea surface over larger areas is used to determine ocean currents.

3.6

Ocean Surface Biology

It is well known that the forests and vegetation of the continents absorb carbon dioxide
and release live-giving oxygen through the process of photosynthesis. This process is part of the
continuous carbon cycle that helps to reduce the concentration of the most significant of the
greenhouse gases. Forest and vegetation are obvious both to the human eye and to satellite
instruments, so the contribution of vegetation to the carbon cycle can be monitored, as described
in later sections.
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What is not so obvious to the human eye is that the surface layers of the global oceans
are full of microscopic algae – phytoplankton - that perform the same function as terrestrial plants
in reducing atmospheric carbon dioxide. The phytoplankton are also the smallest element of the
ocean food chain-directly or indirectly providing nourishment for all of the ocean inhabitants.
Although the ocean surface biomass is only a small percentage of the terrestrial biomass,
the total photosynthetic effect is approximately the same. When these tiny algae reach the end of
their life cycle they sink to the ocean floor, effectively taking a small amount of carbon out of
circulation for millions of years, until it may re-appear in the form of coal or oil.
The distribution of the phytoplankton over the ocean surface is highly variable and their
effects on atmospheric carbon dioxide is similarly variable over the ocean surface and over various
time scales. There is still much to be learnt about all of these processes, but their contribution to
the carbon cycle is so large (equivalent, remember, to that of terrestrial vegetation) that this
process cannot be ignored and must be taken into account in climate models at least.
The phytoplankton are extremely small, ranging down to one μm in diameter, but when
the concentrations are sufficiently high they change the colour of the ocean surface to an extent
that can be detected by satellite. This can be achieved to a limited extent by classical imagers
such as AVHRR (Figure 3.6.1), but the topic is of such great importance that a number of
dedicated ocean colour instruments have been flown, starting with NASA’s CZCS flown on
Nimbus-7 from 1978. Figure 3.6.2 shows an example of a CZCS product, together with an image
taken of the same scene 14 years later from the SeaWiFs instrument, showing changes
attributable to El Niño.

Figure 3.6.1: AVHRR image of an algae bloom in the German Bight on 6 July 1992. This
bloom was stable in this location for several days. Specialised ocean colour instruments
can provide more specific information on algae type and concentration. (KNMI)
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Figure 3.6.2a,b:
Comparison of an ocean pigment concentration image obtained from
CZCS on 31 October 1983 (a, left) with a similar image from SeaWiFS (b, right) collected
exactly fourteen years later in the vicinity of the Galapagos Islands in the eastern
equatorial Pacific Ocean. The concentrations in October 1983 were very high on the
western side of the islands and extended for over 1000 kilometres to the west as a result
of the westward flowing surface currents. In 1997, the concentrations are very low almost
everywhere as a result of the El Niño event on that date. Orange tones represent a
concentration in excess of 1 mg/m3. (GSFC)

Basis of technique:
3.6 Ocean Surface Biology
Ocean Colour instruments have as many as a dozen narrow channels within the visible range of
the electromagnetic spectrum, between about 0.4 μm and 1.2 μm. These instruments use
these channels to literally look at the ocean colour. Different species of ocean algae have
specific colour signatures. The processing challenge comes partly from the high data rates that
such an instrument generates and partly by the need to remove “cloud-contamination” by
identifying cloud-free regions. Atmospheric attenuation is also important, with absorption by the
variable amounts of water being especially significant.

The essential requirement for such an instrument is that it should include narrow spectral
channels within the visible band. Typical instruments such as Japan’s OCTS on the ADEOS
satellite, ESA’s MERIS on ENVISAT or NASA’s MODIS instrument have up to a dozen narrow
spectral channels in this interval. These can be used for many purposes as well as ocean colour;
including measurement of sea surface temperatures, analysis of cloud type and characteristics,
and for the production of improved vegetation indices. This will make them more and more useful
to a wide variety of WMO programmes as their data becomes increasingly available.
Figure 3.6.3 is an example of a composite global image showing not only phytoplankton
pigment concentration but also the vegetation amounts over land surfaces. Not all of the effects of
ocean algae are benign. Cases of toxic algae can arise as well as so-called “red-tides”. These too
can be identified through the use of standard vegetation indices (Figure 3.6.4) or specialized ocean
colour instruments.
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Figure 3.6.3: SeaWiFs map of phytoplankton pigment concentration over the oceans
together with a vegetation index over the land areas, showing global biomass in one
image. Ocean colours range from dark blue (less than 0.1 mg/m3 up to red in some
coastal areas (10 mg/m3). (GSFC)

Figure 3.6.4: A large floating layer of Blue Algae is seen in this AVHRR vegetation map
of the Ijsselmeer in the Netherlands. (KNMI)

4.

OBSERVING THE LAND SURFACE

4.1

Land Surface Parameters

As with many satellite observations, the parameters of interest are often interlinked, so it
is necessary to know one before the other. For surface data, consideration has to be taken of the
nature of the surface as well as the attenuating effects of the atmosphere, cloud cover and
precipitation. Soil moisture is a key parameter that can be inferred from a number of techniques,
for example the diurnal rate of change in brightness temperature.
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Figure 4.1.1 illustrates a more recent approach to the measurement of soil moisture: this
has been calculated using radar data from the TRMM mission. This is closer to a direct
measurement, but even this technique need prior information on the vegetation cover. Figure 4.1.2
is a related subject, giving an estimate of evapotranspiration in Romania, derived from
NOAA/AVHRR imagery.

Figure 4.1.1: Global soil-wetness index computed from data from the Precipitation Radar
on TRMM (NASDA)
The character of the land surface is of great importance to many WMO programmes and
application areas, including Numerical Weather Prediction and Climate modelling. Snow cover,
vegetation cover and type, soil moisture, surface albedo and surface temperature, for example, are
important parameters for these applications. As with other model inputs, global measurements are
needed with high horizontal resolution, so satellite observations offer the most obvious means of
meeting this requirement. Vegetation cover is discussed elsewhere; this section focuses on
examples of other key parameters.
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Figure 4.1.2: Estimates of Evapotranspiration
NOAA/AVHRR imagery for 9 May 1999. (NRSC)

over

Romania,
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Surface albedo is important in its own right, but is also necessary for the calculation of
land-surface temperatures and other parameters. Figure 4.1.3 shows the variation of satellitederived albedo values for various surfaces in Finland, over a period of seven months in 1994. It
illustrates the large variations that can affect the accuracy of other parameters dependent on
accurate knowledge of albedo. One such product is Land-surface temperature, an example of
which is shown in Figure 4.1.4, mapping the maximum surface temperatures observed over
Hungary during four months in 1998.

Figure 4.1.3: The variation of surface albedo for various surfaces over Finland, from April
to October 1994, based on average AVHRR images. (FMI)
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Figure 4.1.4: Ground Surface Temperatures over Hungary for four months in 1998
derived from AVHRR data. (HMS)
Snow cover is another vital parameter, both as regards transport, agriculture and other
human activities and also as an important surface parameter for numerical models. Figure 4.1.5
illustrates a snow cover map of the European parts of Russia. This map was obtained using data
from the Visible part of the spectrum, which obviously requires cloud-free viewing conditions. As
snow extent changes less quickly than typical cloud distribution, such maps can be updated
selectively wherever there are gaps in cloud cover.

Figure 4.1.5: Snow cover over the European part of Russia in February 2001, observed
by the MR-900 (Visible band) instrument on Resurs-01 N4. The yellow line is the edge of
the main snow area. The purple line is the national boundary. (Planeta)
4.2

Floods

Floods are a major concern in many parts of the world, with periodic inundation causing
misery to many, danger to life, and enormous economic damage. This is a problem which is
unlikely to improve, given the concerns about climate change, global warming and rising sea
levels. It is not infrequent to learn of floods having return periods of several hundred years,
meaning that they were totally outside the experience of current residents, planners and engineers.
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The problem is not exclusively linked to coastal areas; major river systems far from the
sea are also subject to extreme flooding situations, nor is it confined to less developed parts of the
world; the man-made modifications to river banks can give rise to the very problems they were
trying to avoid. Increasing population pressures force habitation of more and more areas that are
increasingly prone to flooding.

Figure 4.2.1: Floods in southern Mozambique observed on 6 March 2001 using AVHRR
data. Flood waters are overflowing the Cahora Bass Dam, near Tete (marked in yellow)
on the Zambesi river. (NOAA/OSEI)

Figure 4.2.2: Devastating floods in Northern China on 1 May 1996, observed by the
NOAA/AVHRR instrument. The data were processed in PRC in near real-time to help
define the extent of the over the region. (NSMC)
Monitoring of flood events is essential in order to mobilize assistance and to help predict
the effects downstream or in neighbouring areas, should further rainfall be expected and the flood
area become even larger.
In many parts of the world flood monitoring can be achieved to an extent through in-situ
measurements but even the most dense of networks cannot fully determine the extent of flooding,
or expect to be ready to monitor extreme situations such as the floods with return periods in excess
of a century or more. The problem is to identify first the area subject to flooding and secondly
estimate the amount of water that eventually has to depart from the region concerned. What effect
will this have on down-stream locations? Satellites have an obvious role in this situation and have
been used in many parts of the world to help define flood extents. For major floods covering a
wide area, optical means can be utilized, with the extent of flooding clearly shown on AVHRR
images, as shown in Figure 4.2.1 and 4.2.2 above.
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However, in an increasingly managed environment, there is also a critical requirement for
more quantitative assessments of flood area and potential water run-off risks. Box 4.2 on the
following page indicates an approach to this problem using objective techniques and multi-spectral
data, while the remaining figures on that page illustrate an example of using the method. Figure
4.2.3 shows the lower part of the Volga-Akatuba river, flowing into the Caspian Sea, on three
different dates during the period of flooding experienced most years during spring and early
summer. This uses the visible channel of a medium resolution imager.

Figure 4.2.3: Lower part of the Volga-Akhatuba River on three dates in May-June 1998
showing the increase in flood area, imaged on the Resurs-01 MSU-SK instrument.
(Planeta)
Figure 4.2.4 shows part of the same river at higher resolution. Both clearly show that the
river has become much wider during the flood event, but this would have been obvious at ground
level. However, a quantitative analysis provides details of the extent of the flooding, as shown in
Figure 4.2.5, together with verifying data from river gauges.

Figure 4.2.4: Floods on the Volga-Akhatuba River imaged in higher resolution than in
Figure 2 on the Resurs-01 MSU-E instrument. (Planeta)
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Figure 4.2.5: Comparison between the flood extent derived from satellite data and the
water depth measured by in situ gauges. (Planeta)

Basis of Technique:
4.2 Flood detection
Quantitative analysis of flood extent requires careful calibration of satellite sensors and
sophisticated multi-spectral analysis, as illustrated in the schematic shown in Figure 4.2.5. The
key is the multi-dimensional cluster analysis. This sets thresholds of pixel values within each
image which (through prior experiments) identifies clusters of individual pixels as water or other
types of surface (forest, fields, clouds....). The multiple images can then be replaced by a single
thematic image (top of Figure 4.2.5). From this, the map of water pixels can easily be extracted
(right of Figure 4.2.5). The size of the flooded area is simply calculated from the number of pixels
identified as water.

Figure 4.2.6: Schematic of flood analysis scheme. (Planeta)
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4.3

Forest Fires

Large-scale forest and bush fires are always of concern, to the local communities and
wildlife and also because of the potential destruction of forests with all this implies. When the size
and number of fires becomes clearly visible from space on any day of the year then the situation is
clearly of great concern and not just of local interest. The ability of forest to absorb carbon dioxide
is critical to climate stability. The burning of huge quantities of biomass generates more carbon
dioxide as well as destroying the capacity to absorb this greenhouse gas. This gives rise to very
real concerns about the effect on global warming and climate change in general.
Meteorological satellites have had the capacity to monitor large-scale smoke and fire for
many decades, so the extent of destruction is well known. The fires do not have to be large to be
seen, just hot (see Box 4.3). Most awareness of this situation has been focused on tropical
forests, but the problem exists in northern latitudes as well. Figure 4.3.1 shows fires in Canada, in
an area where nearly 2 million hectares of forest were destroyed by fire during the 1994 summer
period.

Figure 4.3.1: A region of 800 x 700 km2 located in the provinces of Saskatchewan and
Manitoba in Canada during the summer of 1994. The background is an image of land
cover types and water bodies. Fires observed by satellite are in red, while fires reported
by agencies on the ground are shown in yellow. (CCRS)
Smoke palls reach great distances as seen here with recent wildfires in the western U.S.
where smoke plumes were observed well into the mid-western States (Figure 4.3.2). The red box
on this image defines the area of Figure 4.3.3, which shows the location of active fires in more
detail. In addition to concerns about air pollution and health, the impact of biomass burning is
becoming an important issue in climate modelling.

- 164 -

Figure 4.3.2: GOES-8 composite visible and infrared image showing the smoke pall from
fires in the western U.S. on 8 August 2000. The 650 mb streamlines analysis is
superimposed on this image. (CIMSS)

Figure 4.3.3: Composite multi-spectral GOES-8 image and 1 km land cover map from
AVHRR showing the active fires (red areas) on 8 August 2000, from the scene shown in
Figure 2. (CIMSS)
Figure 4.3.4 illustrates the manner in which the large-scale forest fires in Borneo could be
monitored from space, with an image from ESA’s ATSR instrument. These devastating fires are
linked to the El Niño, which at one time was thought to be a phenomenon affecting only the other
side of the vast Pacific Ocean.
The scale of the problem is difficult to comprehend. Figure 4.3.5 plots the number of hot
spots, or fires across a region of South America in the years 1998, 1999 and 2000. Remarkably,
the number of fires reached a peak of around 5,000 separate fires on two occasions in 1999. The
peak values in the following year were only half of this, but it remains to be seen if this reduction is
a continuing trend.
Figure 4.3.6 is another fire and smoke composite for South America, with a time sequence
of four small images showing the extent of fires at four times during one day. The larger images
show smoke over the same area and a derived smoke product, demonstrating the huge area of
concern.
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Figure 4.3.4: Composite image from ESA’s ATSR instrument, showing forest fires and
smoke plumes over Southern Borneo on 12 September 1997. (ESA)

Figure 4.3.5: The variation of the number of “hot spots” in a region including Brazil and
neighbouring areas. (INPE)
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Figure 4.3.6: Products from GOES-8 showing fires and smoke over South America on 24
August 1995. The small plots at left show individual image pixels identified as having
fires. The images at right show how GOES-8 can identify smoke. (CIMSS)

Basis of technique:
4.3 Forest fires
Detection of Forest Fires
The horizontal resolution of most meteorological satellites is no better than about 1 km, so it might
seem unlikely that they could be used to detect fire until they approached this size. Happily, this is
not the case. Infra-red sensors operating at around 3.7 μm can be made very sensitive to thermal
radiation, to the extent that the sensor will saturate with the heat from a fires less than 100 metres
across. This makes AVHRR channel 3 and its successors ideal for monitoring forest fires; it is the
channel used to detect the fires shown in this section.
Detection of Smoke
The optimum channels for the detection of smoke are those operating in the visible part of the
spectrum. However other channels are needed to help differentiate smoke from clouds. Typically
the visible channels are used to identify haze, then channels operating at around 3.7 μm and 11
μm are used to screen out cirrus clouds, stratus and opaque clouds, with the 12 um channel being
used to differentiate between smoke and low level moisture.

4.4

Vegetation Cover

A variety of vegetation indices can be obtained from satellite data, as evolutions of the
well-known Normalised Vegetation Difference (sometimes Density) Vegetation Index (NDVI). This
is obtained from the AVHRR instruments on NOAA satellites and similar instruments, such as the
Vegetation instrument on the SPOT-4 earth resources satellite. An AVHRR instrument is able to
view most of the Earth during daylight at least once in each 24-hour period. This makes it ideal for
mapping short-term variations in vegetation on a global scale. Over a period of a few days most
areas can be seen under cloud-free conditions, making it possible to construct weekly vegetation
charts as shown in the images on this page.
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Figure 4.4.1a and Figure 4.4.1b show global data derived by NOAA. The horizontal
resolution of these maps depends on the arrangements for the central collection of global data
from the satellites. For these global maps resolution is typically of the order of 16 km.

Figure 4.4.1a,b
Figure 4.4.1a
Figure 4.4.1b

Global Vegetation Indices for:
18 March 1998
13 Sept 1998

Both maps are weekly composites of the normalised Vegetation Difference Index
computed from data obtained by the AVHRR instruments on NOAA satellites. (NOAA/NESDIS)
Figures 4.4.2a and 4.4.2b show the same Index computed on a continental scale covering
most of Russia and adjoining areas, from data received directly from the satellite as it passes
overhead. The resolution can be the same as that of the onboard instrument, typically around
1 km.

Figure 4.4.2a: NDVI data over Russia for the Figure 4.4.2b: NDVI data over Russia for
period 17-28 July 2000 (Planeta)
the period 7-17 September 2000 (Planeta)

Figure 4.4.3 demonstrates that NDVI may be calculated on a national basis and tailored to
specific national requirements for crop forecasting and other purposes. Cumulative values of NDVI
may be used to estimate crop yields and anticipate food shortages. Figure 4.4.4 is an example of
a forecast of yields of winter wheat in China, using a combination of NDVI and conventional field
measurements.
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Figure 4.4.3: Variations in NDVI over four seasons for Hungary. (HMS)

Figure 4.4.4: Map of winter wheat distribution for the seven northern provinces of China
in 1996. Red and yellow indicate where the crop is good, green and blue where it is less
good. (NRSC)
There are many similar uses, relating to crop yields, availability of fodder for winter
feeding of livestock, and ultimately the availability of enough food in a region. Figure 4.4.5a
demonstrates a seasonality index linked to crop yields in Africa.
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Figure 4.4.5a: NDVI seasonality index for East Africa in 1990. Areas coloured orange
or red have a uni-model seasonality indicating a single growing season. Green areas
have bi-model seasonality indicating two annual growing seasons. (Univ. Lund)

Figure 4.4.5b shows the evolution of the index in cases of one and two growing seasons.
Using time series of this type it is possible to infer the start and end dates of the growing season,
together with the cumulative strength of crop growth. As well as the obvious uses, these data are
also useful for modelling applications, for forecasting and climate, to describe the surface interface
conditions.

Figure 4.4.5b: The development of the same growing seasons in two areas. b1 and b2
denote the beginning of seasons 1 and 2 while e1 and e2 denote end of seasons 1 and 2.
The upper diagram shows a single growing season and the lower diagram two growing
seasons. (Univ. Lund)
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Basis of technique:
4.4 Vegetation Cover
Techniques for mapping vegetation cover depend on the ways in which living plants reflect solar
radiation. Green leaves have a reflectance of less than 20% in the 0.5 to 0.7 μm spectral range
but about 60% in the 0.7 to 1.3 μm range (see Figure 4.4.6 below.). Use of at least two channels
tuned to these two spectral ranges means that their difference is an indicator of vegetation vigour.

Figure 4.4.6: Wavelength dependence of reflectance of a Soya bean leaf. Note the sharp rise at
around 0.65 im typical of green vegetation

4.5

Drought and Crop Monitoring

Figure 4.5.1: Total amount of rainfall for a part of the Mediterranean, during the month of
August 1996, expressed in millimetres. These precipitation vales are derived from a
combination of rain gauge measurements and multi-level cloud duration based on
Meteosat imagery. (EARS)
Drought is one of the perennial problems facing mankind, of importance for thousands of
years but never more important than in the early years of the 21st century, in light of rising
populations and concerns about climate change.
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Drought is not just a simple matter of lack of rainfall. The effects of surface water
evaporation, and of transpiration by plants (or evapotranspiration when taken together) are also
important. For a full understanding of the ultimate effects of drought the impact on crop growth
must in addition be considered, together with an increase in desertification in some regions.
Relative evapotranspiration, the ratio of the actual and the potential evapotranspiration
can be defined as a Soil Moisture Index (SMI). Figure 4.5.2 shows the difference in SMI between
1997 and 1998 in East-Africa. This example shows that the system is capable of detecting drought
in a very early stage. The drought was reported only months later by the media.

Figure 4.5.2: Soil Moisture Index (SMI) based on relative evapotranspiration (the ratio of
the actual and the potential evapotranspiration) in November 1997 and November 1998 in
East-Africa, giving early warning of drought conditions in this area. (EARS)
It is a simple matter for the farmer in his field, or the family existing on hand-tended crops,
to know when drought is becoming a problem. It is not so easy for national governments in less
developed parts of the world to gauge the extent of the problem, or for international aid agencies to
know when their assistance might be necessary.
Estimates of evapotranspiration can also be combined with the rainfall data to derive the
Climate Moisture Index (CMI). This was defined by the United Nations Convention to Combat
Desertification (UNCCD) in 1994 as the ratio of the rainfall and potential evapotranspiration (both
expressed in energy units) during a longer period of time. Hence, the CMI indicates a climatic
condition. An example of CMI for Southeast Asia the year 2000 shown in Figure 4.5.3.
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Figure 4.4.3: Climate Moisture Index over Southeast Asia for the year 2000, derived from
GMS geostationary satellite data. (EARS)
For this reason, efforts are being made in many institutes to develop reliable operational
monitoring schemes to determine the extent and severity of drought and the impact on crop yields.
One such scheme relies to a large extent on the ability of geostationary meteorological
satellites to observe most of the planet at intervals of an hour or less. This provides almost
continuous information on cloud cover, together with information on solar and thermal radiant
energy, affecting evapotranspiration.
The schematic in Box 4.5 illustrates the basic methodology that can be used to derive
rainfall amounts from visible and infrared imagery, supported by surface rain gauge data where
available. The schematic also indicates the way in which estimates of potential and actual
evapotranspiration may be obtained, depending mainly on visible and infrared images respectively.
Since crops are dependent on rainfall, evapotranspiration and soil moisture conditions, the
same basic data can be used to provide estimates of future crop yields. This can be achieved by
estimating the daily increase in crop biomass through a function based on relative
evapotranspiration, together with crop-specific factors. For yield forecasting a relative approach is
usually followed, linking relative evapotranspiration with recorded yields in former years. Figure
4.5.4. gives an example of expected maize production in Southern Africa determined using this
approach from Meteosat data.

- 173 -

Basis of Technique:
4.5 Drought & Crop Monitoring

Figure 4.5.4: Maize is important crop in Southern Africa, but it is sensitive to drought. The relative
maize yield prediction for the growing season 1999-2000 gives the expected production as a
fraction of the production under optimal conditions, i.e., with sufficient supply of water. (EARS)

Figure 4.5.5: Schematic showing an outline of the way in which hourly geostationary
satellite images can be processed to derive surface moisture indices. (EARS)
It is likely that these estimates of soil moisture, drought conditions, desertification and crop
yields will become even more sophisticated and useful as increasing use is made of new multichannel instruments on geostationary satellites flown during the first decades of the 21st century.
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5.

MONITORING THE CHANGING CLIMATE

5.1

Climate Indicators

During the last decades of the twentieth century an enormous amount of interest and
research activities became focused on the changing climate. This is certain to increase in
relevance and importance over the coming years. There are two main priorities. One is to forecast
climate change under various assumptions of human activity and other factors. This is addressed
in a later section. The other is to actually observe and measure the changing climate and to use
any available system to detect changes.
In this respect there are two challenges: because of the natural fluctuations from year to
year, it is vital to understand what is “normal” on a global scale; furthermore it is also necessary to
detect departures from normal on a global scale. The emphasis on global is vital; it is not enough
to know that one region is getting warmer or wetter; are these changes compensated by the
opposite effect elsewhere, or is it affecting the entire planet?
Satellites are uniquely able to detect these global effects. A single meteorological satellite
in polar orbit can observe the entire planet twice in each 24 hour period, leading to the possibility of
providing global estimates of parameters such as global precipitation, as shown in Figure 5.1.1,
which is actually based on the synthesis of data from two satellites. Unlike ground-based system,
one or two instruments can observe the entire earth, largely eliminating inter-regional calibration
errors.

Figure 5.1.1: 24 hour global precipitation totals based on combined use of SSM/I and
TRMM satellite data. (FNMOC)
Because of these factors, satellites are being used to establish the current climatology, or
what is “normal” for a whole range of parameters which will become of increasing importance for
the detection and measurement of climate change.
Figure 5.1.2 is an indication of upper tropospheric water vapour (UTWV) from the HIRS
instruments on NOAA satellites over a thirteen year period. This well demonstrates the average
inter-seasonal variability and forms an excellent basis for detection of future changes. These data
will play a significant role in understanding the global hydrologic cycle and assessing climate
issues such as greenhouse warming, since no other dataset provides a greater observational
sample of global atmospheric water vapour.
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Figure 5.1.2: Thirteen years of HIRS data from the NOAA polar orbiter satellites shown
for the winter (DJF-top) and summer (JJA-lower) seasons. HIRS channel 12 data are
used to observe upper tropospheric water vapour (UTWV). Low temperatures indicate a
relatively wet upper troposphere and high temperatures indicate a dry upper troposphere.
(NOAA/NESDIS)
Sea-ice coverage offers perhaps the most obvious indicator of climate change and is well
observed by satellite. Figure 5.1.3 shows seasonal changes in sea-ice based on multi-sensor
analyses of available ERS-2 scatterometer and SSM/I data valid 15 February 2000, using a
Bayesian approach to calculate the most probably ice class given the satellite measurements.
Long-term series of such measurements promise to prove a very effective way of demonstrating
climate change.

Figure 5.1.3a,b:
Ice-Edge analyses based on the use of SSM/I and ERS-2
Scatterometer data for 15 February 2000 (left) and 18 September 2000 (right). Blue
represent close drift ice while grey represent open drift. Series of such analyses over
many years would show any significant changes due to global warming. (DNMI)
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Variables such as sea surface temperatures and wind patterns are also important
indicators of climate change and are documented elsewhere in this chapter, but is not just the sea
surface that is important. Figure 5.1.4, obtained from a combination of satellite data, deep ocean
buoys and ocean models, indicates the anomalies, or departures from long term averages, of
ocean temperatures down to a depth of 400 metres over part of the Pacific Ocean. Such data
show how sea surface temperature anomalies that formed near the surface in winter could remain
intact below surface during summer, and then reappear at the surface the following winter, thereby
potentially influencing inter-annual climate variability.
These are just a few examples of the types of satellite data that are already contributing to
the understanding of climate and the detection of climate change. It is certain these uses will
increase and become more important during the coming decades.

Figure 5.1.4: Anomalies of ocean temperature from surface to 400 metres over the
central north Pacific from 1970 to 1990. (NOAA/NESDIS)
5.2

Climate Radiation Parameters

The environmental conditions at any given location on the surface of the Earth are subject
both to the ever changing weather, hour-by-hour and day-by-day, and to the much slower
evolutions of climate change. However, global conditions averaged over 12 months do not change
much from year to year. It is fairly obvious that the Earth as a planet is in long term balance with
its external environment. To achieve balance, the earth must radiate as much heat to space as it
absorbs from the sun, together with heat created within the earth system. The balance is affected
by factors such as cloud distribution and type, the so-called greenhouse gases and atmospheric
aerosols. Variations in these disturb the equilibrium, affecting global climate. The same process is
at work on a regional scale, when, depending on season, some parts of the world will be net
absorbers of thermal radiation, others net emitters. This drives the weather systems of the world.
Departures from the radiative average are of critical importance; satellite data are used to monitor
these effects.
5.2.1

Top of the Atmosphere

The atmosphere absorbs radiation from the sun and emits radiation to space, so the
radiation balance at the top of the atmosphere is a vital parameter. For this reason, satellites are
used to measure the Outgoing Longwave Radiation (OLR) at the Top of the Atmosphere (TOA)
and also the incoming Shortwave Solar Radiation. Both of these may be estimated from
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conventional imaging or sounding radiometers, using infrared channels to infer OLR and visible
channels measure reflected solar radiation. (Figure 5.2.1 and Figure 5.2.2 respectively) However,
this is not sufficiently precise for many purposes and dedicated wide-band instruments have been
implemented, including ERBE and CERES (Figure 5.2.3), which both measured radiation balance
components from polar orbit. Each instrument of this type can provide twice-daily global
coverage, but due to the sun-synchronous orbit they can only provide data at a fixed local time,
and with a limited range of solar elevations. The GERB instrument to be flown from 2002 on the
MSG geostationary satellites will address this issue by providing wide-band data covering the
short-wave (incoming) and long-wave (outgoing) parts of the radiation balance at 15 minute
intervals (Simulated images shown at Figure 5.2.4 and Figure 5.2.5 respectively). The objective
during these coming decades will be to implement and use complementary instruments in both
polar and geostationary orbits to provide full global coverage with adequate temporal resolution.

Figure 5.2.1: Outgoing Longwave Radiation (OLR) derived from the TOVS instruments
on NOAA-14 over a 24 hour period on 1-2 April 2001. (NOAA/NESDIS)

Figure 5.2.2: Incoming Solar Radiation derived from the GMS-5 satellite. (JMA)
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Figure 5.2.2: Incoming Solar Radiation derived from the GMS-5 satellite. (JMA)

Figure 5.2.3: Global Outgoing Long-wave Radiation from the ERBE instrument on
NOAA-9. (NOAA)

Figure 5.2.4

Figure 5.2.5

Simulated values of Solar Flux (incoming short-wave
solar radiation adjusted to remove viewing angle
dependencies) for the GERB instrument to be flown
on the MSG satellites. (GERB project)

Simulated values of Thermal Flux (outgoing
long-wave radiation adjusted to remove viewing
angle dependencies) for the GERB instrument to
be flown on the MSG satellites. (GERB project)
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5.2.2

Surface Parameters

The atmosphere also exchanges heat energy with the land and ocean surface, so the
measurement of the heat flux at these surfaces is also important for many applications, including
Numerical Weather Prediction and Climate Modelling. The radiation budget at the surface is an
important climate parameter, because it describes part of the energy fluxes between land or water
surfaces and the atmosphere. Negative or positive values of the radiation balance are
compensated by heat fluxes. This means that a non-balanced radiation budget is the cause of
small scale and larger scale atmospheric dynamics.
However, the components of the radiation balance are also influenced by the surface
properties, the atmosphere and by energy fluxes transported in the ocean. Although these
parameters are important they are less easy to determine through satellite measurements and can
only be deduced after complex processing, in which satellite measurements play a vital role.
Downward long-wave radiation at the surface depends on the near-surface air temperature, the
humidity, cloud cover and emittance, height and temperature of the cloud base. These are all to a
greater or lesser extent difficult to measure, so due caution must be used with regard to surface
radiation parameters derived from satellite data. Surface radiation parameters are generated at
various institutes (Figures 5.2.6 and 5.2.7), using algorithms that no doubt will be refined as new
generations of multi-spectral instruments become available.

Figure 5.2.6a (left) Cloud types derived from Meteosat imagery on 5 January 1997 at
23:30 UTC.
Figure 5.2.6b (right) The corresponding long-wave irradiance at the surface. (CMS)

Figure 5.2.7: Solar Irradiance over Europe in March 1997, derived from Meteosat image
data. (CMS)
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5.3

Climate Statistics

Meteorological and other environmental satellites gather a huge amount of information
about our planet on a daily basis. With advanced pre-operational satellites such as ERS or
ENVISAT having a data rate of some 100 Mbps, the resulting data amounts are almost beyond
human comprehension. An average book of 300 pages could be encoded into 0.5 Megabits, so
such satellites can transmit the equivalent of 200 conventional books every second. It does not
take much thought to realise that, as with conventional data, finding the relevant data for a
particular project or study, other than for near real-time operations, can be very difficult if not
impossible. Meteorological satellite data are a tremendous resource for climate studies, but the
challenge is to access the data. Not only are the data volumes huge but also the technology used
to record the data rapidly becomes obsolete. It is vital that these data remain accessible. The
efforts to re-record older data onto current recording systems are both welcome and essential.
In spite of the efforts to continually update archives it is still extremely difficult to search
retrospectively through the entire archive of satellite data to determine climate trends. For this
reason several initiatives have been taken to condense selected satellite data in near real-time in
order to establish a global climate record of practical size.
5.3.1

Global cloud statistics

Global cloud cover, including factors such as distribution, type, thickness and height, is an
important influence on climate and is also a vital indicator of the extent of climate change.
Meteorological satellites are uniquely able to map the changing patterns of global cloud cover and
therefore represent a vital contribution to the World Climate Research Programme (WCRP). The
International Satellite Cloud Climatology Project (ISCCP) was established in 1982 to address the
problem of data access, by systematically collecting and condensing satellite data for climate
studies before they are consigned to the huge satellite data archives. Data collection began on 1
July 1983 and is currently planned to continue for as long as the satellite operators are able to
provide the data. Data volumes are systematically reduced from the original data (images at 1 - 5
km resolution) to a set of statistics relating to a grid of 2.5 degrees of latitude and longitude, at
three-hour intervals. Figures 5.3.1a and 5.3.1b are examples of ISCCP products, showing the
mean cloud cover for two months in 1991.

Figure 5.3.1a: (left) and: Figure 5.3.1b (right) showing the monthly mean cloud amount
for (respectively) January 1991 and June 1991. (ISCCP)
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Figures 5.3.2a,b

GPCP estimates of average monthly precipitation (in mm/day), over
the period 1988-96.
Figure 5.3.2a.(left) GPCP averages for January
Figure 5.3.2b (right) the averages for July. (GPCP)

5.3.2

Global Precipitation

The various phases of the hydrological cycle are of vital importance for meteorology and
for climate studies. This is because of the importance of water and clouds for the continuity of life,
and because of the huge amounts of energy released and absorbed through transitions from ice to
water and to water vapour. Because of its high variability over distance and time, data on
precipitation are particularly difficult to gather by conventional means. Data are very sparse in all
except the most developed and densely populated areas of the world, and almost totally absent
over the world's oceans.
The Global Precipitation Climatology Project (GPCP) was set up to rectify this data gap by
systematically combining the best of the conventional in-situ data with the more global
perspectives afforded by the meteorological satellite systems.
GPCP is an element of the Global Energy and Water Cycle Experiment (GEWEX) of the
World Climate Research Programme (WCRP). It was established by the WCRP in 1986 with the
initial goal of providing monthly mean precipitation data, on a 2.5 x 2.5 degree latitude and
longitude grid, for the period 1986-1995. This was later extended to the year 2000. Figures 5.3.2a
and 5.3.2b are examples of GPCP products, showing estimates of average rainfall over a nine year
period, for (respectively) January and July.
GPCP is an element of the Global Energy and Water Cycle Experiment (GEWEX) of the
World Climate Research Programme (WCRP). It was established by the WCRP in 1986 with the
initial goal of providing monthly mean precipitation data, on a 2.5 x 2.5 degree latitude and
longitude grid, for the period 1986-1995. This was later extended to the year 2000. Figures 5.3.2a
and 5.3.2b are examples of GPCP products, showing estimates of average rainfall over a nine year
period, for (respectively) January and July.
5.3.3

Regional statistics

The same rationale led to the need to develop regional statistics to suit regional needs
and for particular projects. Figures 5.3.3 a,b,c show examples of Mean Precipitable Water over
Europe over three atmospheric layers in January 2001. Figure 5.3.4 shows another set of
examples, this time the mean cloudiness over Hungary, for four months in 1998.
All these examples demonstrate the value of data extraction in real-time, to obtain a
climate summary of the ever changing atmosphere.
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Figures 5.3.3a,b,c
Mean Precipitable Water over Europe
during January 2001. (DWD)

Figure 5.3.3 a: (top) shows the total
from the Surface to 300 hPa.

Figure 5.3.3b: (middle) shows the
precipitable water in the lower part
of the atmosphere, from the Surface
to 500 hPA.

Figure 5.33 c: (lower) relates to the
layer from 500 to 300 hPA.

Figure 5.3.4: Mean cloudiness during four months of 1998 over Hungary. (HMS)
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6.

FORECASTING APPLICATIONS

6.1

Synoptic Analysis

The first meteorological application of satellite data was synoptic analysis. In spite of the
advent of sophisticated computer models, this use of satellites retains its status as a primary
application, providing a bird’s-eye view of current conditions at a glance. While continuing to be
useful for classical forecasting not based on computer models, it is also a powerful tool in checking
the validity of model analyses. It was obvious from the first images received from a USA satellite in
1960 that satellite imagery could become immensely useful. This potential was fully realised as
soon as forecasters had timely access to actual examples of the satellite images themselves,
rather than the nephanalyses initially distributed as facsimile charts.
Figure 6.1.1 is a classic example of the power of a single satellite image to describe the
main features of the meteorological situation at a glance. It takes very little expertise to recognise
the areas of intense meteorological activity and the large areas of quiet anticyclonic weather.
Many other details can easily be identified by an expert. By contrast, the difficulties of
understanding such large-scale weather patterns without such images are formidable. Cloud
imagery is routinely available at all major meteorological centres, providing essential help for
synoptic analysis.

Figure 6.1.1: Meteosat visible image showing an intense depression off the west coasts
of Europe together with its associated trailing cold front. A mature depression is shown off
the coast of Norway with its occluded front over the Baltic Sea. Widespread showery
activity in the cold air over the Atlantic is contrasted with the largely cloud-free conditions
over much of France and the Iberian peninsula. (EUMETSAT)
Figure 6.1.2 provides an example of a frontal system in the South Atlantic, while Figure
6.1.3 shows the cloud clusters indicative of intense rainfall along the Inter Tropical Convergence
Zone (ITCZ) over central Africa. Figure 6.1.4 shows a widespread fog area over northern India.
The human eye is easily able to distinguish the smooth texture of the fog from the distinctive
appearance of the snow covered Himalayan mountains. The discrimination power of the eye can
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be further enhanced by viewing animated sequences of images as movie-loops on a computer
screen, the moving clouds clearly visible against the stationary background.

Figure 6.1.2: Clockwise circulation of a depression and its associated fronts shown in
this Meteosat image of the South Atlantic. (EUMETSAT)

Figure 6.1.3: Cloud clusters indicative of heavy local rainfall and a squall line, seen on a
Meteosat infrared image enhanced through colour coding of the cloud-top temperature.
(PUMA)
The monitoring and prediction of monsoon activity is important for the economy of many
regions in the tropics. Figures 6.1.5a,b are the final examples in this section and show the start of
a period of enhanced monsoon activity over India.
It is clear that whatever progress is made in the use of computer based techniques, the
use of satellite imagery for synoptic analysis will remain important.
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Figure 6.1.4: INSAT-1 image of extensive fog over northern India. (IMD)

Figure 6.1.5a
The INSAT-1 image observed at 06:00 UTC
on 4 July 2000 shows convective clouds
along the west coast of India, indicative of a
trough in the westerly winds over the Arabian
Sea. This is a precursor of an increase in
monsoon activity, as shown in Figure
8.6.1.5b. (IMD)

Figure 6.1.5b
By 06:00 UTC on 7 July 2000 the INSAT-1
image shows strong convective activity over
most of India and the beginnings of a weak
vortex over the Bay of Bengal. (IMD)
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6.2

Numerical Weather Prediction

Satellites offer the only realistic opportunity for provision of essential data for Numerical
Weather Prediction on a truly global basis. They are a key element in any forward planning for
NWP developments at any scale. Since vertical soundings of temperature were first demonstrated
in 1972, many types of satellite observation have come into operational use. By the turn of the
century it was already recognised that satellites could provide useful information on a wide variety
of areas, including:


Atmospheric temperatures, humidities, winds;



Cloud cover and type (water/ice);



Precipitation, ozone, aerosols;



Surface winds, temperatures, ice and snow cover;



Vegetation, snow depth, soil moisture.

This list does not imply that these data are available with sufficient accuracy or resolution,
but does indicate the wide range of existing satellite observations of use to NWP. Figure 6.2.1
offers just one example of the way in which data from one geostationary satellite can significantly
improve the analysis of humidity in the atmosphere.

Figure 6.2.1: Effect on the analysis of adding humidity data from the geostationary
Meteosat satellite over the Indian Ocean. There are large changes over the Indian Ocean
itself and smaller changes propagating right around the world in data sparse southern
latitudes. (UKMO)
From the early days the challenge was to find the best way to use these new forms of
data. For the first decades the preferred approach was to retrieve profiles of temperature and
humidity from the satellite radiances and to ingest them in the NWP in a format that was as close
as possible to that of the conventional RAOB (Sonde) data. This approach has many advantages;
the models did not have to be adapted to use satellite data, the new data types could readily be
checked and quality controlled against the old. It soon became apparent that this approach also
had many disadvantages.
The satellite data are asynoptic, that is they are observed continuously and are not
synchronised to the fixed synoptic times (12, 24), so they could not be given the same weight as
conventional RAOB when assimilating data at the synoptic hours. Furthermore, in spite of the
intensive research activities (and satellite instruments having a precision of better than 0.1K), the
retrieved temperatures had average errors of around 2K. As numerical models improved in the
80s and 90s, due to improved physical modelling and vastly increased computer power, the NWP
first guess could, in some parts of the world, be at least as accurate as the satellite data, which
therefore could not add new information.
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This problem was addressed on several fronts. From the satellite side a new emphasis
was placed on microwave observations to improve retrievals in cloudy, meteorologically active,
regions. The AMSU instruments flown on NOAA satellites have already demonstrated their
capabilities in that respect.
Secondly, efforts have been made to radically improve the spectral resolution of the
infrared radiometers in order to improve the vertical resolution. The IASI instrument on
EUMETSAT’s Metop satellites will demonstrate this capability.
From the modelling side, new data assimilation schemes were introduced during the late
1990s, first to reduce the errors stemming from the asynoptic data, secondly to provide an
alternative to the classical retrieval process, which adds significantly to the errors of the processed
results. Instead of converting the satellite radiances into the temperatures and humidities used in
NWP (the classical inverse retrieval), the NWP model data would be converted into simulated
radiances (which can be done without ambiguity) and compared with the satellite observations in
the radiance domain (see Figure 6.2.2 and Box 6.2).

Figure 6.2.2: Comparison of 12 μm radiances observed by Meteosat (left panel) with
simulated radiances derived from a NWP model (right panel). Simulated radiances are
used to adjust the model to match the satellite observation. (UKMO)
By 2000 this approach, known as Variational Analysis, had yielded very positive results.
The scheme in fact is so mathematically elegant that it is likely to find many applications, other
than NWP, to ensure the effective use for a variety of new forms of data.
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Basis of technique:
6.2 Variational analysis
From the late 1990s the preferred way to use satellite data in numerical models has been through
so-called variational analysis schemes, illustrated schematically in Figure 6.2.4. This uses the
Numerical Weather Prediction (NWP) model itself to extract the relevant information content.
Atmospheric parameters such as temperature and humidity are available as a by-product of the
process if needed.
The starting point for any numerical forecast is a description of the current state of the atmosphere.
This is itself normally a short period forecast, shown on the bottom line of Figure 6.2.4. Detailed
radiometric models of the atmosphere and instrument are then used to generate “Forecast
Observations”, shown at top left of Figure 6.2.4.
The simulated radiances are then compared with the pre-processed satellite observations (top right
of Figure 6.2.4) and the differences mapped back into the NWP model. This process can iterate
until the forecast observations match the pre-processed observations within previous established
error bounds. Essentially the model is adjusted until it generates simulated radiances which match
those observed with high precision by the satellite, while still remaining fully consistent with the
underlying atmospheric physics.

Figure 6.2.4:
(UKMO)

Schematic of the variational assimilation of observations into a NWP model

Figure 6.2.3 shows the results of a 1999 experiment to assess the contribution of a variety
of observing systems. Forecasts were prepared with all data, then (separately) without surface
observations, aircraft data, sonde (RAOB) data or satellite data. It can be seen that in this forecast
scheme the contribution to the forecast of the satellite observations is almost exactly the same as
that of the RAOB data. This result is attributed in part to the improvements resulting from the use
of AMSU data from NOAA satellites, available from 1998, and in part to the use of an early version
of a Variational Analysis scheme. It is expected that the advent of high spectral resolution
instruments, and further improvements in the data assimilation schemes, will make further
improvements in forecast skill.
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Figure 6.2.3: Scores for the forecast of 500 hPa heights for the period 20 September to
27 October 1999 using different observing systems. The red line shows the score for
forecasts using all data. The blue and green lines show the respective effect of removing
the satellite data or Sonde data. (UKMO)
6.3

Monitoring Tropical Storms

Typhoons, hurricanes and other severe tropical storms, known by various names around
the world, cause immense damage every year, often accompanied by many human deaths. Their
dramatic life sequences are shown vividly on satellite imagery, where their swirling circular clouds
show up as distinctive easily recognised patterns, as shown by the examples from around the
world in this section.
The prevalence of these devastating storms is shown on Figure 6.3.1 and Figure 6.3.2,
where the former shows no less than three tropical storms on the same GOES image and the latter
shows the tracks of hurricanes in the Atlantic during a single year.
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Figure 6.3.1: Hurricanes Danielle and Earl shown on the same colour enhanced GOES-8
image as Tropical Storm Isis, on 2 September 1998. (NOAA/NCEP)

Figure 6.3.2: Tracks of Hurricane centres over the Atlantic during 1995 observed by
GOES and Meteosat satellites. (NOAA/NCEP)
Thanks to satellite imagery the problem of identifying and tracking tropical storms has
been largely solved; it would be surprising if a single tropical storm escaped detection anywhere in
the world. The factors which influence their formation and development are well understood and
implemented in models which, together with the satellite imagery, give highly accurate forecasts of
storm movement and intensity.
Satellite information is not limited to the dramatic imagery. Figure 6.3.3 shows a Tropical
Cyclone in the Pacific, close to Vanuatu, with the GMS geostationary cloud imagery supplemented
by surface wind vectors derived from the QuickScat Scatterometer. Multi-sensor, multi-satellite,
techniques like this are extremely useful in determining the most active areas of the storm, and
their evolution.
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Figure 6.3.3: Tropical Cyclone Paula passing over Vanuatu in late February 2001, shown
in a GMS-5 satellite image with superimposed surface winds from QuickScat. (MSNZL)

Figure 6.3.4: GMS-5 image of a Typhoon close to Japan with superimposed cloud-track
winds. (Blue vectors are low-level clouds, pink vectors are high-level clouds and yellow
vectors are winds derived by tracking water vapour). (JMA)

It is the fact that satellites provide sequences of images that makes them so valuable.
Figure 6.3.5a shows a Tropical Cyclone observed by Meteosat between Madagascar and
Mozambique, while the sequence of small images in Figure 6.3.5b shows the progression over six
days of a similar storm almost exactly one year earlier.
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Figure 6.3.5a,b:
Figure 6.3.5a: (top) shows a Meteosat image of a Tropical Cyclone (top) between
Madagascar and Mozambique on 9 February 2001, while
Figure 6.3.5b: (bottom) shows the evolution of a similar storm one year earlier. (PUMA)
Figure 6.3.6 is another example of the same capability, with four daily images from FY-1c
of a Typhoon over the South China Sea and the mainland. Finally, Figure 7 shows a Meteosat
image of a tropical storm in the Arabian Sea. Prior to the advent of satellites it was not well
understood how prevalent tropical storms were over the data sparse Indian Ocean. Now, as shown
by Figures 6.3.6 and.6.3.7, their existence can easily be recognised.

Figure 6.3.6: Sequence of daily images from PRC’s FY-1c satellites, showing the
evolution of a Typhoon as it forms over the South China Sea, develops and moves to the
mainland close to Hong Kong before starting to dissipate over the Nan Ling mountains.
(NSMC)
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Satellites provide detailed information about the evolution of tropical storms, but this is not
enough to prevent loss of life or damage to property.
In societies with a well developed infrastructure, loss of life can be minimised through
systems of adequate warnings, effective means of transportation to take people away from areas
at risk, and well-constructed buildings to protect those that stay. In regions with a less developed
infrastructure, loss of life can still be catastrophic, in spite of the ability to provide several days of
warning, due to inadequate communications and transport systems together with buildings that
cannot provide adequate protection. Much still needs to be done to actually obtain best benefit
from the warnings made possible by the wide availability of helpful satellite data.

Figure 6.3.7: Meteosat-5 image of a Severe Tropical Storm approaching Pakistan and
India from the Arabian Sea on 9 June 1998. (EUMETSAT)
6.4

Products for Nowcasting

In this section the term “Nowcasting” is defined as forecasting the weather over very short
periods - a few hours at most - using techniques that may be computer assisted but do not rely on
NWP models. The following two sections discuss products and techniques relevant to the human
forecaster, although some will have relevance to improvements in NWP models over the years.
While original satellite imagery is excellent for synoptic analysis from the mesoscale to
global, the basic images contain far more information than can be absorbed or even detected by
the human analyst. The human eye can reliably distinguish fewer than 30 levels of grey, while
satellite images are made up of picture elements (pixels) that have a much higher range of digital
values, often as many as 1,024 levels or more. Furthermore, the information is available in several
spectral channels, so the amount of available information is far greater than can be displayed in a
single image in the original grey scale. Colour enhancement is a basic tool, as illustrated in Figure
6.4.1 which shows a Meteosat infrared image of Hungary, together with a derived product,
enhanced to show colour coded cloud-top temperatures. This is one of the simplest of products to
generate, requiring in its basic form only the calibration table for the infrared image, but displays far
more information than the original image. Figure 6.4.2 is another example of calibrated cloud
temperatures for a cold front moving across Spain, showing clearly where the heaviest rainfall is
likely to occur.
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Figure 6.4.1: Central Europe, showing (top) the original infrared Meteosat Image and
(lower panel) the same image enhanced by colour coding of cloud top temperatures.
(HMS)

Figure 6.4.2: Enhanced Meteosat imagery, showing a cold front moving across Europe,
colour-coded with cloud-top temperatures. The red and orange areas show the coldest
cloud tops; the most likely locations for the heaviest rain. (INM)
Figure 6.4.3 takes the analysis of image data a stage further, with an image from single
NOAA visible channel alongside a cloud-classification product showing cloud-type, derived from
multi-spectral data from the same satellite. This requires more complex processing, involving
multi-spectral histogram analysis and other techniques, but is a stage towards automatic analysis
of the cloud scene. A wide variety of other derived products are possible, with Figure 6.4.4 and
6.4.5 showing examples of cloud-top pressures (obtained by linking cloud-top temperatures to
atmospheric profiles of temperature) and effective cloud amount.
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Figure 6.4.3a (left)
A visible image from NOAA-14, showing textural information but
difficult to interpret.
Figure 6.4.3b (right) A cloud-classification product, derived from multi-spectral data
over the same scene as shown in Figure 8.6.4.3a. (FNMOC

Figure 6.4.4: Map of Cloud-Top Pressures derived from GOES Sounder data over the
USA and Pacific. (CIMSS).

Figure 6.4.5: Colour coded Effective Cloud Amounts are also derived from multi-spectral
GOES Sounder data over the USA and Pacific. (CIMSS)
A more ambitious product is shown in Figure 6.4.6, which is a map of the calculated Lifted
Index over the USA. The Lifted Index is a measure of atmospheric stability. It represents the
buoyancy that an hypothetical air parcel would experience if lifted mechanically from the surface to
the 500 hPa level in the atmosphere.
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Figure 6.4.6: Lifted Index, a measure of atmospheric stability, derived over the USA from
multi-spectral GOES-8 Sounder data. (CIMSS)
An apparent limitation of the lifted index is that it can only be derived in cloud-free areas.
However, this is in fact an advantage, as it indicates areas where vigorous convective cloud is
likely to develop. Such forecasts may be improved by knowledge of atmospheric humidity, using
products such as the map of surface Relative Humidity over Brazil, illustrated in Figure 6.4.7.

Figure 6.4.7: Chart of Relative Humidity at the 1,000 hPa (near surface) level derived
from NOAA-14 sounding data. (INPE)
These and many other potential products offer an almost bewildering array of information
to the human analyst. Because of this, efforts are being made in many centres to automate many
of the processes involved. This is discussed in the following section.
6.5

Tools for Nowcasting

This section continues the emphasis on tools for the human analyst charged with
forecasting weather in great detail over the coming few hours. This task will remain important in
many regions of the world, even though short period Mesoscale NWP computer models will
become increasingly effective in forecasting from three to six hours ahead and long periods. The
expertise gained in developing satellite-based products and tools for nowcasting will doubtless in
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future become relevant to the NWP models. Meanwhile, for the foreseeable future, the human
forecaster will be faced with the challenge of absorbing information from an increasingly wide
variety of sources that include surface-based radar and other systems, as well as satellite data.
Efforts are being made at several centres around the world to try to ease the data-overload on the
human analyst.
On-screen computer animation of successive images from geostationary meteorological
satellites is a successful technique that is easy to implement, given the massive computing power
of even small personal computers, and is in widespread use. This technique obviously cannot be
demonstrated in this document, but Figure 6.5.1 illustrates the life cycle of a convective storm with
24 images that could be displayed as an animated sequence in far more detail. Flexible and ever
more powerful computer display facilities are useful tools for the forecaster in other ways. Figure
6.5.2 demonstrates the way in which data from multiple sensors and satellites can be displayed
simultaneously on one screen, give the analyst a multi-sensor view of the same scene. The image
in Figure 6.5.3 demonstrates two features; one the powerful and flexible on-screen controls of this
image handling system, and secondly the ability to merge three satellite scenes into one, using a
technique often known as true-colour, in a way which highlights possible areas of precipitation in
white. This might be regarded as too complicated for routine use in an operational environment, so
the search continues for methods that simplify the work load of an operational forecaster

Figure 6.5.1: Sequence of 24 Meteosat infrared images showing the life cycle of a large
convective storm over Slovakia. In practice this would be displayed with far more detail as
an animated sequence on a computer screen (SHMI)
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Figure 6.5.2: An array of images from two satellites (GOES-10 and DMSP) and four
sensors. Top left, infrared clouds and cloud-top temperatures, top right water vapour,
lower left surface wind speeds, lower right precipitable water. (FNMOC)

Figure 6.5.3: A flexible image display system with visible, water-vapour and infrared
Meteosat images displayed (respectively) in Red, Green and Blue. Where all three
images have maximum intensity the resulting white areas are bright, humid and cold.
(SHMI)
One of the most useful attributes of cloud imagery is its ability to visualise a wide range of
meteorological phenomena. Large-scale synoptic features such as fronts, depressions and
tropical storms are of course obvious in any cloud image, even to the untrained eye. Beyond this,
the perspective offered by satellite cloud imagery and other aids, such as ground-based radars,
has helped in the definition of large numbers of Conceptual Models (CM) that help to give an
insight into the future development of specific features that can, with suitable training, be readily
identified on satellite imagery. Figure 6.5.4 is a Meteosat infrared image, with numerous CM
identified, representing both synoptic and mesoscale features. “FI” for example is associated with
Frontal Intensification, identified by the cloud features. The superimposed isotachs confirm this
feature of the CM analysis, showing a classical “left jet exit” in the same region, another indicator of
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frontal intensification. CM charts can be analysed at one location and distributed to many
forecasting centres, but there is still a need to make the CM analysis automatic. This would save
time (crucial in a nowcasting environment), could be more objective, and could serve as an input to
specialised nowcasting and short period models.
The automatic classification of CM (using both satellite and model inputs) is shown in
Figure 6.5.5, where symbols such as C, W or O are used to define (respectively) Cold, Warm or
Occluded fronts identified by the algorithm, while wave symbols (~) are colour coded to show
different state of development. The intensification area is shown here by “ji” in yellow, matching
the “FI” CM identified by manual means in Figure 6.5.4.

Figure 6.5.4: Examples of applicable Conceptual Models superimposed on a Meteosat
Image. Also shown are 300 hPa isotachs from a NWP model. (ZAMG

Figure 6.5.5: Meteosat infrared image overlain with symbols representing automatically
derived Conceptual Models applicable to the relevant area. (ZAMG)
Although all the examples shown so far in this section are helpful in understanding the
meteorological situation, and, through CM, giving a basis for a forecast, they do not in themselves
provide an actual forecast. This a goal that must be addressed through further research if best use
is to be made of satellite data for very short period forecasting. One example of an actual forecast
derived entirely from satellite data is shown in Figure 6.5.6. Here the solid colours represent cloudtop temperatures derived from Meteosat infrared imagery. Cloud motion winds (Section 2.4) have
been used to advect the cloud boundaries to provide a two-hour forecast of cloud boundaries, at
the positions shown by the solid lines. Dotted vectors in green, cyan and blue show the advection
of precipitation events over the two-hour forecast period. Areas outlined by black lines show where
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cloud development (solid lines) or dissolution (dashed lines) has taken place during the past 30
minutes, and are areas where non-advective processes are at work.

Figure 6.5.6: Meteosat infrared image colour coded with cloud-top temperatures,
together with two hour forecast of cloud edge locations (solid lines), forecast tracks of
precipitation events (dashed vectors) and areas of current cloud development or
dissolution (black lines). (ZAMG)
This is an example of a real forecasting tool. Such tools are the objective of further
research, using pattern recognition and artificial intelligence techniques to provide assistance to
the human analyst overwhelmed with raw data, and no doubt leading to automatic Nowcasting
forecasts for many parameters.
7.

CLIMATE APPLICATIONS

7.1

Verification of Climate Models

Climate models are very similar to the models used for Numerical Weather Prediction,
with the notable exception that, unlike standard NWP models, they obviously cannot be
continuously updated with real observational data.
Climate models must start with a
comprehensive initial description of the system they are modelling and then use this as a basis for
long-term predictions over many decades or even centuries. Due to the complexity of the problem
it is necessary to model not only the atmosphere, but increasingly the full planetary system. The
ever moving oceans store and transport huge amounts of thermal and kinetic energy, as has been
seen in previous sections of this chapter, and are crucial to understanding climate. Feedback from
surface conditions; forests, vegetation, snow and ice also have to be taken into account. Satellites
play an important part in defining the initial conditions, as with atmospheric models and ocean
models, but that is not the end of the story.
With the spectre of climate change continuously present, especially those due to
anthropomorphic activities, difficult choices face the world with profound economic implications. If
difficult economic and political choices have to be made then there has to be confidence in the
models used to predict the evolution of climate under different assumptions.
New NWP models can easily be tested over a few months and their forecast results
compared with actual conditions. Improved forecast scores can then be used as evidence for
relying on the new models on an operational basis. The same is not true for Climate models
integrated over a period of decades, as it is clearly not acceptable to wait for thirty or fifty years
before determining that the model is producing useful results. A different approach is needed. A
technique of growing value depends on the work done in NWP and elsewhere to use precise
radiative transfer models to derive simulated satellite radiances from the model variables. In NWP
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these simulated data are increasingly used in Variational Analysis schemes (outlined in Section
6.2) to assimilate satellite data.
Within climate models the use of simulated observations is primarily for verification that
the model accurately reflects the real atmosphere, under the starting assumption of no change
from present conditions (no change in present anthropomorphic activities, no major volcanic
activity, no changes in solar heating, for example).
It is clearly unrealistic to expect a climate model to predict precise conditions even a
month in advance, far less a decade or century, but if the model is a good analogue of the real
atmosphere then long term averages from the model should be very close to those of the real
world. With this in mind, the model is integrated for a number of years or decades and used at
each time step to generate simulated observations. These can then be averaged and compared
with the averages derived from real data. Satellites are the only source of truly global data, so the
comparison is often made with satellite data.
As well as averages over a period of years, shorter-term averages are also of value.
Figures 7.1.1 and 7.1.2 demonstrate that a particular climate models has within its virtual world a
realistic simulation of El Niño/La Niña events. It is essential that the virtual world has these
characteristics; if the long term averages can be shown to be realistic when compared with real
data then there can be increased confidence in the ability of the model to correctly forecast the
future.

Figure 7.1.1a: Rainfall amounts derived from the TRMM satellite for January 1998,
during an “El Niño episode”. (UKMO)

Figure 7.1.1b: Rainfall amounts during an “El Niño episode” predicted by a climate
model. The characteristic rainfall patterns shown in figure 1a can easily be recognised.
(UKMO)
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Figure 7.1.2a: Rainfall amounts derived from the TRMM satellite for January 1999. The
retreat of the rainfall pattern across the Pacific, compared to that shown in Figure
8.7.1.1a, is characteristic of conditions during a “La Niña period”. (UKMO)

Figure 7.1.2b: Rainfall amounts during a La Niña period” predicted by a climate model.
The model shows the same patterns of precipitation change as the TRMM observations of
events in the real atmosphere. (UKMO)
Having taken this verification step, changes can be made to the starting assumptions,
such as gradually increasing amounts of green-house gases assumed by the model, to predict
climate change under a variety of assumptions.
7.2

Ocean Climate Models

Climate variability is experienced primarily through meteorological effects, with concerns
about the weather becoming more wet, or drier, or warmer or more cold. However, it is the state of
the world’s oceans that drive the global climate system through their vast store of thermal and
kinetic energy.
To understand and predict climate it is certainly necessary to understand, model and
predict the behaviour the oceans. Monitoring the deep oceans is even more of a challenge than
monitoring the global atmosphere. The average depth is around 5,000 metres, but deep valleys
descend to 10,000 metres, or even more than this in the Pacific. Direct measurement of deep
ocean parameters is both difficult and expensive, and there are far fewer observations of the deep
ocean than there are of the atmosphere. Satellites cannot measure below the surface, but their
measurements provide vital information that can be merged with the few in-situ measurements,
through ocean models, to form a comprehensive picture of the ever-changing oceans. The models
provide the physical laws that the observations have to fit. Satellite measurements provide
information on surface parameters such as:



Sea Surface Temperature;
Surface Winds;
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Sea Ice;
Waves;
Currents;
Ocean Level;
Ocean biomass.

From these observations, characteristics of the deeper ocean can be inferred, for example
surface temperature and ocean levels, taken together, provide indirect information on deep ocean
temperature, salinity and the upwelling of cold water from the depths. Observations of ocean
currents and biomass provide further information on vertical movement deep under the surface. If
all these data are systematically assimilated into an ocean model in a way that is consistent with
the physics and consistent with the few direct measurements, then a surprisingly detailed picture
can be built up of the changing structure and dynamics of the world’s oceans.
Figure 7.2.1a is an example of climatological values of temperatures across a section of
the North Atlantic down to the ocean floor at around 5,000 metres below the surface. Because of
the lack of observational data this is a very simple representation, showing only the very basic
characteristics of the ocean, with a deep cold current flowing South along the coast of
Newfoundland and a shallow warm current flowing north along the eastern seaboard.
Much more detail is presented in Figure 7.2.1b and Figure 7.2.1c, showing ocean
temperatures along the same section in 1991 and 1997 respectively. These sections were derived
from inverse ocean models making use of the wide range of surface parameters available from
satellites. The difference in the amount of detail, compared to Figure 7.2.1a, is remarkable. There
are also obvious differences between the two years, making the combination of model and
satellite observations of the surface a vital tool for monitoring the deep ocean.

Figure 7.2.1a: Climatological values of deep ocean temperatures across a section of the
North Atlantic from Newfoundland to the Southern tip of Greenland to the West coast of
Ireland. Temperatures are in degrees Celsius, depths in metres, in two ranges; surface to
about 500 metres depth and surface to about 5,000 metres. Lower scale is degrees of
longitude. (DWD)
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Figure 7.2.1b: 1991 estimate of ocean temperatures based on dynamical extrapolation of
satellite observations of surface winds, sea-ice, sea surface height and sea surface
temperatures with inverse ocean circulation model. (DWD)

Figure 7.2.1c: 1997 estimate of ocean temperatures, otherwise as Figure 7.2.1b. (DWD)
The three images shown in Figures 7.2.2a,b,c represent the cross-section of salinity
across the north Atlantic, for the same area and obtained through the same modelling process as
for Figures 7.2.1a,b,c. It can readily be seen that the ocean state estimates obtained by
assimilation of satellite data resolve a high degree of detail in the density field of the ocean interior
that is not seen in the climatological values, or can otherwise be inferred from surface data. The
variability of these features in the global ocean controls the global climate.
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Figures 7.2.2a,b,c Ocean Salinity for the same North Atlantic Section as Figure 7.2.1.
The colour scale is in Practical Salinity Units (PSU). The standard climatology is shown in
Figure 7.2.2a (top), while the modelled values shown in Figure 7.2.2b (middle) and 7.2.2c
(lower) are for 1991 and 1997 respectively. (DWD)
It is not only static parameters that can be inferred in this way. Figures 7.2.3a,b shows
the mass transport of water across the Atlantic, illustrating the huge magnitude of water moved by
the deep ocean currents.
All of the illustrations in this section are of the Atlantic, but similar detail can be obtained
from other oceans, linking changes in the deep ocean with phenomena such as El Niño.
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Figure 7.2.3a, b North-South sections through the Atlantic from 90 degrees
degrees South, showing the integrated stream function of the basin from
boundary (Europe, Africa) to the western boundary (the Americas). Figure
and Figure 7.2.3b (lower) show the situation in 1991 and 1997 respectively.
scale is the mass-transport in Sverdrups (=109 kg/s). (DWD)
7.3

North to 30
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Monitoring El Niño

El Niño is not a new phenomenon. It was first recognized by fishermen off the coast of
Peru who detected long-term changes in the normal direction of the off-shore currents, together
with warmer water and a dramatic decline in their catches. Scientific correspondence more than a
century ago noted the connection with significant periods of rain in otherwise dry inland areas of
South America. These spells of warmer water generally arrived close to Christmas, leading to the
name of El Niño, meaning The Little Boy or Christ Child. The reverse effect, namely anomalously
cold conditions off South America, has come to be called La Niña, or Little Girl
It was only after the advent of satellites that it became apparent that El Niño is not just a
local or even a regional phenomena, but part of a huge set of changes affecting the ocean and
atmosphere over the entire Pacific Basin. Figure 7.3.1 shows Pacific Sea Surface Temperatures
measured by satellite in three different Decembers. The variation in different years is obvious.
Figure 7.3.2 shows satellite derived Sea Surface Temperature again, this time as a long-term time
series spanning 12 years. The variations between years are clear, with a “cold event”, or La Niña,
in December 1988 and a “warm event”, or El Niño, December 1997.
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Figure 7.3.1: Sea Surface Temperatures in three different Decembers, measured by
satellite: 1988 (top), 1990 (middle), 1999 (lower) (NOAA/PMEL)

Figure 7.3.2: Monthly Mean Sea-Surface Temperatures derived from satellite data for the
Pacific between 20S and 20N for the period 1988 to 2000. The left panel shows the actual
SST, the right the anomaly, or departure from average. (NOAA/PMEL)
What makes this so significant is that the Pacific Ocean covers a third of the entire planet;
the major changes occurring here can affect the weather and climate everywhere.
Satellites are helping to detect and measure the effects of these massive variations in the
Pacific using a wide variety of sensors, used to measure surface winds, sea levels and
precipitation, as well as SST.
Figure 7.3.3 shows both Sea Surface Temperatures and Surface Winds measured by
satellites during the El Niño event of 1997, while Figure 7.3.4 combines precipitation
measurements with SST for the aftermath of the same event. The precipitation effects are of direct
importance to many locations on the fringes of the Pacific, leading to periodic droughts and forest
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fires in Southeast Asia and Australia as well as to exceptional rainfall and floods in South America.
Links to weather phenomena in other parts of the world are also likely, subject to further research
based on satellite and other data.

Figure 7.3.3: The El Niño event of 1997, showing Sea Surface Temperatures and Sea
Surface Winds. (JPL)

Figure 7.3.4: Two views of the dramatic changes in Precipitation (top panels) and Sea
Surface Temperature anomaly (lower panels) after the El Niño event of 1997/1998
(NASDA)
Finally, Figure 7.3.5 shows observations and anomalies of zonal surface winds, sea levels
and SST. It is noteworthy that Figure 7.3.5b shows some parts of the Pacific 200 mm higher than
average - representing an immense flow of water carrying heat energy that is bound to have a
profound effect on global weather. The challenge is to find the links.
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Figure 7.3.5: Time Series from three satellite sensors, each showing zonal surface
winds, sea levels and SST. Panels (a) at left show actual conditions. Panels (b) at right
show anomalies, or departures from average. (NOAA/PMEL)
8.

SUPPORT FUNCTIONS

8.1

Training

Satellite images and other form of satellite data are very important training aids for
meteorology because they vividly illustrate from "a bird's eye view" a huge variety of weather
patterns. Sequences of images can be obtained at intervals of 30 minutes or less, so it is possible
to create image movies showing how weather systems develop over periods of hours, days or
longer. As a consequence, satellite imagery and meteorological parameters retrieved from satellite
data contribute substantially to training in meteorology, both at universities and in the schools of
the National Weather Services.
The importance of satellite data and relevant training needs has been noted by WMO,
whose Executive Council has endorsed a long-term strategy for training, focusing primarily on the
needs of developing countries. The strategic objectives are to build on and support existing
infrastructures so that users can work independently, to focus on the training of instructors in the
developing countries (“train the trainers”), and to help ensure that new developments in satellite
capabilities are brought quickly and efficiently into operational use. This emphasises the
importance training to WMO programmes and the fact that meteorological satellites now play a
vital role in this activity, with material support and sponsorship by satellite operators and satellite
research centres from around the world.
Every cloud image portrays several kinds of meteorological phenomena and can be used
as a basis for instruction. This capability is not limited to a two-dimension representation of
weather systems; infrared images provide cloud top temperatures that give an indication of the
three dimensional nature of cloud systems, water vapour imagery can help to describe vertical air
movement. Information from other sensors can be added, to provide further insights.
All this information is of great practical help in the provision of training and education.
Text books on meteorology now rely heavily on illustrative material from cloud imagery. Useful
though text books are, they fall short in one important respect. Animated sequences of images
display the moving atmosphere and illustrate the dynamics of weather pattern development in a
self-evident manner.
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With the advent of cost-effective personal computer systems, this characteristic can
readily be exploited for training purposes. Self-tuition courses using CD-ROM or on-line to the
Internet are readily available, where the student can not only visualise meteorological phenomena
on the computer screen, but see them in animated form, together with other helpful information,
such as computer generated streamlines and contours.
Figure 8.1.1 illustrates one major training initiative. The EuroMet consortium, formed by
20 European institutions plus one in Canada and one in Australia, has developed 66 satellite
training modules with a total of some 100 hours of learning time. The material available in these
modules has been specially developed for computer access to allow immediate comparison,
animation and browsing in a way that is impossible using printed media.

Figure 8.1.1: An example of the teaching modules available on the Internet. The
illustration shows part of 10 different interactive case studies of polar lows that make
extensive use of a wide variety of satellite data. (EuroMet)
Meteorological satellites provide a unique insight into the weather of the world, but in few
places is this more important than in Africa. The food supply of the entire continent depends on
proper growing conditions and it is well known that in extensive regions bordering the deserts the
rains may fail altogether or arrive at the wrong time for the crops. Understanding and predicting
African weather conditions can be a major factor for successful agriculture. This is difficult to
achieve using conventional surface-based meteorological observations, which hardly exist over
many parts of the continent. The patterns of weather fronts and pressure patterns that are so
familiar in mid latitudes and nearer the polar regions are not applicable over much of central Africa
where different types of weather systems exist. These are less easy to predict by Numerical
Weather Prediction (NWP) computer models. In these circumstances, the easy availability of
meteorological satellite data is of great value. Furthermore, appropriate training is essential to
make effective use of the images and other services available from meteorological satellites.
Several initiatives have been taken to address this important activity. Routine training courses are
undertaken at centres within Africa in conjunction with the WMO. Course material prepared on CDROM (Figure 8.1.2), in the French and English languages, enable students to work through the
material on an individual basis using a PC interactively, and at their chosen pace.
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Figure 8.1.2: An example of a screen shot from the ASMET course for Satellite
Meteorology in Africa. A Meteosat VIS image (top) is compared with a conventional
meteorological chart improved through the use of satellite data. The total absence of
surface-based data over the central area is the usual situation and helps to explain why
satellite data are so useful in Africa in particular. (GTZ)
The wide availability of satellite cloud imagery illustrating all meteorological phenomena
has helped in the definition of numerous Conceptual Models (CM), which provide a description of
the physics and dynamics of the underlying processes of particular phenomena. Identification of a
particular CM on an image is helpful both for forecasting purposes and for training. An extensive
library of CM training material on CD-ROM has been developed by a consortium that includes
KNMI, ZAMG and FMI. Figure 8.1.3 shows one of many case studies using CM. showing a cold
front approaching western Europe.

Figure 8.1.3: Example of a case study illustrating Conceptual Models in the context of a
cold front approaching western Europe. The Meteosat infrared image is overlain with the
1,000 hPa and 500 hPa contours (red and green respectively), areas of Positive Vorticity
Advection (Yellow), and the abbreviations of relevant Conceptual Models. (ZAMG)
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8.1.1

Virtual Laboratory for Satellite Data Utilization

All these examples form what might be called a first generation of satellite use tutorials.
With the advent of ever more powerful desk-top computers and even more innovative ideas, the
idea of a quasi-global cooperative effort to improve the use of satellite data was initiated in 2001,
with the concept of “The Virtual Laboratory for Satellite Data Utilization (VL)”.
This is a collaborative effort joining the major satellite operators across the globe with
WMO “centres of excellence” in satellite meteorology. Those “centres of excellence” serve as the
satellite-focused training resource for WMO Members across the globe and include the five WMO
Regional Meteorological Training Centres and the Australian Bureau of Meteorology, while the four
satellite operators presently involved are the USA (NESDIS), Europe (EUMETSAT), China
(NSMC), and Japan (JMA). Over the coming decade this initiative is expected to coordinate many
more training facilities, using state-of-the-art concepts.
8.2

Data Delivery

Data communications have been touched on already, but it is worthwhile to revisit this
essential operational aspect of data utilisation in more detail.
8.2.1

Analogue Imagery

Meteorological satellites have supported direct broadcast of data to user stations around
the world since the first APT (Automatic Picture Transmission) system was implemented on a
NOAA polar satellite in 1970. That system transmitted data in analogue form intended for
reception by a simple radio receiver and printing grey-level images on standard weather-facsimile
machines. A compatible system was implemented by the USSR on its Meteor satellites. Within
the following decade a similar system, to be known as WEFAX, was implemented by the USA,
Japan and Europe on their meteorological satellite systems (respectively, GOES, GMS and
Meteosat).
Users soon found that they could digitise the in-coming signal and display images with far
better grey-level discrimination on the personal computers that were becoming available in the
early 1980s. The standardization of systems and cost-effective user stations helped to encourage
wide-spread implementation of thousands of such systems around the world, in meteorological
centres, universities, schools and even by individuals and interested groups such as gliding and
sailing clubs.
8.2.2

Digital Imagery

Broadcast of high quality, full resolution, data in digital form has taken place in parallel
with the analogue imagery from both polar and geostationary meteorological satellites. Requiring
larger and more complex user stations than for analogue data reception these systems (HRPT for
polar satellites, HR for geostationary satellites) came into wide-spread use at larger meteorological
centres as costs started to fall in the late 1980s.
8.2.3

Additional Broadcast Data

As well as their original use for transmission of image data originating from the
transmitting satellite, both the analogue and digital systems came to be used for other purposes.
The HRPT system on polar satellites transmits data from sounding instruments, and other sensors,
as well as image data. Individual geostationary satellite systems are also used to broadcast
imagery from other satellites. Users of the Meteosat satellite can routinely receive images from all
five of the geostationary satellites, giving world-wide coverage of cloud imagery with a single
antenna and receiving system. The same systems are used to transmit other meteorological
information, such a meteorological charts in image format and standard meteorological bulletins.
Dedicated channels for this (known as Meteorological Data Distribution-MDD) were implemented
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for this purpose on later versions of Meteosat. With some 140 MDD user stations installed in more
than 60 countries this has totally transformed the capability for effective meteorological
communications in Africa.
8.2.4

Data Collection

As well as their data broadcast systems, all meteorological satellites have data collection
capabilities where observations from automatic data collection platforms (DCP) in remote areas
can be transmitted to a meteorological satellite, relayed to its central ground station and then
transmitted to users over the WMO networks or by other means. Mobile DCPs, such as those
installed on ships, buoys or balloons, generally transmit through the NOAA polar orbiting satellites,
as this system also has the capability to use Doppler techniques to determine the location of the
DCP. Both mobile and fixed DCP can transmit their data to the nearest geostationary satellite.
Large amounts of surface-based observational data are collected in this way, with one
geostationary satellite routinely transmitting more than 300,000 observations through the satellite
and some 100,000 bulletins over the WMO networks each month.
8.2.5

Time for Change

The first generation broadcast systems implemented on the 1970s survived with
remarkably few changes until the end of the century. It is in fact difficult to change operational
systems with such a large user base scattered around all parts of the world, as all of those data
reception facilities also have to be changed by the users concerned.
However, before the end of the century it was clear that all systems needed substantial
updates in order to cope with the vastly increased data rates of new generation satellites, as well
as to change from obsolete technology. Discussions amongst all of the satellite operators through
the medium of the Coordination Group for Meteorological Satellites (CGMS) and user communities
including WMO have led to the definition of upgraded systems for the operational satellites to be
flown from the first years of the new century.
8.2.6

New Generation Systems

The new broadcast systems will be phased in over the early years of the new century as
each individual satellite operator introduces a new generation of its satellites. The new systems
will be all digital, with the analogue systems being phased out. In future meteorological satellites
will broadcast two digital data streams, one using high data rates intended for main meteorological
centres, the other at lower data rates, suitable for lower cost receiving stations. It is worth noting
that the latter so-called low-rate systems will in fact operate at a higher effective data rate that that
of the previous generation of High Resolution digital transmission, enabling a huge increase in the
amount of data transmitted even to the relatively low cost stations.
Supporting services, such as the transmission of meteorological data and the relay of
information from Data Collection Platforms, will be incorporated into the new image transmission
systems, adding further convenience to the user community. Support for Data Collection Platforms
will continue.
8.2.7

Longer Term Outlook

Commercial communications satellites are increasingly offering the kinds of broadcast
service and facilities that for many decades the Meteorological Satellite operators have
incorporated into their satellites. During much of that period there was no realistic alternative to
this approach, with the meteorological satellites acting as powerful communications satellites as
well as instrument platforms. In the future it may become cost effective to make more use of these
commercial services rather than build expensive satellite broadcast systems into the dedicated
meteorological satellites.
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This concept is under continuous review, both by the satellite operators and WMO, in
order to achieve the most cost-effective and efficient system for the future. WMO is particularly
concerned that systems remain coordinated, as with current systems, to avoid a proliferation of
different standards and types of expensive receiving stations. The satellite operators on their part
review the status of alternative broadcast systems each time they develop a new generation of
meteorological satellites. Already commercial systems are used as part of the data systems of
many satellites, including broadcast of processed data to end users in some cases, and for other
data links. This trend is likely to expand. The Data Collection Mission will probably remain a
function of dedicated meteorological systems, as there is only a modest market for this capability.
The implementation of such changes would require careful planning and a lead-time of many years
after the decision is made. Such a step is not expected to be implemented on a short-term basis,
but could well be considered for use during the second decade of the century, with a long period of
notice given to all users.

