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In this issue
The WMO Information System (WIS)
will be revolutionary and evolutionary
in providing WMO Members with
the ability to meet requirements
for exchange and access to data
and products in the 21st Century:
revolutionary, in that it will dramatically
extend Members’ ability to exchange
and access weather, water and
climate information and improve
the collection and distribution of
data and products—evolutionary,
in that it will build upon the Global
Telecommunication System (GTS)
in a way which includes upgrading
capabilities of all Members at an
affordable pace.
WMO Members’ mandates now cover
weather, water, climate and related
natural disasters. In meeting national
demands for better, faster and more
efficient services, WIS will be the
core information system utilized by
WMO Members and it will provide
linkages for all WMO and supported
Programmes.
In this issue, several focused articles
explain in detail the WMO Information
Sys tem and the benef its to be
derived from it—from both user and
provider perspectives. The need for
an enhanced information system
has been foremost in the minds of
WMO Members, especially with the
rapid growth in data volumes. As an
example, new ground- and satellitebased systems already planned and
approved will result in at least an
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order of magnitude increase of data by
2012 with additional major increases
expected by 2020. Finer resolutions
in numerical weather prediction
and hydrological models and their
applications will add significantly to
this total. And with new and better
data, there will be more products with
better skill.
New WMO programmes, such as
the Natural Disaster Prevention
and Mitigation Programme and the
Programme for Least Developed
Countries, will benefit from new
and b e t ter dat a and produc t s .
Those data and products, however,
must be available in the hands not
only of National Hydrological and
Meteorological Services, but also
national disaster authorities for
more timely alerts where and when
needed. And, WIS will be the vital data
communications backbone making
it happen.
Beyond the W MO mandate for
weather, water, climate and disasters,
the new Global Earth Observation
System of Systems (GEOSS) seeks to
address other environmental concerns
in other societal benefi t areas such
as heal th, ener g y, agricul ture,
e c o s y s t e m s a n d b i o d i v e r s i t y.
GEOSS will build upon existing
systems and WMO, as a Participating
Organization in GEOSS, has already
made formal commitments for key
systems, including WIS, to be part
of GEOSS. WIS will cer tainly be

the core component of the GEOSS
Information System of Systems for
weather, water, climate and disaster,
but it also has the potential to support
the other societal benefit areas. This
series of articles lays out the vision
and roadmap which transforms WMO
telecommunications into a forwardlooking 21st Century capability for
serving the Organization’s Members
and society as a whole.
One article, which addresses the role
of science in the implementation
of the Global Ear th Obser vation
System of Systems, is based on a
presentation made to the 58th session
of the Executive Council (June 2006).
It is also highly relevant, as has been
mentioned above, in the context of
the theme of this issue, the WMO
Information System.
In view of increasing urbanization
and the increasing vulnerability of
mega-cities due to climate change,
disaster risk management is becoming
a focus of world attention. The case of
managing disaster risk in the Chinese
mega-city of Shanghai is presented,
not only as an interesting case-study
on the national level but as part of the
international response to the Hyogo
Framework for Action 2005–2015:
Building the Resilience of Nations
and Communities to Disasters, which
was one of the main outcomes of
the World Conference on Disaster
Reduction (Kobe, Hyogo, Japan, 18
to 22 January 2005).

Tropical cyclones cause enormous
loss of life and proper ty around
the world every year, particularly
in the North Atlantic basin and the
North-West Pacifi c basin. Regional
cooperation is put forward as an
approach to coordinating research
into these destructive phenomena
as demonstrated by the Typhoon
Research Coordination Group (a
subgroup of the WMO/United Nations
Economic and Social Commission
for Asia and the Pacific Typhoon
Committee).
Indeed, the months of July and August
witnessed t wo t yphoons whose

impacts in southern China were
devastating. An article on Bilis and
Saomai explains why these typhoons
were so deadly. Although the Central
Meteorological Observatory made
qualitative analyses and prognoses
which proved to be fairly accurate,
certain questions will always need
answers, such as the specific amount
of precipitation, where and when
heavy rainfall will occur and where
and when a weather-related natural
disaster will occur. Modern monitoring technology offers meteorologists
the possibility to track and better
understand the behaviour of typhoons
and make improved nowcasts. More

accurate forecasts and early warnings
with longer lead times help decisionmakers in formulating disaster prevention and mitigation plans.
This last issue of 2006 ends with our
regular features: the WMO Bulletin
50 years ago, book reviews and new
books received, a summary of recent
visits of the Secretary-General and
Secretariat staff news.
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The birth of the WMO
Information System
by Geoff Love*

In the 1960s and 1970s, WMO put
in place the policies and systems
necessary to support the free and
unrestricted international exchange
of meteorological and related data.
This system had—and still has—
three key components: the Global
Observing System (GOS), the Global
Telecommunication System (GTS)
and the Global Data-processing
System (GDPS) (known since 2003
as the Global Data-processing and
Forecasting System (GDPFS)).
By the late 1980s, it was clear to
many involved in the management
of the GTS that is was not capable of
exchanging satellite data, given the
volumes of data involved and the sheer
size of a file holding a single image.
As the Internet evolved it became
apparent in the 1990s that a costeffective transport mechanism existed
for satellite data. Increasingly, these
and other datasets used by National
Meteorological and Hydrological
Services (NMHSs) were exchanged
under bilateral arrangements using
the Internet.

and capabilities. The choice was either
to upgrade the World Weather Watch
(WWW) systems (most particularly
the GTS) incrementally, using Internet technolo gies or to design and
implement a next-generation system
and stage a migration to that. Either
way, it was necessary to design the
next-generation system (named the
Future WMO Information System)
and then evaluate the best strategy
for achieving its realization. This
article describes the FWIS as conceived over the 1999–2001 time period
through a series of meetings with representatives from all WMO’s technical
commissions.

The WMO Information
System in 2000
I n 2 0 0 0, m o s t W M O M e mb e r s
would not have considered that

WMO op erated an Information
System. Rather, they would have
viewed each of the components
of the WMO’s information system
(the Global Observing System, the
Global Telecommunication System,
the Global Data-processing System,
associated data-management
arrangements of the World Weather
Watch and the multiplicity of other
data-collection and information-anddata exchange arrangements put in
place to support WMO programmes
other than the WWW) as logically
and physically separate and distinct
systems. The WMO Information
Sy s t e m i s , h o w e ve r, p r o b a b l y
the most apt description of this
collective capability. The reasons
for the creation of this information
system are clear. In proposing a
Future WMO Information System
(F W IS) the intention was to
encourage Members to view this

With the rapid development of a
variety of data-exchange and datamanagement technologies, WMO
faced the need to plan for a new generation of information systems to take
advantage of Internet technologies

* Director, Bureau of Meteorology, Australia,
and former president of the Commission
for Basic Systems (December 2000 –
May 2002)
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Figure 1 — Major links of WMO’s Global Telecommunication Network

volume traffic between 18 of the
larger centres and a range of other
non-MTN links;
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Figure 2 — Implementation of satellite reception facilities by WMO Members in 2000
(by WMO Region)

WMO coordinated capability as an
integrated information system.
A key imperative for developing the
FWIS was that the collective existing WMO system was increasingly
unable to handle the exchange of
large datasets between operational
weather forecasting groups, was
quite ineffective in the exchange of
climate data and was not available
to meteorological researchers outside NMHSs. The danger confronting
WMO was that, if key players in the
meteorological community found
the Internet a more convenient and
more cost-effective way to exchange
data, then bilateral data-exchange
arrangements would be agreed and
the free and open exchange of realtime data we currently enjoy as laid
out in Resolution 40 (Cg XII) would
gradually disappear. The alternative approach would be for WMO
to coordinate the implementation
of an integrated FWIS that served
all WMO technical commissions/
programmes and so ex tend the
domain of Resolution 40 beyond
real-time data to all manner of
meteorological data.

It is should be noted that, in 2000,
Resolution 40 was considered to
apply to meteorological and related
data quite generally. In practice,
however, its implementation occurred
in the context of the real-time data
exc hange d through the W W W
systems:
•

World Meteorological Centres
(WMCs) and Regional Specialized
Meteorological Centres (RSMCs)
for the preparation of products for
global and regional distribution.
These WMCs and RSMCs collect
data from the Global Observing
System (GOS), and provide data
and products to National Meteorological Centres (NMCs), which, in
turn, address the national requirements for these;

•

A total of 32 Regional Tele communi cation Hubs (RTHs),
which manage the Global
Telecommunication System that
transports data and products
bet ween the WMCs, RSMCs
and NMCs. The GTS consists
of a Main Telecommunication
Network (MTN) carrying high

A lar g e numb er of c e n tr e s
(including WMCs, RSMCs and
NMCs) which use the Internet for
the ad hoc exchange of data and
products on a request-reply basis,
and for the routine accessing
of datasets that, for a variety
of reasons (including capacity
limitations), cannot be carried
over the GTS.

By 2000, WMO’s information system
was effective but extremely complex
and unnecessarily expensive, with a
two-level hierarchy of communication
system centres and a three-level
hierarchy of data-processing centres.
The most significant challenge for the
system’s managers was to respond
appropriately to evolving requirements
and technological changes occurring
in the information systems arena.

Trends in requirements
for meteorological
data and information
It is instructive to look at some of
the trends occurring in 2000 relating
to the demand for meteorological
data and products. It is clear that the
in situ networks (providing surface
synoptic and upper-air observations)
were static or declining, whereas
the remotely sensed networks were
growing and increasing in capability.
Furthermore, WMO Members were
deploying surface-based remotesensing systems, such as Doppler
radar networks, which were likely
to increase their need to exchange
large data volume files (at least on a
regional basis). Members were also
deploying greater numbers of satellite
reception facilities to ensure access
to real-time imagery. The availability
of new large datasets such as those
from higher-resolution global models
and satellite-data derived products
such as Quikscat winds and global
sounding sets, however, were also
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Figure 3 — Numbers of numerical weather prediction models, by type, run at WMO
Global Data-processing Centres.

Trends in information
technologies

expected to increase the demand for
the ability to move large volumes
of data quickly between global and
major regional centres.

In 2000, it was clear that the most rapid
technological change was occurring
with development of the Internet.
There was (and still is) a broad range
of research groups and companies
introducing new technologies to serve
a vast and rapidly growing consumer
market. Uptake of the Internet by the
science community was rapid, and the
Internet was by then a major means
of delivering data to users, as well
as for exchanging data between
operational and research groups in
the meteorological community. In
this regard, the Internet was being
used for the ad hoc exchange of files
and for the routine downloading
of specific files held on Members’
servers (including satellite data and

In addition to these trends there was
a growing trend for Members to
implement mesoscale models, while
the number of centres running global
models appeared to be plateauing
at something less than 20 (possibly
16 or 17). It was recognized that, if
boundary conditions from global
models were available in a timely
fashion to regional and national
centres running mesoscale models,
there would be no great demand for
the further implementation of global
models. There would, however, be
strong demand for communications
system bandwidth to transmit the
very large boundary condition files.

120 000 000

Old
Adjusted

100 000 000

New

80 000 000
60 000 000
40 000 000
20 000 000

Figure 4 — Internet hosts, growth in number as a function of year, since 1991 (after
Internet Software Consortium)
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The evolution of data-management
technologies was expected to lead to
the availability of an integrated system
capable of meeting the requirements of
the WWW, WMO programmes whose
information-exchange requirements
were not currently directly served
by the WMO Commission for Basic
Systems and the broader environment
community. It was felt that there
would be considerable advantage
to WMO and Members in managing
both costs and data flows if a logical
but not physical separation were
maintained between WMO’s system
for exchanging data from other public
and private information-exchange
systems. This separation would
be supported by modern security
features (for example, firewalls, virtual
channels and encryption), rather
than relying on relatively expensive
technologies that are unique to WMO
(such as GTS message switches and
physically separate communication
lines leased on a bilateral basis).

Jan. 01

Jan. 00

Jan. 99

Jan. 98

Jan. 97

Jan. 96

Jan. 95

Jan. 94

Jan. 93

Jan. 92

Jan. 91

0

An indication of the size and rapid
growth of the Internet at the time can
be obtained from a plot of the number
of Internet Host Servers1: by January
2001, there were some 117 million
hosts (Figure 4). Furthermore, as
a modern communication system,
suppor ted by a dynamic, global
research and development effort, the
Internet offered capabilities not found
in the GTS of 2000. For example, it was
then possible to view the health of
the network in real-time. Information
concerning the presence of servers,
links and the latency of data were all
available in real-time (as shown in
Figure 5) as compared with the much
delayed manual compilation of data
on the performance of the GTS which
was (and still is) gathered each year
in October.

1 Source: Internet Software Consortium at
http://www.isc.org/ds/

•

Different user groups and access
policies;

•

Integration of diverse datasets;

•

Data as well as network security;

•

Ad hoc as well as routine requests
for data and products (“pull” as
well as “push”);

•

Timely deliver y of data and
produc ts (appropria te to
requirements).

Response Time

(a) GLOBAL RESPONSE TIME (ms): Past 24 Hours
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Figure 5 — Internet real-time monitoring statistics: (a) global response time, in
milliseconds; (b) global packet loss, as a percentage of all traffic

Requirements to be
met by the FWIS

They required that the system be:
•

Reliable;

The experts involved in the Intercommission Task Team on the Future
WMO Information System specified
that the FWIS would provide an
integrated approach to meeting the
requirements of:

•

Cost-effective and affordable for
developing, as well as developed,
countries;

•

Technologically sustainable and
appropriate to local expertise;

•

•

Modular and scalable;

•

Fl ex i b l e , a b l e t o a d ju s t t o
changing requirements and allow
dissemination of products from
diverse data sources.

Routine collection of observed
data;

•

Automatic dissemination of
scheduled products, both
real-time and non-real-time;

•

Ad hoc non-routine applications
(e.g. requests for non-routine data
and products).

Ad hoc distribution of non-routine
products would be accomplished via
request/reply or “pull” systems. Routine
collection and dissemination of data
and products would be accomplished
via a “push” system, which was
expected to be implemented via a
combination of technologies. It would
include store-and-forward systems,
point-to -point communic ations
(including use of simple technologies
such as e-mail via the Internet) and
satellite data-collection platforms
and broadcast. Push systems were
considered to be the most appropriate
approa c h for b oth the rou tine
collection of observations and the
routine dissemination of observations
and other products.
It was considered impor tant to
recognize that the collection of
observations from many possible
suppliers (as with the GOS) and
dissemination of products from a
few suppliers to many recipients are
problems best met through different
logical topologies. The “push” and
“pull” systems, operating in parallel,
would be available to all users of
WMO data and products.

A logical structure

The system would also be required
to support:

Any Future WMO Information System
(FWIS) would inevitably rely upon a
combination of public and private
networks and would aim to manage
the coordinated development and
operation of the participating systems
through reliance on international
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Figure 6 — Data and product collection within the FWIS (after WMO, 2000)

protocols and standards and by
the use of off-the-shelf software. In
addressing the likely design of the
FWIS, it was considered necessary to
define participating centres according
to their functions and responsibilities,
with three levels of responsibilities:
Global Information System Centres,
Specialized Product Centres and
National Centres. The likely flow of data
and products between these centres is
illustrated in Figures 6 and 7. Figure 6
outlines the collection of observations
and products; Figure 7 illustrates
the dissemination of products (both
routine and non-routine).
The most difficult issues to address are
those relating to changes in resourcing
and management of the FWIS. As
a logically separate information
system, FWIS data would be subject
to whatever policies WMO chose to
put in place. The transition between
the current information system and
the FWIS outlined here was expected
to occur incrementally. The FWIS
would be built and run in parallel
with the GTS/GDPS system. It was
expected that its greater flexibility,
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capacity and cost-effectiveness would
encourage Members to migrate to this
new infrastructure as soon as it was
operationally convenient to do so.
Where GTS bilateral links are maintained and used in the new FWIS, the
existing funding arrangements could
also be maintained, if so required. By
2000, experience was beginning to
show that consortia arrangements
to purchase broadband connectivity
(the so-called “cloud” arrangements),
were cost-effective and manageable
w i t hin W M O f r am e wor k s . T h e
increasing integration of the Internet
infrastructure into the WMO system
was expected to see a new trend
towards Members meeting costs on
a unilateral basis as they dealt with
their Internet Service Providers (ISPs)
for international connectivity in their
domestic Internet framework.

Global Information
System Centres
Considering the func tionalit y
of existing meteorological data

management /exchange centres
it was expected that, in the FWIS,
there would be a reasonable number
(perhaps 4 to 10) Global Information
System Centres (GISCs) comprising
the highest level functionality. These
centres would collect all observations and products intended for
global distribution from supplying
centres within their area of responsibility. Each supplier, which could
be an NMHS or an organization (e.g.
ARGOS, Aeronautical Radio, Incorporated (ARINC)), a research project,
etc., would send its observations to its
designated GISC. Observations would
then be combined into large aggregated datasets. The GISC would then
forward its datasets to all the other
GISCs. The collection of observations
would be organized into a series of
star networks connected by a logical
ring between the GISCs at the top. It
would most likely be unnecessary
to standardize the physical links and
protocols to be used between all of
the suppliers and collectors. Rather,
these should be decided by bilateral
agreement to best match the requirements and capabilities of the parties
involved. This approach was being
used in 2000 between a number of
NMHSs with effective results.
The GISC was expected to be located
within, or closely associated with,
a centre running a global data
assimilation or having some other
global commitment. The proposed
architecture, however, did not dictate
that this should be a requirement.
Dissemination of products through
a store-and-forward push system
implemented as a single layer would,
in many cases, require excessive
resources at some centres. Product dissemination, therefore, was
expected to be addressed through
a variety of technologies, including hierarchical store-and-forward
systems similar to the current GTS
message switches, satellite broadcast and, perhaps, network multicast.
High-capability recipients requiring large-volume products could be
served by one mechanism, while

NC

NC
SPC

GISC
NC
GISC

NC

GISC
SPC

SPC

NC

GISC

NC

NC

National users

National users

NC

NC
National dissemination

Broadcast (Internet,
private network, satellite, etc.)

Request/reply

Figure 7 — Data and product distribution within the FWIS (for acronyms, see Figure 6) (after WMO, 2000)

for routine global exchange (this
dissemination could be via any
combination of the Internet,
satellite, multicasting, etc., as
appropriate, to meet the needs
of Members for products);

less developed recipients with less
demanding requirements could be
served by another.
The responsibilities of a GISC were
summarized as follows. Each GISC
would:
•
•

•

•

•

Collect observational data and
products that were intended for
global exchange from national
centres within their area of responsibility, reformat as necessary
and aggregate into data products
that covered their responsible
area;
Collect products that are intended
for global exchange from Specialized Product Centres within their
area of responsibility;
Re c eive da t a and pro du c t s
intended for global exchange
from other GISCs;
Disseminate the entire set of data
and products agreed by WMO

•

•

Hold the entire set of data and
products and make it available
via WMO request/reply (“pull”)
mechanisms;
Provide around-the-clock connectivity to public and private
networks at a bandwidth that is
sufficient to meet its global and
regional responsibilities;
A GISC might perform the functions of a Specialized Product
and/or a National Centre.

Product Centres (SPCs). Existing
RSMCs would function as SPCs.
However, many additional centres
would also ser ve as SPCs. This
would include suppliers of special
observations (e.g. ARGOS, ARINC),
research proje c t s, and c entres
producing products related to a
specific discipline. SPCs would:
•

Collec t special programme related data and products as
appropriate;

•

Produce agreed products;

•

P r ov i d e p r o du c t s in t e n d e d
for global exchange to their
responsible GISC;

•

Disseminate products not
intended for global exchange in
whatever manner was agreed
upon between the centre and the
users of the product;

•

Support access to its products
via WMO request/reply (“pull”)

Specialized product
centres
It was expected that several dozen
centres would serve as Specialized
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representatives with WMO of the
countries concerned would coordinate
their participation in this system. Their
functions would be to:

mechanisms in an appropriate
manner (i.e. dynamically
generated products would require
around-the-clock connectivity to
the Internet);
•

Possibly perform the functions
of a National Centre.

•

Collect observational data;

•

Provide observations and products to their responsible GISC;

•

Collect and generate products for
national use.

Although the design, development
and implementation of the envisioned
FWIS was expected to be a formidable
task it was not anticipated that it
would face any serious technical
difficulties and could be successfully
implemented with existing technology.
However, its development would
require several years and a substantial
commitment of staff representing
Members and participating WMO
programmes.

National Centres

In conclusion

It was noted that National Centres
would form the foundation of the
proposed Future WMO Information
System. Many National Centres would
be a part of an NMHS but others
would have national responsibility
for functions falling within WMO
programmes and be located
outside the NMHS. The permanent

At the time of proposing the FWIS, it
was strongly felt that, unless WMO
coordinated the implementation of
an information system capable of
handling all types of data exchanged
in support of WMO programmes,
it would be unable to successfully
implement and sus tain a datamanagement policy (such as the free
and open exchange of meteorological
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and related data) which relates to all
types of meteorological and related
data. In 2000, Resolution 40 (Cg-XII)
was considered to apply effectively
only to real-time data exchanged via
the GTS.
The FWIS was proposed in order to
ensure that WMO had a future role
in the exchange of meteorological
and related data used outside the
W W W and that its data policies
would extend to the entire domain
of meteorological and related data
that are used globally.
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Overview of the WMO
Information System: architecture
and basic services
by Geerd-R. Hoffmann1

Background
As decided by Fourteenth World
Meteoro logical Congress (2003),
the WMO Information Service (WIS)
provides an integrated approach
suitable for all WMO Programmes
to meet the requirements of:
•

•

•

•

Routine collection and automated
dissemination of observed data
and products (“push”);
Timely deliver y of data and
produc t s (appropria te to
requirements);
Ad hoc requests for data and
products (“pull”);
Data discovery service for all data
stored by any WMO programme,
regardless of location.

Beside the programmes which could
benefit from the services offered by
WIS for the implementation of their
data exchange tasks, the individual
user, either a person or an institution,
would be the main beneficiary of WIS,
because WIS would provide a single
entry point for any data request, be it
on a routine basis by dissemination of
certain user-defined information sets

1 Deutscher Wetterdienst; Chairman, WMO
Intercommission Coordination Group on
WIS; Vice-President of WMO Commission
for Basic Systems
2 Global Earth Observation System of
Systems

or on an ad hoc basis for a special
dataset. The data to be handled
by WIS include meteorological,
climatologic al, o c eanographic,
satellite, geophysical and other
environmental data and derived
products generated, for example, by
numerical weather prediction models.
All data referenced in WIS will be
described by relevant metadata in
accordance with ISO norms.
In addition, WIS would not only act
as the common system for all WMO
Programmes, but could also form
the base for the GEOSS2 information
system.

Structure of WIS
The main functional components of
WIS are: Global Information System
Centres (GISCs), Data Collection or
Product Centres (DCPCs), National
Centres (NCs) and data communication
networks connecting the components.
The terms are used for describing
the necessary functions, not actual
organizational entities. There may
be organizations, such as NMHSs,
which combine all three functions
within their structure.

Global Information
System Centres
The regional and global connectivity
of the WIS structure is guaranteed by
the existence of a small number of core
communication centres called Global

Some examples of
Data Collection or
Product Centres
•

WMO Regional Specialized
Meteorological Centres
(RSMCs) with activity or
geographical specialization

•

Regional Climate Centres

•

The Hadley Centre (United
Kingdom)

•

The African Centre of
Meteorological Application for
Development (ACMAD)

•

The World Data Centres in
Asheville (North Carolina,
USA) and Obninsk (Russian
Federation)

•

The European Organisation
for the Exploitation of
Meteorological Satellites
(EUMETSAT)

•

The US NOAA National
Environmental Satellite, Data
and Information Service
(NESDIS)

Information System Centres. There
will be less than 10 in total, whose
combined areas of responsibility
cover the entire world. They collect
and distribute the information meant
for routine global dissemination. In
addition, they serve as collection and
distribution centres in their areas
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of responsibility and provide entry
points for any request for data held
within WIS. They maintain metadata
catalogues of all information available
within the WIS and provide a portal
for data searches. This service will
greatly facilitate data searches by
researchers.

Data Collection or
Product Centres
Centres that fulfil within specific
WMO Programmes an international
responsibility for the generation of
data, forecast products, processed
or value-added information, and/
or for providing archiving services
are referred to as Data Collection or
Product Centres. Data Collection or
Product Centres also provide basic
WIS functions such as metadata
catalogues, Internet por tals and
data- access management. In total,
some 150 centres are expected to
perform Data Collection or Product
Centre functions. A Data Collection
or Product Centre can be viewed as
a special implementation of a Global
Information System Centre without:
•

The s torage of the globally
distributed dataset;

•

Automatic dissemination of the
globally distributed dataset;

•

Any catalogue entry referring to
the automatic dissemination of
the globally distributed dataset;

•

Any catalogue entry referring to
data stored elsewhere.

Furthermore, a Data Collection or
Product Centre will not har vest
metadata information but will supply
its metadata information upon request
to its Global Information System
Centre.

distributing data on a national basis,
and coordinating or authorizing the
use of the WIS by eligible national
users. Depending on national policy,
more than one NC can exist in a
country. Normally the Permanent
Representative (PR) of the country
establishes the national policy and
practice and coordinates the various
users. Globally, 187 NCs (i.e. one per
WMO Member State or Territory) plus
about 100 additional NCs with national
responsibilities are expected to be
part of the WIS infrastructure.

Network structure
The data communication network
connecting the various parts of WIS
is based on an agreed technology
that is commonly available to the
participating centres and capable of
handling the foreseen traffic. There
are satellite communication channels
such as those provided by the Integrated Global Data Dissemination
Service (IGDDS), as well as terrestrial links or managed data network
services. Generally TCP/IP is the preferred transmission protocol, but
other agreed protocols would be
possible, and the WIS can adjust to
any evolving international protocol
according to technological progress.
While the WMO code formats will be
used for real-time exchange of operation-critical data, the user will be
able to select from a wide variety
of optional data representation formats. Metadata information should
be available in a standard format,
e.g. XML.

Basic services
The services of WIS are provided by
the different centres described above,
mainly the Global Information System
Centres. There are two dif ferent
modes of interaction available for
the users, either a human being or
an automated data centre.

National Centres
W IS requir e s reliable na tional
centres, referred to as NCs, which
are responsible for collecting and
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Interactive access
The interactive access is handled
by the Internet portals of a Global

Information System Centre or a
Data Collection or Product Centre,
using a standard browser interface.
It allows:
•

Data discovery via the metadata
catalogues;

•

Data retrieval of data stored in the
Global Information System Centre
or Data Collection or Product
Centre as a pull process;

•

In a Global Information System
Centre, access to administrative
functions such as user registration, data-access control,
automatic dissemination control,
modification of catalogues, etc.

The interactive access is either personal, i.e. the user has been registered
by an NC with certain access rights,
or anonymous, in which case only the
data discovery service for generally
available data will be allowed.

Application access
There are three modes to be
distinguished:

Input mode
In this mode, data are sent to a Global Information System Centre or
Data Collection or Product Centre
without prior request. A typical example of such an activity is the sending
of a file containing meteorological
observations from an NC to the GISC
responsible for it. In this case, initially only the GTS protocols will be
supported.

Output mode
For the automatic dissemination of
data, only data formats and protocols
defined for the GTS traffic will initially
be used. These may be extended to
new protocols like netCDF or new
data formats such as XML later.
Typical examples for the output
mode include the transmission of
the globally distributed dataset and
of warnings.

International organizations
World Radiation Centre
Regional Instrument Centres

5 GAW World Data Centres
GCOS Data Centres
Global Runoff Data Centre
DCPC
NMC

Climate research institutes
Universities
Regional Climate Centres

NMC
NMC/
DCPC

Commercial
service providers

egional
ged, r tion and Inter
s netw ne
nica
ana
ork
M commu
s

NMC

t

NMC/
DCPC

NMC

GISC

Internet

GISC

NMC
GISC

WMO World
Data Centres

NMC
DCPC

DCPC
GISC

Satellite
two-way system

GISC
Satellite
dissemination

NMC

NMC
GAW: Global Atmosphere Watch
GCOS: Global Climate Observing System
NMC: National Meteorological Centre

NMC

NMC

Real-time “push”
On-demand “pull”

DCPC: Data Collection or Product Centre
GISC: Global Inormation System Centre

Functional structure and user community of WIS
Information exchange — common procedures; real-time and non-real-time services
Information management — few standard data formats; coordinated metadata and catalogues

The automatic dissemination will
be controlled by internal catalogues
which can be changed using the
inter a c tive a c c e s s (s e e Global
Information System Centre, above).
These catalogues will also contain
the preferred transmission medium
and protocol.

Administrative messages
There are a number of administrative
messages which will be sent by a
GISC. They include:
•

Synchronization information for
the different global catalogues
and datasets;

•

Harvesting requests for metadata
information from the DCPCs
connected to a GISC.

The protocols for these types of
interaction are being defined at
present by the relevant expert teams
of the WMO Commission for Basic
Systems and will be ratified by the
Executive Council.

Summary
Besides the WMO programmes
which could benefit from the services
offered by WIS for the implementation
of their data exchange tasks, including

the online modification of their
data-dissemination catalogues, the
individual users, either a person or
an institution, would be the main
beneficiary, because WIS will provide
a single entry point for any data
request, be it on a routine basis by
dissemination of certain user-defined
information sets or on an ad hoc basis
for a special dataset. Furthermore,
the por tal structure provided by
WIS would make it possible for
programmes to present their data to
their users in a programme-specific
query format. An overview of WIS is
given in the figure above.
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The WMO Information System:
the core components
Title
by Shi Peiliang*

The core components of the WMO
Information System (WIS) are Data
Collection or Product Centres (DCPCs),
Global Information System Centres
(GISCs) and the data communication
networks connecting the centres.

Data Collection or
Product Centres (DCPCs)
Centres that, within specifi c WMO
programmes, fulfil an international
responsibility for the generation and
international distribution of data and/
or products are referred to as Data
Collection or Product Centres. DCPCs
also provide basic WIS functions such
as metadata catalogues, Internet
portals and data access management.
Examples of DCPCs are the Regional
Specialized Meteorological Centres
(RSMCs) with activity specialization
or geographic specialization, as well
as the Regional Climate Centres, the
World Data Centres, the Meteorological
Satellite Operator centres, etc. In total,
about 150 centres are expected to
perform DCPC functions.

•

Collec t special programme related data and products;

•

Produce regional or specialized
data and products;

•

Provide information intended
for global exchange to their
responsible GISC;

•

Disseminate information not
intended for global exchange;

•

Support access to their products
via WMO request/reply (”pull”)
mechanisms in an appropriate
manner;

•

Describe their products according
to an agreed WMO standard and
provide access to this catalogue
of products and provide this
information as appropriate to
other centres, in particular Global
Information System Centres;

•

Ensure that they have procedures
and arrangements in place to
provide swift recovery or backup of their essential services
in the event of an outage (due,
for example, to fire or a natural
disaster);

•

Participate in monitoring the
performance of the system.

The role of a DCPC is to:
•

Collect information intended for
dissemination to National Centres
(NCs) within its area of responsibility (i.e. regional collection);

* China Meteorological Administration and Chairperson, Intercommission Coordination
Group on the WMO Information System
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Global Information
System Centres (GISCs)
The regional and global connectivity
of the WIS structure is guaranteed
by the existence of a small number
o f n o d e c e n t r e s c all e d G l o b a l
Information System Centres
(GISCs). There will be less than 10
in total, whose combined areas
of responsibility cover the whole
world. They collect and distribute the
information meant for routine global
dissemination. In addition, they serve
as collection and distribution centres
in their areas of responsibility and
provide entry points for any request
for data held within the WIS. They
maintain metadata catalogues of
all information available within the
WIS and provide a portal for data
searches.
The role of a GISC is to:
•

Re c eive ob s er vational dat a
and products that are intended
for global exchange from NCs
and DCPCs within their area
of responsibility, reformat as
necessary and aggregate into
products that cover their responsible area;

•

Exchange information intended
for global dissemination with
other GISCs;

•

Disseminate, within its area of
responsibilit y, the entire set

Data communications
Improved Main Telecommunication Network

Internet VPN

The Main Telecommunication Net work (MTN)
which supports and interconnects the six Regional
Meteorological Telecommunication Networks (RMTNs)
of the GTS, has been performing a fundamental role of
exchange between NMHSs of data and products globally
on a real-time basis, mainly for the World Weather
Watch (WWW) Programme. The WMO Commission
for Basic Systems, at its 1998 extraordinary session,
stressed that the MTN shall be reviewed fundamentally
to meet evolving data exchange requirements of WMO
Programmes other than the WWW.

There is no doubt that the Internet will be an
indispensable communication element for the WIS.
Its use, however, has advantages and disadvantages.
Investment in security as a countermeasure against
risks and its cost-effectiveness could be the major
considerations. A Virtual Private Network (VPN) is
commonly defined as a private communications
network over a public network, such as the Internet,
and is a promising technique. It provides a secure
channel such as a leased line between a local site and
a remote site. For security, it uses features such as
encryption, encapsulation, authorization and tunnels.
In particular, VPN based on Internet Protocol Security
(IPsec) is coming into wide use because its technologies
are well standardized and available off-the-shelf.

The Improved MTN project has been promoting the
reform of MTN structure and capability as a genuine
network since its commencement in 1999. One of the
major reform concepts is its evolution from bilateral
links by individual suppliers to seamless network
“cloud”. The shorthand word “cloud” is defined as
the following summary: “Three or more centres use
a common provider of network services within a
contractual framework to implement the required
connectivity among the centres concerned.”
The current Improved MTN is structured with two
“clouds” of frame relay network services due to the
pragmatic evolution process and risk management.
One cloud is the actual multi-regional extension of
the framework of the Regional Meteorological Data
Communication Network (RMDCN) in WMO Region VI
(Europe). The other cloud is based on a new contractual
framework with a practical coordination between
centres. The implementation of the Improved MTN
brings various benefits such as further reliability,
better performance in throughput and quality, an
efficient solution to unbalanced traffic condition,
flexibility and scalability for evolving requirements,
and cost-effectiveness. The remarkable progress in
the implementation and operation validates that the
Improved MTN would be the basis for the core network
of WIS data communication structure.

of data and products agreed
by W MO for routine global
exchange;
•

Hold the entire set of data and
products agreed by WMO for routine global exchange for at least
24 hours and make it available
via WMO request/reply (”pull”)
mechanisms;

•

•

In this context, the VPN Pilot Project in Regions II
(Asia) and V (South-West Pacifi c) was launched in
December 2003 with the purpose of contributing to WIS
development through practical feasibility tests involving
a wide range of participating National Meteorological
Centres. In addition, a European VPN project was
coordinated to test VPN for the RMDCN back-up. The
projects have evaluated well-known VPN techniques,
i.e. IPsec, Point-to-Point Tunnelling Protocol (PPTP) for
simplified VPN techniques available for mobile and
PC users, and Secure Socket Layer (SSL) for Web and
specific applications.
The outcome of the projects shows that Internet VPN
is useful to establish WIS branch connections but it is
worth keeping in mind that the Internet cannot provide
guaranteed bandwidth and quality of service that is
needed for operation critical communications, and is
subject to various attacks, including DoS (Denial of
Service) attacks.
Hiroyuki Ichijo, Japan Meteorological Agency and
Co-Chair, CBS Expert Team on WIS-GTS
Communications Techniques and Structure

Maintain, in accordance with
WMO standards, a catalogue of
all data and products for global
exchange and provide access
to this catalogue to locate the
relevant centre;
Provide around-the-clock connectivity to the public and private
networks at a bandwidth that is

sufficient to meet its global and
regional responsibilities;
•

Ensure that they have procedures
and arrangements in place to
provide swift recovery or backup of their essential services
in the event of an outage (due,
for example, to fire or a natural
disaster);
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•

Par ticipate in monitoring the
per form ance of the system,
including monitoring the
collection and distribution of
data and products intended for
global exchange.

Data communication
network
The data communication network
connecting the various parts of WIS
is based on an agreed technology
that is commonly available to the
par ticipating centres. There are
satellite communication channels, as
well as terrestrial links and managed
data network services. Generally,
TCP/IP is the preferred transmission
protocol, and the WIS can adjust to
any evolving international protocol
according to technological progress.
The dissemination of products can
be effected via any combination of
private network, Internet, satellite,
multicasting, etc., as appropriate,
to meet the needs of Members that
require the products. The time and
operation-critical data exchange
will be provided through dedicated
communication means ensuring
the required high-level quality of
service. In this respect, the Global
Telecommunication System (GTS)
will continue and be further improved
as a basic component within WIS.
The WMO Executive Council (Geneva,
June 2006) emphasized that the
GT S, in c luding s a telli te - ba s e d
data-distribution systems and the
Improved Main Telecommunication
Network, would effectively contribute
to WIS implementation as the core
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and 15 Regional Telecommunication Hubs, and is the core network
for global exchange;

communic ation component for
exchange and delivery of time and
operation-critical data and products
The functions of the WMO Global
Telecommunication System are to
facilitate the flow of data and processed
products to meet World Weather
Watch (WWW) requirements in a
timely, reliable and cost-effective way,
ensuring that all Members have access
to data and products in accordance
with approved procedures. It also
gives telecommunication support to
other WMO programmes, as decided
by World Meteorological Congress
or the Executive Council. The GTS is
so organized as to accommodate the
volume of meteorological information
and its transmission within the
required time limits to meet the needs
of World, Regional Specialized and
National Meteorological Centres.
The GTS consists of an integrated
network interconnecting meteorological telecommunication centres
of National Meteorological and
Hydrological Ser vices (NMHSs)
worldwide. It comprises point-topoint circuits, point-to-multi-point
circuits for data distribution, multipoint-to -point circuits for data
collection, as well as two-way multipoint circuits. These circuits are a
combination of terrestrial and satellite
telecommunication links.
The GTS has a hierarchical structure
on three levels:
•

The Main Telecommunication Network (MTN) links together three
World Meteorological Centres

•

The seven Regional Meteorological Telecommunication Networks
(RMTNs), covering the six WMO
Regions and the Antarctic;

•

The National Meteorological
Telecommunication Networks
(NMTNs) of each of WMO’s
187 Members, enabling them
to collect observational data
and to receive and distribute
meteorological information at
the national level.

As fundamental suppor t to
meteorological operations worldwide,
the GTS is operated around the clock
with an objective of timeliness,
operational continuity and reliability.
It handles a volume of traffic in the
range from 10 MBytes to more than
one GByte per day, depending on the
various parts of the network.
The GTS has been adapting itself to the
rapid development of information and
communication technology, especially
in recent years. The MTN has been
improved by adopting managed data
communication network services
instead of traditional point-to-point
lines. With the experiences gained
f r om mul tip le ex p er ime n t s on
Internet virtual private networks for
meteorological data exchange, more
and more Members are using Internet
as a complementary/back-up network
to the GTS.

EUMETCast
by Lars Prahm1

What is EUMETCast?
EUMETCast is the system for broadcasting environmental data of the
European Organisation for the Exploitation of Meteorological Satellites
(EUMETSAT). It is a multi-ser vice dissemination system based on
standard digital video broadcast
(DVB) technology. It uses commercial telecommunication geostationary
satellites to multicast files (data and
products) to a wide user community.
EUMETSAT operates three EUMETCast broadcasts: EUMETCast Europe,

in Ku-band2 via Hotbird-6; EUMETCast
Africa in C-band via AtlanticBird-3 and
EUMETCast South America in C-band
via NewSkies-806. The zones covered
by these broadcasts are shown in
Figure 1.

How EUMETCast works
Within the EUMETCast configuration,
the multicast system is based on a
client/server system with the server
side implemented at the EUMETCast
uplink site at Usingen, Germany,
and the client side installed on the

individual EUMETCast reception
stations.
The EUMETCast system allows files
to be targeted independently towards
a single user or group of users, thus
enabling the secure multicasting
of data at both individual file and
individual user level.
Data-access control is accomplished
using encryption. The encryption of
data is performed by the EUMETCast
uplink and decr yption by the
EUMETCast Client Software installed
on the reception station.

Figure 1 — EUMETCast coverage zones
1 Director General of the European Organisation for the Exploitation of Meteorological Satellites (EUMETSAT)
2 Portion of the electromagnetic spectrum in the microwave range of frequencies ranging from 12 to 18 GHz.
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Information currently available through EUMETCast
•

High-rate METEOSAT Second Generation (MSG)
SEVIRI image data (every 15 minutes)

•

Low-rate MSG SEVIRI image data (every
30 minutes)

•

Rapid scanning service (every 10 minutes)

•

0° high-resolution image (every 30 minutes)

•

•

EUMETSAT Advanced TIROS Operational
Vertical Sounders (ATOVS) Advanced Very
High Resolution Radiometer (AVHRR) and
Retransmission Service (EARS)

•

DWDSAT from the Deutscher Wetterdienst

•

Basic meteorological data for WMO Region VI
(Europe)

Indian Ocean data coverage (every 30 minutes)

•

•

GOES-E, -W and MT-SAT geostationary satellite
data (every three hours)

SPOT VEGETATION products from the Flemish
Institute for Technological Research

•

•

Data-collection platform retransmissions (in situ
observation data)

•

Meteorological data distribution (Global
Telecommunication System extension to WMO
Region I (Africa))

European remote-sensing satellite (ERS)
wind scatterometer (SCAT) and US National
Aeronautics and Space Administration (NASA)
Quick Scatterometer (QuikSCAT) products from
the Netherlands Meteorological Institute

•

Products from the National Environmental
Satellite, Data and Information Service
(US National Oceanic and Atmospheric
Administration (NOAA)) covering a wide range
of environmental applications

•

EUMETSAT meteorological products

•

Land surface analysis satellite application
facility (LSA SAF) covering Europe and Africa

•

Ocean and sea ice satellite application facility
(O&SI SAF) products

Data files generated at EUMETSAT
and by other EUM E TC as t da t a
providers are transferred to the uplink
facility. These files are encoded and
transmitted to geostationary, TV
direct-to-home communications
satellites for broadcast to user
receiving stations.
Each receiving station decodes the
signal and recreates the data/products to which it is allowed access,
according to a defined directory and
file-naming structure. The two C-band
uplink sites receive the full Ku-band
transmission (which contains all
EUMETCast products and data) and
re-broadcast selected channels.
The main elements of the EUMETCast architecture are illustrated in
Figure 2.

•

Metop Regional Ser vice —
ATOVS, AVHRR and advanced
scatterometer (ASCAT)

•

NOAA Regional Service—ATOVS
and AVHRR

•

Moderate resolution imaging
spectroradiometer—chlorophyll
product for African coastal zones

•

LSA SAF products for South
America

•

Ozone SA F — Global Level 2
products

Equipment needed to
receive transmissions
A t ypical EUMETCast reception
station comprises a standard PC with
a DVB card inserted and a satellite
off-set antenna fitted with a digital
universal V/H LNB. All components of
the reception station are commercially

AtlanticBird-3
HotBird-6

EUMETSAT
data

Communication lines

SAF data

DWDSAT

VITO data

Users in Europe

European
uplink site

NewSkies-806

GTS/RMDCN
data

New products planned

NOAA/
NESDIS

•

Metop Global Data Service—
Level 1

Other data
providers

•

NOAA Global Area Coverage—
Level 1

African
service

American
service

Users in America
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Figure 2 — EUMETCast system overview

Users in Europe

Main features of
EUMETCast
•

Handling of any file
format, allowing the
dissemination of a broad
range of products

•

The easy extension of geographical coverage via
“DVB turnarounds”

•

“One-stop-shop” delivery mechanism allowing
users to receive many different data streams using
one reception station

•

An installed user base of
over 1 800 user stations

•

Use of “off-the-shelf”,
commercially available,
DVB reception equipment

•

Highly scalable system
architecture, allowing
data capacity to be simply
increased with no impact
on the reception stations

available. The hardware costs for a
single PC station for EUMETCast
Europe (Ku-band) reception start
at around €1 500 (~US$ 1 900). In
addition, EUMETCast Client Software
is required for handling the incoming
DVB stream and storing it as data
files.
To receive EUMETCast data and
products, a EUMETCast Key Unit
(EKU) is required. An EKU is a
universal serial bus (USB) device used
in conjunction with the EUMETCast
Client Sof t ware to facilitate the
reception of access-controlled data.
It allows the unique identification of
a reception station in the EUMETCast
system and the selection of products
to be delivered to it.

The IGDDS

dissemination method (ADM) within
the context of the IGDDS.

The Integrated Global Data
Dissemination Service (IGDDS) is a
data-circulation scheme for spaceb a s e d o b s e r va tional d a t a an d
products for WMO programmes. It
is also one of the components of the
WMO Information System (WIS).
The scope of the IGDDS includes four
main functions:
•

Data acquisition (raw data from
satellites, high-level products,
interregional data exchange);

•

Data dissemination (e.g. via
commercial direct broadcast satellites, direct broadcast from the
sensing platforms, point-to-point
networks);

•

Data access on request, allowing
data discovery and delivery to
authorized users;

•

Data and user management,
including user requirements’
review, interoperable catalogue,
service quality management and
user support.

The extensive use of commercial, direct
broadcast satellites is one of the key
features of the IGDDS and this type of
dissemination is termed an advanced

The IGDDS architecture is based on
a set of regional components linked
together in a global net work to
facilitate the interregional exchange
of data, as illustrated in Figure 3.

The role of EUMETCast
within the IGDDS
EUMETCast plays a key role in the
dissemination network of the IGDDS,
by providing ADM coverage over
Europe, Africa and the Americas (see
Figure 1 for EUMETCast coverage).

Likely evolution of the
ADM component
The ADM network of the IGDDS is
currently in an interim configuration,
with one main uplink hub at
Usingen serving Europe, Africa and
the Americas. It is likely that this
configuration will evolve progressively
to an ADM network covering three
regions, with each having its own
dedicated uplink hub (this is already
in place for Europe and Africa with
the Usingen uplink station):
•
•
•

Europe and Africa;
The Americas;
Asia-Pacific.

Region A

Region B

Data from
operational Polar
and Geostationary
satellites available
within the region

Data from
operational Polar
and Geostationary
satellites available
within the region

Other regional
data: R&D, highlevel products

(Satellite) Data Collection
& Product Centre

Other regional
data: R&D, highlevel products

(Satellite) Data Collection
& Product Centre

Data
exchange
inter-regional

The EUMETCast Client Software,
and the EKU, are available directly
from EUMETSAT at a cost of
60
and €40 respectively. Further information is available via the EUMETSAT
Website (http://www.eumetsat.int/)
or by contacting the EUMETSAT User
Service (E-mail: ops@eumetsat.int).

Other data
communication
means

Data Dissemination
(via ADM)

ADM

User community

Data Dissemination
(via ADM)

ADM

User community

Other data
communication
means

Figure 3 — IGDDS conceptual architecture
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Data from
operational polar
and geostationary
satellites available
within the region

Other regional
data: R&D, highlevel products

All WMO programmes
data and products (mostly non-satellite

National
Centres

Data Collection and
Product Centres

Data
exchange

Interoperability

(Satellite) Data Collection
and Product Centre

Global Information
System Centre

and data exchange

interregional
Other datacommunication means

Other data
communication
means

Data dissemination
(via ADM)
Users

ADM

User community

Figure 4 — IGDDS in the context of WIS

Currently, an ADM trial is underway
in the Asia-Pacifi c region. The trial
sys tem, FengyunCas t, is based
on an expansion of the Chinese
Meteorological Administration’s
national system. In terms of
func tionalit y, FengyunCas t has
similar characteristics to those of
EUMETCast.
Once the global ADM network is in
place, and has been complemented
by appropriate terrestrial means
to achieve global coverage, the
dissemination component of the
IGDDS will be complete.

IGDDS implementation
coordination
T h e I G D D S imp l e m e n t a t io n i s
coor dinated by the WMO Space
Programme, mainly through
the mechanism of global IGDDS
workshops.

248 | WMO Bulletin 55 (4) - October 2006

The relationship between
EUMETCast and WIS
EUMETCast par ticipates in WIS
through its contribution to the
ADM network of the IGDDS. From
a user perspective, the IGDDS is
fully integrated into the WIS, since
space-based obser vational data
are an integral and central part of
meteorological observational data
used for WMO operational and
research activities.
M o r e ov e r, w h e n d e a l i n g w i t h
“products”, i.e. higher-level processed
data, the distinction between spacebased and in situ data becomes
less relevant, par ticularly when
obser vational data are merged
and analysed through assimilation
models.
This implies that the IGDDS
system should rely on the same
data distribution capabilities and

mechanisms as other components
of the WIS, unless there are particular
needs or advantages in using specific
solutions. For example, the high data
rates required to routinely disseminate
satellite imagery have resulted in
the use of cost-efficient, scalable
systems such as EUMETCast, which
is currently the backbone of the IGDDS
ADM network.
These techniques are not used
exclusively for the dissemination
of space-based data and products.
They are also used by WMO Members
to dis tribu te non - s p a c e - b a s e d
information.
C onver s ely, w hils t the current
Global Telecommunication System
configuration is extensively used to
transmit conventional (non-satellite)
data, it also supports the transmission
of essential space-based products
such as satellite soundings and
atmospheric motion vectors.
Figure 4 illustrates the relationship
between the IGDDS and WIS.

Integrated Global Data
Dissemination Service
by Gregory W. Withee*

NOAA’s advanced
dissemination methods
(ADM) system
The NOAA ADM system is an alternative to satellite direct broadcast. This
concept utilizes existing dissemination infrastructures to provide diverse
environmental satellite and other data
and products to users on a regional
basis in real-time.

Introduction
T h e A D M s y s t e m i s N O A A’s
contribution to the Integrated Global
Data Dissemination Service (IGDDS),
a component of the WMO Information
System (WIS). This system will enhance
the current data- dissemination
methods used in the Environmental
Satellite Processing Center (ESPC),
located in Suitland, Maryland. Current
dissemination methods are built upon
the commercial broadcast technique
that suppor ts the Geostationary
Operational Environmental Satellite
(GOES) Data Collection Ser vice
(DCS) and the “blended data stream”
employed by the low-rate information
transmission (LRIT) service.
IGDDS evolved from a vision developed
by the Commission for Basic Systems
Open Programme Area Group on

Integrated Observing Systems (CBS/
OPAG IOS) Expert Team on Satellite
Systems Utilization and Products
(ET-SSUP). This vision is aimed at
meeting the growing need for costefficient access to large data volumes
in near-real-time and was endorsed by
CBS, WMO Consultative Meetings on
High Level Policy on Satellite Matters
(CM), and the Coordination Group for
Meteorological Satellites (CGMS).
In June 2004, the ET-SSUP discussed
using regional ADM systems as the
baseline for distributing data and
products from space systems in the
context of IGDDS as approved by the
WMO Executive Council. IGDDS would
serve to connect the regional ADM
systems and would be part of the
future WMO Information System.
The NOA A ADM will be a multiservice dissemination system using
standard digital video broadcast
(DVB) technology and commercial
telecommunications satellites and
uplink services to multicast files
(data and products) to a large user
c o m m u n i t y. T h e A D M s y s t e m
may also utilize the Internet, pushtechnology services and file transfer
protocol (FTP), dedicated landlines,
and partnerships with organizations
operating existing infrastructures
capable of distributing NOAA data.

* Assistant Administrator for Satellite and Information Services, Department of Commerce,
United States of America National Oceanic and Atmospheric Administration (NOAA)

GEO - NE TC as t is an ac tivit y of
the international Group on Earth
Observations (GEO), led by NOAA,
the European Organisation for the
E xploit ation of Me teorologic al
Satellites (EUMETSAT) and WMO.
The NOAA ADM is envisioned as a
regional contributor to GEO-NETCast
for the Americas (North, Central and
South), adjacent ocean areas and US
islands. This article provides basic
information on the planned NOAA
ADM, its contribution to IGDDS and
its support of GEO-NETCast.

Methodology
The proposed NOAA ADM will be
a robust dissemination system for
satellite and non-satellite data through
a variet y of means (commercial
satellites, Internet, landlines, etc.) to
a variety of users in the Americas.
Key features of this system are
outlined in the box on the next page
and illustrated in Figure 1. NOAA
operates two geostationary satellites,
GOES-East and GOES-West. The area
covered by these satellites extends
from the eastern Atlantic Ocean to
the far western Pacific Ocean and
from 70°N to 70°S.
P r im a r il y, t h e s e s a t e lli t e s a r e
supported by the direct broadcast
of the GOES VARiable (GVAR) and
LRIT services. LRIT consists of the
old Weather Facsimile (WEFA X)
products, the National Weather
Ser vice’s Emergency Managers
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of the nine GEO societal benefit areas:
disasters, water, ecosystems, health,
energy, agriculture, weather, climate,
and biodiversity.

NOAA ADM features
• Secure delivery allows multicasts to be targeted to a specific user or
group of users

GEO-NETCast/ADM
system overview

• Handles any file format, allowing the dissemination of a broad range of
products

T he NOA A G EO - N E TC a s t /A D M
multicast system is in its foundation/
demonstration stages and work
remains before specific plans are
approved and funded. The design will
be based on a client/server system.
The server may be implemented at
ESPC in Suitland, Maryland, and the
client software installed on the user’s
ADM reception station.

• Use of DVB turnarounds allows the easy extension of geographical
coverage
• One-stop-shop delivery mechanism allows users to receive many data
streams via one reception station
• Use of off-the-shelf, commercially available DVB reception equipment
• Highly scalable, flexible system architecture

Weather and Information Network
(EMWIN) ser vice and the GOES
Data Collection Ser vice’s in situ
observations. NOA A is currently
investigating an ADM broadcast and
distribution capability.

requirements for data products. Data
providers can be any organizations
that wish to contribute environmental
data products to their users via this
mechanism. Some examples of
satellite products are given in the
box on the next page.

NOAA’s contribution
to IGDDS

When the NOA A GEO -NETCas t
demonstration services are expanded,
data and products will be distributed
over American and adjacent ocean
coverage areas. These products and
services could include a broad range of
satellite and in situ products and data
that participating organizations in the
Americas wish to distribute in support

The proposed NOAA ADM would
be made available to Global Earth
Observation System of Systems
(GEOSS) users in the Americas.
As a contribution to IGDDS, an
interoperable global combination
of regional ADMs supporting WIS,
NOA A’s ADM could serve as the
regional component covering the
Americas. This system would also be
a component of NOAA’s contribution
to GEO-NETCast when it is expanded
to incorporate data from all of the
Group on Earth Observations societal
benefit areas.
Users desiring data through
communications paths other than
existing direct broadcast methods
will be able to access the data via
the NOAA ADM. Users who wish
to receive the data through this
new system will be identified and
their requirements reviewed and
implemented as feasible. This will
be done in coordination with data
providers who can satisfy the user
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The NOAA ADM system will allow
individual files to be targeted toward
a single user or group of users, thus
enabling the secure multicasting of
data at individual user levels. Data and
files generated at the ESPC and by other
GEO-NETCast/ADM data providers
are transferred to a commercial
satellite vendor for uplink. These
files are encoded and transmitted
to geostationary communications
satellites for broadcast to users with
ADM receiving stations. Each ADM
station then decodes the received
signal and recreates the data and/
or product; access to decode these
signals is determined according to

System interface diagram
Commercial
satellite

ADM
users

Direct
readout
users

NOAA
HRPT
Sites

NOAA Satellite Segment
NPOESS

Stored
mission
data

Direct
readout
data
Uplink

GOES
I -M

POES

NASA

GOES
N/O/P

User
data

ADM - Alternative Dissemination Methods Center Hub

Processing
domain
Data
sharing

Customer
interface
JMA
ADM

Groundstation
domain

R/D
data

IDPS
ESPC - Environmental Satellite
Processing Center

Data
sharing

Landlines

Internet

EUMETSAT
ADM

Legend
NOAA
ADM
User
Commercial
NASA

Figure 1 — ADM data processing

Space
domain

Acquired, processed
and dissemninated by ADM
Leased for
ADM

Grounddistribution
domain

There are three major segments in
this system: space segment, ground
segment and user segment. The space
segment includes various types of
current or future environmental
satellites (such as, GOES, POES
and NPOESS). The ground segment
includes the geostationary satellite
operation-control centre, low Earth
orbit satellite operation- control
centres and commercial satellite uplink
stations. The satellite ground stations
receive environmental and telemetry
data from various satellites. Users will
receive the ADM data via commercial
satellite broadcast (utilizing the DVBS standard), dedicated landline, or
Internet.

Example satellite
data/products
for NOAA’s ADM
system
GOES-East and GOES-West
image data
NOAA-17/18 regional imagery
and products
NASA moderate resolution
imaging spectroradiometer
(MODIS) products
NASA Aqua/Terra select
products

The ADM system receives data from
satellite ground stations, stand-alone
terminals and product processing
facilities. The received data are
processed and formatted and then
transmitted to dedicated and public
users.

NOAA high resolution picture
transmission (HRPT) regional
products
MTSAT image data
MSG-2 image data
MSG-3 image data
Highly scalable, flexible system
architecture

a defined directory and file name
structure. A system overview of the
NOAA GEO-NETCast/ADM is shown
in Figure 1.

The ADM system consists of the
Broadcas t Management Center
(BMC) and Network Management
Center (NMC) (see Figure 2). The BMC
receives data from various satellite
operation - control c entres with
varying data rates. NOAA anticipates
that the physical layer and link layer
aspects of the data protocol will be
processed by the service providing
centres. The ADM system will perform

Commercial
satellites

ADM

NASA

GOES

NPOESS

Broadcast
Management
Center
• Receives data
• Selects programming
• Assembles broadcast

Network
10.5

Management

Mbps

Center

10.5

• Routes data
• Formats data
• Transmits data

Mbps
10.5
Mbps

POES

...

The satellites
GOES: Geostationary
Operational Environmental
Satellites (NOAA)
POES: Polar Operational
Environmental Satellite (NOAA)
NPOESS: National Polarorbiting Operational
Environmental Satellite System
(NOAA)
MTSAT: Multifunctional
Transport Satellite (Japan)
MSG: METEOSAT Second
Generation (EUMETSAT)

network-layer and transport-layer
data-processing functions.
The user segment consists of an
affordable receive station. A typical GEO -NETCast /ADM receive
terminal is made up of commercialoff-the-shelf (COTS) parts: a standard
personal computer (PC) with a direct
video broadcast-satellite (DVB-S)
card and a satellite of f-the-shelf
antenna (see Figure 3). All components of the ADM stations are
commercially available. The hardware cost is approximately US$ 2 000.
This estimate does not include any
value-added processing software
such as that available from commercial vendors. Currently, the NOAA
ADM terminal uses freeware to display all its broadcast services. The
use of COTS parts will enable easier
adaptation of the terminal to match
future growth.

Suitland

Hawaii
Internet
FTP requests
Landlines
72 Mbps

(representative data)

Figure 2 — Systems View-2 (SV-2) of ADM Functional and Interface Diagram

Dedicated users may include
general scientific institutions that
have confirmed requirements for
the entire data compliment for a
full-rate landline. The ADM system
will have full-rate privately leased
landlines (approximately 72 Mbps)
from the ADM Center to dedicated
users, such as the National Centers for
Environmental Prediction (NCEP) and
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ADM user ground
station subsystems
Antenna: US$ 300 (1 meter diameter dish)
Receiver
LNB: US$ 350
DVB-S (Digital Video Broadcast-Satellite)
PCI (Personal Computer Interface) Card: US$ 70

Conclusions

PC workstations: ~US$ 1 000
Software: ~US$ 500
(vendor provided)
Total: US$ 1 720–2 220

Figure 3—Example Commercial Hardware for the ADM User Terminal

the National Center for Atmospheric
Research (NCAR).
Public users are users other than
dedicated users that utilize other forms
of data transport, such as commercial
satellite communications (utilizing
the DVB-S standard) or Internet.
Public users within the footprint of a
commercial communications satellite
broadcasting the ADM data stream
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data, and other types of non-satellite
data. The environmental satellites of
the future will produce data rates in
excess of what can be accommodated
by the initial proposed ADM data
stream (10.5 Mbps baseline). This,
of course, means the ADM system
must compress the data before
transmission to users.

may receive the transmission via the
DVB-S standard. In addition, ADM
public users with an available Internet
connection may receive environmental
information from the ADM Centre via
file transfer protocol and/or the pushtechnology service.
The ADM broadcast will be divided
between GOES, POES, NPOESS, other
research and development satellite

Using commercial telecommunications satellites and requiring only
of f-the shelf satellite receiving
equipment and standard personal
computers, NOAA’s advanced dissemination methods system is an
affordable solution that is built upon
ground-based telecommunication
infrastructures. This system could
be readily available in the Americas
and adjacent ocean regions and
is envisioned as a contribution to
GEO-NETCast, a Group on Earth
Observations activity led by NOAA,
EUMETSAT and WMO.

Pilot projects: a strategy for
the design and implementation
of the WMO Information System
by Walter Zwieflhofer*

The WMO Information Sys tem
distinguishes itself from other
information systems in several
key technical aspects. In contrast
to existing information systems
providing comparable services, which
are typically built around a central
catalogue maintained at a single site
and merely replicated at secondary
sites for back-up purposes, the WMO
Information System has at its core
a truly distributed system, based
on a collaborative group of Global
Information System Centres (GISCs)
which are all of equal status.
Another key difference is that the
metadata describing an individual data
item, e.g. a temperature measurement,
is often 100 times larger than the actual
data item. A significant proportion of
the metadata information does not
change with every new measurement:
the location, details of the instrument,
etc., remain the same. The availability
of such metadata is crucial for the
data discovery aspects of the WIS
but exchanging the complete set of
metadata with every data item would
be impractical. Hence, methods and
protocols are needed to enable dataexchange requirements to be kept to
a minimum, whilst ensuring that the
data discovery features of the WIS are
as comprehensive as possible.

* Head of Operations, European Centre
for Medium-Range Weather Forecasts
(ECMWF)

Several of the technological aspects
required to implement the WIS
are well unders tood: the WMO
communit y has considerable
experience in message switching
systems, managed networks, Web
portals, etc. Other aspects, such as the
efficient exchange of metadata and
the necessary global synchronization
between the participating GISCs, are
less well understood and require
significant design and development
effort.
To address this, a design approach
based on pilot projects was chosen.
This allows protot ypes of new
technologies and protocols to be
developed and tested. Experience
gained can immediately be fed back to
the developers and improved versions
can be deployed and tested in rapid
cycles. At the same time, the WMO
standards that will be proposed for
the implementation of the WIS are
exposed to practical implementations

and are less likely to require corrective
adjustments.
There are a number of pilot projects,
spanning a range of WMO programmes
and technical commissions. Details of
these will be presented at the Technical
Conference on the WMO Information
System in Seoul, Republic of Korea,
in November 2006. One of these pilot
projects is the Data Grids for Process
and Product Development using
Numerical Simulation and Knowledge
Discovery (SIMDAT) project. This
article uses SIMDAT as an example to
illustrate the WIS strategy for design
and implementation through pilot
projects.
The meteorological SIMDAT activity
is funded as part of a larger European
Union project that is developing
generic Grid Technology for the
solution of complex application
problems. Starting from the functional
requirements that the WIS has to

The availability
of metadata is
crucial for data
discovery aspects
of the WIS.
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fulfil, the partners in the SIMDAT
meteorological activity (Deutscher
Wetterdienst (DWD), European Centre
for Medium-Range Weather Forecasts
(ECMWF), European Organisation for
the Exploitation of Meteorological
Satellites (EUMETSAT), Météo France and the Met Office, UK) are
developing software that provides
distributed access to a collection of
data repositories.
The design is based on a series of
interconnected nodes, each node
being able to act either as a GISC or
as a Data Collection or Product Centre
(DCPC). From the outset, the ability to
logically group several nodes into a
virtual GISC (V-GISC) was an important
design criterion. Through a portal,
each node provides access to data
held in one or more data repositories
and of fers cataloguing services,
based on the WMO core profile of
the ISO 19115 metadata standard.
The SIMDAT software aims to be nonintrusive and any already existing
data repository (archives, relational
databases or simply collections of
files) can be integrated.
Each node has its own Web portal.
The catalogues held at the various

SIMDAT architecture
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nodes are fully synchronized and any
data available on any of the nodes can
be discovered and retrieved from any
of the Web portals.

SIMDAT architecture
The Web portals use the metadata
to provide users with search and
browsing facilities. Users can search
for data by entering a combination of
keywords, geographical coordinates
and ranges of dates. Metadata records
are organized in a hierarchical,
thematic dire c tor y that can be
browsed. Users can retrieve data
directly from the portal, if the data are
held in a node managed by SIMDAT,
otherwise users are redirected to the
appropriate external data portal.
The European part of the demonstration
system supports the discovery and
retrieval of the following datasets:
ERA 40 data from ECMWF, climate
time series from DWD, model output
from Météo-France, aviation weather
reports from the Met Office, UK, and
satellite images from EUMETSAT.
In the coming months, ECMWF
will offer data from the Observing
System Research and Predictability

Experiment (THORPEX) Interactive
Grand Global Ensemble (TIGGE)
database; DWD will of fer model
outputs and the Met Office, UK will
offer data on lighting strikes. Finally,
DWD and Météo-France will provide
an interface to the current WMO
Global Telecommunication System,
thus offering access to real-time
observations.
The SIMDAT project is arousing
interest beyond the European meteorological community. The National
Meteorological Services of Australia,
China, Japan and the Republic of
Korea, as well as the National Oceanographic Centre in Obnisk, Russian
Federation, have requested evaluation copies of the software. The China
Meteorological Administration and
the Japan Meteorological Agency are
actively participating in the project
and are already fully integrated into
the test grid, both offering forecast
products and satellite images. The
integration of the other centres is progressing well.
Metadata from the US National
Center for Atmospheric Research data
portal are also regularly harvested
using the Open Archive Initiative

(AOI) protocol and can already be
discovered through the SIMDAT
portal, thus demonstrating the WIS
requirement for cataloguing data that
is held at DCPCs.
The workplan for 2007 and beyond
in c lud e s adding supp or t for a
subscription service to allow users
to receive real-time data (push
mechanism). A data replication
mechanism will be implemented to
improve the efficiency and reliability
of the exchange of real-time data.
Support for different data policies
will be added. Monitoring tools will be
developed, as well as tools to register
and manage users.
With reference to the WIS strategy
for design and implementation

through pilot projects, the SIMDAT
proje c t has turned out to be a
prime example of the b enef it s
of this approach. The par tner s
working on the project have gained
invaluable experience in managing
metadata catalogues, providing
dis cover y ser vic e s, har ve s ting
metadata and synchronizing
catalogues. This experience has
been made available to the wider
WMO community through feedback
provided to various expert teams,
including the Expert Team on the
WMO Information System, the Global
Information System Centres and Data
Collection or Product Centres, the
Inter-Programme Expert Team on
Meta data Implementation and the
Exper t Team on Communication
Techniques and Structures.

Useful Websites
SIMDAT: http://www.ecmwf.int/services/
grid/simdat/
W IS: ht tp: // w w w.w mo.int / web/ w w w/
WISweb/home.html
THORPEX: http://www.wmo.int/thorpex/
Deutscher Wetterdienst: http://www.dwd.
de/
Met Office, UK: www.metoffice.com
Météo-France: www.meteo.fr
China Meteorological Administration: www.
cma.gov.cn
Japan Meteorological Agency: www.jma.
go.jp/jma/indexe.html
Korea Meteorological Administration: www.
kma.go.kr (www.weather.go.kr)
EUMETSAT: http://www.eumetsat.int/
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WMO’s contribution to
GEOSS and GEONetcast
Title
by A.D. Moura*

This article recalls the main characteristics of the WMO Information
System (WIS), its relations with the
Global Telecommunication System
(GTS) and the Integrated Global Data
Dissemination Service (IGDDS) and
indicates how these WMO systems are
expected to contribute to the objectives
of Global Earth Observation System of
Systems (GEOSS) for environmental
data exchange and management. It
also indicates WMO’s understanding
of the GEONetcast initiative within
GEOSS and the orientation proposed
by WMO for the continuation of the
GEONetcast and IGDDS actions within
the 2007–2009 GEOSS Workplan.

The Global Telecommunication System (GTS)
The GTS consists of an integrated
network interconnecting meteorological
telecommunication centres of National
Meteorological and Hydrological
Ser vices (NMHSs) worldwide. It
consists of several types of circuits:
point-to-point circuits, point-to-multipoint circuits for data distribution,
multi-point-to-point circuits for data
collection, as well as two-way multipoint circuits. These circuits are a
combination of surface-based and
satellite telecommunication links.
The GTS has a hierarchical structure
at three levels:
* Director, National Meteorological Institute,
Brasilia, Brazil
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•

•

•

The Main Telecommunication
Network (MTN) links together three
World Meteorological Centres and
15 Regional Telecommunication
Hubs, and is the core network for
global exchange;
The seven Regional Meteorological
Telecommunication Networks
(RMTNs) covering the six WMO
Regions and the Antarctic;
The National Meteorological Telecommunication Networks (NMTNs)
of each of WMO’s 187 Members,
enabling them to collect observational data and to receive and
distribute meteorological and
hydrological information at the
national level.

As a fundamental support to meteorological operations worldwide, the GTS
is operated round the clock with the
objectives of timeliness, operational
continuity and reliability. The GTS
handles a volume of traffic in the range
of 10 Mbytes to more than one GByte
per day, depending on the various parts
of the network.

GTS rules
The GTS is designed for the selective
transmission of information coded
along internationally agreed format
and identified by “bulletin headers”
indicating, in a coded form, the
originating centre and the type of data
contained. The information is routed

GEO, GEOSS and
GEONetcast
GEO: Group on Earth
Observations (http://www.
earthobservations.org/)
GEOSS: Global Earth Observing
System of Systems
GEONetcast: a worldwide,
operational, end-to-end Earth
observation data collection and
dissemination system (GEO)

so as to meet the requirements of
NMHS centres.

Responsibility and funding
It is successfully operated through
voluntar y commitments of all
WMO Members at various levels
of responsibility. It relies on data
exchange. Each WMO Member bears
the cost of its telecommunications
centres, while the cost of point-topoint communication links are shared
between the two ends. The GTS is
implemented and operated by Member
countries and is coordinated by WMO.
Procedures, implementation and
development plans are coordinated
by the Commission for Basic Systems
(CBS) on the global level and by the
six WMO regional associations (RAs)
on the regional level.
All environment-related programmes
collect and exchange data, generate
products, transmit information to

users and archive data. Beyond
the GTS that is dedicated to timecritical operational data, products
and warning, the various WMO
programmes developed information
systems, with a resulting multiplicity
of systems and practices, generating
incompatibilities. In 2003, Fourteenth
World Meteorological Congress
(Cg-XIV) adopted the concept of a
WMO Information System (WIS) as
an overarching, integrated system
which would meet the requirements
of all WMO programmes, affiliated
international organizations and
programmes, as well as relevant
national non-NMHS users such as
disaster prevention and mitigation
agencies and research facilities, with
respect to:
•

Routine collection of observation
data;

•

Automated dissemination
(“push”) for timely delivery of data
and products (e.g. meteorological,
climatological, environmental
and hydrological observations,
forecasts and warnings);

•

Ad hoc requests for data and
products (“pull”);

•

Data dis cover y, ac ces s and
retrieval ser vice for all data
stored by any WMO programme,
regardless of location.

The main functional components
of the WIS are: National Centres
(NCs), Data Collection or Product
Centres (DCPCs), Global Information
System Centres (GISCs) and data
communication networks connecting
the components.

National Centres
The WIS requires reliable national
centres, referred to as NCs. An NC
is responsible for collecting and
providing observational data and
products and distributing them on
a national and international basis.
The NCs coordinate or authorize the
use of the WIS by eligible national

users. Depending on national policy,
more than one NC can exist in a
country. Normally, the Permanent
Representative of the country with
WMO establishes the national policy
and practice and coordinates the
various users. Globally, 187 NCs (i.e.
one per Member State or Territory)
plus some 100 other NCs with national
responsibilities will be part of the WIS
infrastructure.

Network structure

Data Collection or
Product Centres

Generally, TCP/IP is the preferred
transmis sion proto c ol and the
WIS can adjust to any evolving
international protocol according to
the technological progress. While
the WMO code formats will be used
for real-time exchange of operationcritical data, the user will be able to
select from a wide variety of optional
data representation formats. Metadata
information should be available in a
standard format, e.g. XML.

Centres that fulfil within specific
WMO Programmes an international
responsibility for the generation and
provision for international distribution
of data and/or products, are referred
to as Data Collection or Product
Centres. DCPCs also provide basic
WIS products and perform functions
such as metadata catalogues, Internet
portals and data access management.
Examples of DCPCs are the Regional
Specialized Meteorological Centres
(RSMCs) with activity specialization
or geographic specialization, as well
as the Regional Climate Centres, the
World Data Centres, the Meteorological
Satellite Operator centres, etc. In total,
about 150 centres are expected to
perform DCPC functions.

Global Information
System Centre
The regional and global connectivity
of the WIS structure is guaranteed by
the existence of a small number of
node centres called Global Information
System Centres (GISCs). There will be
less than 10 in total, whose combined
areas of responsibility cover the whole
world. They collect and distribute the
information intended for routine global
dissemination. In addition, they serve
as collection and distribution centres in
their areas of responsibility and provide
entry points for any request for data
held within the WIS. They maintain
metadata catalogues of all information
available within the WIS and provide
a portal for data searches.

The data communication network
connecting the various par ts of
the WIS is based on an agreed
technology that is commonly
available to the participating centres.
There are satellites communication
channels, as well as terres trial
links and managed data network
services.

The current diversification of access
p oin t s and me tho d s would b e
replaced by a common approach.
Furthermore, the portal structure
provided by the WIS would make
i t p os sible for programme s to
present their data to their users in a
programme-specifi c query format.
The time and operation- critical
exchange will be provided through
dedicated communication means
ensuring the required high-level
quality of service. In this respect,
the GTS will continue, and be further
improved, as a basic component
within the WIS. As a WIS component
the IGDDS will also provide for the
exchange of data and products related
to the WMO Space Programme. The
other exchanges will be provided
mainly through the Internet.
WIS complies with the data policies of
participating programmes (especially
WMO Resolution 40 (Cg-XII) and
Resolution 25 (Cg-XIII)) and its flexible
design can follow an evolution of data
policies. Procedures for managing
access rights, control of data retrieval,
registration and identification of
users, etc. can be defined as and
when required.
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Implementation

Acronyms

By using information and communication technology (ICT) industry
standards, off-the-shelf hardware
an d s o f t war e, in c lu d in g o p e n
source software, the WIS is a costeffective solution for all Members
and their NMHSs. Implementation
of the WIS builds upon the most
successful components of existing
WMO information systems and a
smooth and coordinated transition
is crucial. The WIS concept requires
development of the following major
functions and the necessary software
packages:
•
•
•
•
•
•
•

•

•
•
•
•
•

It is planned to introduce in a few
countries, by the end of 2006, new
WIS structures running in a semioperational mode by consolidating
pilot projects:
•

RA VI-VGISC project as a GISC
prototype;
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ATOVS:

Advanced TIROS Operational Vertical Sounder

CAgM:

Commission for Agricultural Meteorology

CBS:

Commission for Basic Systems

CCI:

Commission for Climatology

CGMS:

Coordination Group for Meteorological Satellites

DCPC:

Data Collection or Product Centre

EUMETSAT: European Organisation for the Exploitation of Meteorological
Satellites

Metadata catalogues;
Internet portal;
Data acquisition service;
Data discovery service;
Data distribution service: push
and pull;
Monitoring;
Operational aspects such as data
syn chroni sation, back-up and
administrative issues.

JCOMM GISC-E2EDM prototype
(Obninsk, Russian Federation);
CBS VPN Pilot Project in
Regional Associations II (Asia)
and V (South-West Pacific);
CCI CliWare (Obninsk, Russian
Federation);
EUMETNET UNIDART project;
CBS/RA VI VGISC project, including
SIMDAT (GRID project);
C Ag M -WA M I S (Re p ub li c o f
Korea);
THORPEX Inter ac tive Grand
Global Ensemble (TIGGE).

Advanced dissemination method

EUMETNET: Network of European Meteorological Services

To that end, valuable work is being
under taken by the various pilot
projects in the different programmes,
such as:
•

ADM:

•

•
•

GISC:

Global Information System Centre

IGDDS:

Integrated Global Data Dissemination Service

JCOMM:

Joint WMO/IOC Technical Commission for Oceanography
and Marine Meteorology

NCAR:

National Center for Atmospheric Research (Boulder, Colorado,
USA)

NOAA:

National Oceanic and Atmospheric Administration (USA)

SIMDAT:

Data grids for process and product development using
numerical simulation and knowledge discovery

THORPEX:

The Obser ving System Research and Predictabilit y
Experiment

TIROS:

Television and InfraRed Observation Satellite (USA-NOAA)

UNIDART:

Uniform Data Request Interface

VGISC:

Virtual Global Information System Centre

VPN:

Virtual private network

WAMIS:

World Agrometeorological Information Service

DCPCs prototypes including the
ECMWF and EUMETSAT DCPC
projects associated with the
VGISC project;
DCPC for JCOMM-related data
(Obninsk, Russian Federation);
DCPC at NCAR (Boulder, USA).

Integrated Global Data
Dissemination Service
The WMO Integrated Global Data
Dissemination Service (IGDDS) is
both a system and a project.
•

As a system, the IGDDS is the
circulation scheme of space-based
observation data and products for
WMO programmes. The IGDDS

concept was initially proposed
by WMO satellite user expert
groups and refined by satellite
operators within CGMS. Since
WMO has defined the concept
of a WMO Information System
as an overarching framework
for all its data exchange and
management, IGDDS is now one
of the components of WIS.
•

As a project, the IGDDS is the
set of activities directed towards
the definition and operational
implementation of the IGDDS
system. It addresses the specific
requirements and issues posed
by space-based obser vation
data and products, such as the
large volume of current and

planned satellite data, as well
as the commitment of satellite
operators to deliver an end-toend service from acquisition to
dissemination.
The IGDDS addresses dif ferent
functions, as required for a consistent
approach:
•

Data acquisition (raw data from
satellites, higher-level products,
interregional data exchange);

•

Data dissemination (via telecom
satellite broadcast, via direct
broadcast, or via point-to-point
networks);

•

Data access, on request, allowing
data discovery and delivery to
authorized users;

•

Data and user management,
including user requirements
review and interoperable catalogue, ensuring service quality
and user support.

The baseline for IGDDS is a collection
of regional1 components linked in a
global network for interregional data
exchange. Each regional component
will include a Data Collection or
Product Centre as defined in WIS and
will ensure routine dissemination by
various means, including an ADM
covering its region.
Activities under the IGDDS project
include the expansion of the rolling
requirements review process to
express regional data needs, the
expansion of the Regional ATOVS
Retransmission System concept
towards a global coverage, the
implementation of a global ADM
coverage and the appropriate global

1

In this article, the words “region” and
“regional” without a capital “R” are
understood in a general meaning and do
not necessarily match a WMO Region.
The geographical extent of each region
depends on technical constraints such as
footprints of available telecommunication
satellites.

coordination among CGMS satellite
op erator s and W MO to ensure
interoperability along WIS-agreed
standards.

The WIS contribution
to GEOSS
The meteorological, hydrological and
other environmental data handled by
the WIS worldwide on an operational
basis will represent a significant
part of the overall amount of data
of interest for GEOSS. These data
being exchanged to serve the needs
of WMO programmes contribute
directly to many GEO objectives, in
particular in the weather, climate and
water resources and disaster societal
benefi t areas, but also indirectly in
most of the other five societal benefit
areas.
Thanks to its open design, the WIS can
serve various user communities. It is
thus expected to be a core component
of the GEO Information “system of
systems”, concerning weather-,
climate- and hydrology-related data
and products serving not only WMO
programmes but also any GEO user
community requiring these data.
From a wider perspective, in view
of the unique experience of WMO
in operating a globally coordinated,
rapidly evolving and fully operational
system, it is anticipated that the WIS
can also contribute to GEOSS in two
ways:
•
In potentially suppor ting the
exchange and management of
non-meteorological datasets
provided by other communities,
if compatible with the primary
objectives of WIS and if such an
arrangement proves benefi cial
through synergy or economy of
scale;
•

In being a model case for the
development of other networks
within GEOSS, for serving the
needs of other communities
which would have dif ferent
data needs but requiring similar

functionalities. It is expected that
the GEOSS information system
will have to address all the core
functions identifi ed in the WIS
description above, i.e. data
collection, data dissemination,
data discovery and retrieval.
As concerns dissemination,
GEONetcast is seen as a possible
mechanism for providing this
func tion within GEOSS in a
coordinated fashion through
satellite broadcast.

GEONetcast
GEONetcast is an initiative led within
the GEO framework by EUMETSAT,
NOA A and WMO to address the
global dissemination needs of GEOSS
environmental data in a coordinated
way.
The GEONetcast concept is to use
the multicast capability of a global
network of communications satellites
to transmit environmental satellite
and in situ data and products from
providers to users within GEO.
Commercially available technology
provides cost-ef ficient solutions
with easy to implement terminals,
which are widely used for direct to
home digital television. The multicast
capability allows different datasets to
be handled in parallel, regardless of
the source. The use of a key access
capability enables the data policy of
each data provider to be respected
and the distribution at individuals or
groups of users, as appropriate, to
be targeted within the footprint of
each satellite.
GEONetcast builds on the experience
gained by EUMETSAT with the
EUMETCast operational dissemination
system and on the WMO IGDDS
concept. It proposes to expand this
approach in order to establish a
truly global dissemination system
responding to the needs of all the nine
GEO societal benefit areas.
It is recalled that, in the IGDDS
project, WMO has set an objective
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to implement a globally coordinated
data-dissemination system relying
primarily on telecommunications
satellites using digital video broadcast
by satellite (DVB-S) standard. As a
baseline, global coverage could be
reached in relying on 5 to 10 satellites
operating in Ku band for mid-latitudes
and in C band for intertropical regions.
A Data Collection or Product Centre
would be identified in each region and,
among other tasks, would concentrate
the data and forward them in agreed
format to the dissemination uplink.
The GEONetcast initiative proposes
to set up arrangements between
GEO Member s and commercial
satellite providers in order to use a
similar scheme and, possibly, the
same infrastructure, in an expanded
form for disseminating any data of
interest to GEO Members. Using a
common multicast file broadcast
system worldwide would simplify
data transfer between regions.
I n t h e f r a m e w o r k o f t h e G EO
Workplan 2006, GEONetcast is the
subject of a Capacity Building Task
with the par ticular objec tive to
perform demonstration actions in
2006. These demonstrations were
successfully performed on the basis of
EUMETCAST and highlighted several
important features of relevance to
GEOSS:
Scalability of the bandwidth;
•
Flexibility of the data feed and
•
data stream content definition;
Easy interregional data relay
•
through “turn-around”
capability;
Applicability over all continents
•
(excluding the Antarctic).

GEOSS societal benefits areas
Reducing loss of life and property from natural and human-induced
disasters.
Understanding environmental factors affecting human health and
well-being.
Improving management of energy resources.
Understanding, assessing, predicting, mitigating, and adapting to
climate variability and change.
Improving water resource management through better understanding
of the water cycle.
Improving weather information, forecasting and warning.
Improving the management and protection of terrestrial, coastal and
marine ecosystems.
Supporting sustainable agriculture and combating desertification.
Understanding, monitoring and conserving biodiversity.

•

“Support the development of ADM
within IGDDS, as a component
of WIS, and a contribution of
the WMO Space Programme to
GEONetcast” (WE-06-04);

•

“GEONetcast: an operational
ser vice delivering data and
products based on the use of
c ommunic a tions s a telli te s”
(CB-06-04).

In the preparation for the 2007–
20 0 9 G EO wor k plan, i t will b e
proposed to refocus these activities
in order to enhance the linkage
and complementary nature of the
GEONetcast and WIS initiatives.

Envisaged WMO
contribution to data
dissemination issues in
future GEO workplan

Regarding GEONetcast (continuation
of CB-06-04), it is proposed to maintain
current emphasis on the satellitebased dissemination function and,
specifically, to explore the possible
scenarios for providing a unique user
interface to a dissemination system
relying on multiple data providers,
depending on the level of integration
and implementation of interoperability
standards.

WMO is currently involved in two
par ticular tasks related to data
management and dissemination
within the GEO workplan 2006:

Regarding the ADM-IGDDS-WIS task
(continuation of WE-06-04), assuming that the satellite dissemination
aspects will be covered within the
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GEONetcast task, it is proposed that
the main emphasis be laid on the contribution from WIS to GEO on other
aspects, in particular:
Applicability of IGDDS and WIS to
•
serve GEO needs beyond WMO
programmes;
•

Experience gained from GTS,
IGDDS and WIS development
r elevan t to the f u tur e G EO
information system, on issues
such as data requirements, data
management (including metadata
aspects), data access on request
and interoperability standards.
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Roadmap to the WMO
Information System
Da t a and derive d value - adde d
information are the foundation
on which our knowledge of the
environment1 is built. Data-exchange
systems and management practices
e n s ur e e f f e c t i ve an d e f f i c i e n t
in t e r n a t io n al u s e o f t h e d a t a,
regardless of location or language.
Virtually all WMO programmes deal
with data collection and transmission
to pro c e s sing c en tr e s, quali t y
control, generation of products and
transmission to users and archival of
data and products for future use. At the
end of the 1990s it became apparent
that the various WMO programmes
either had their own information
systems or were in the process of
developing them independently of
each other. The resulting multiplicity of
systems generated incompatibilities,
inefficiencies, duplication of effort and
higher overall costs for Members.
Fourteenth World Meteo ro logical
Congress (Cg-XIV, 2003) therefore
approved a concept developed by
the WMO Commission for Basic
Systems (CBS) of an overarching,
integrated and cost-effective WMO
Information System (WIS) that could
meet the requirements of all WMO
programmes and their associated
centres, af filiated international
organizations and programmes (see
box on this page), as well as relevant

national non-National Meteorological
and Hydrological Service (NMHS)
users, such as disaster prevention
and mitigation agencies and research
facilities.
The 56th session of the WMO Executive
Council (EC-LVI, 2004) set up the
Intercommission Coordination Group
on the WIS (ICG-WIS) as a high-level
coordination mechanism involving
all WMO technical commissions
to ensure the orderly, coordinated
evolution of WIS. Since its inception,
this group has met at least once a
year to ensure that the requirements
and implementation plans of the
programmes are synchronized and
full interoperability is ensured. The
IGC reports annually to the Executive
Council.
The regular meetings of the presidents
o f t e c hn i c a l c o m mi s s i o n s a r e
additional opportunities to coordinate
technical recommendations on
WIS elements, for example, datamanagement practices, which help
maintain a rapid pace of development
of the WIS.

WMO-affiliated
centres
World Meteorological Centres
(WMCs)
Regional Specialized
Meteorological Centres
(RSMCs)
African Centre of
Meteorological Application for
Development (ACMAD)
Drought Monitoring Centres
(DMCs)
International Research Institute
for Climate and Society (IRI)
Regional Climate Centres
(RCCs)
Global Atmosphere Watch
(GAW) Data Centres
Global Data Runoff Centre
(GDRC)
Regional Meteorological
Training Centres (RMTCs)
Regional Instrument Centres
(RICs)
World Radiation Centre (WRC)
World Data Centres (WDCs)

In the aftermath of the December 2004
tsunami catastrophe, international
organizations and governments
emphasized the importance of the
current WIS precursor, WMO’s Global

Commission for Basic Systems
(CBS) Lead Centres for Global
Observing Systems (GOS)
and Global Climate Observing
System (GCOS) observations

1 Environment in the context of WMO comprises phenomena of weather, climate and
water.
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Telecommunication System (GTS).
The WIS/GTS has been identified as
the 24/7 operational backbone network
for the exchange of information
in support of multi-hazard, multipurpose natural disaster early warning
systems. EC-LVII (2005) recognized
that the role, credibility and visibility
of WMO were closely interlinked with
the provision of a global, modern,
cost-effective and comprehensive
information and communication
technology (ICT) service through the
WIS and urged Members to accelerate
development and implementation
of its key components. In addition,
EC-LVII (2005) identified the WIS as
a major contribution of WMO to the
Global Earth Observation System
of Systems (GEOSS) with respect
to data-exchange and management
services.
CBS is the lead technical commission
for coordinating technical development and operational tests of the WIS
components which are carried out
by volunteer Members. Several CBS
expert teams work in parallel on critical
technical solutions and functions. The
other commissions have incorporated
WIS in their working programmes
to ensure that their activities and
centres will derive optimal benefi t
from the evolving WIS. Among
others, most of the commissions
have established rapporteurs on WIS
matters, who facilitate collaboration
with the CBS expert teams, address
programme-specifi c extensions to
the WMO metadata core profile, and
help in identifying and promoting
the community of knowledgeable
WIS exper ts for addressing the
programme-specific requirements
with respect to data representation,
data discovery and retrieval.
The commissions are also represented
on the ICG-WIS and are expected,
through their rapporteurs, to contribute
to a WIS rolling requirement review
(WIS-RRR) mechanism that is being

set up to keep WIS planning and
operations in phase with emerging
requirements and technological
progress.

WMO technical
commissions

A series of pilot projects under the
auspices of CBS, CAS, CCl, CAgM
and JCOMM (see box, right) have
been implemented. Several WIS
functions, including the core services
to be provided by the dif ferent
WIS centres 2, are being tested and
evaluated. By the end of 2007 it should
be possible that several countries
will achieve the implementation of
selected WIS functions and structures
in an operational mode.

Commission for Basic Systems
(CBS)

In the WMO Secretariat, the World
Wea ther Wa tc h D epar t ment is
responsible for facilitating the overall
coordination of development and
implementation of WIS through CBS
and the regional associations. It is also
responsible for the integration of the
GTS, including satellite-based datadistribution systems and the Improved
Main Telecommunication Network,
as the WIS core communication
component for exchange and delivery
of time- and operation-critical data
and products. The WMO Space
Programme Offi ce coordinates the
space -based component of the
WIS, the Integrated Global Data
Dissemination Service (IGDDS).
A cross-cutting project on WIS has
been established so that all relevant
depar tments and of fices in the
Secretariat are actively involved and
cooperate effectively in facilitating and
promoting the participation in WIS of
all their programmes and programmeaffiliated key partners. Among the key
partners figure non-NMHS agencies
such as natural disaster prevention
and mitigation platforms and research
facilities, as well as international
programmes and organizations (see
box), and WMO programme centres.
The CBS Technical Conference on
WIS (TECO-WIS, 6–8 November 2006,

2 See article in this issue by G.R. Hoffmann “Overview of the WMO Information Service:
architecture and basic services”
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Commission for Instruments
and Methods of Observation
(CIMO)
Commission for Hydrology
(CHy)
Commission for Atmospheric
Sciences (CAS)
Commission for Aeronautical
Meteorology (CAeM)
Commission for Agricultural
Meteorology (CAgM)
Joint WMO/IOC Technical
Commission for Oceanography
and Marine Meteorology
(JCOMM)
Commission for Climatology
(CCI)

Seoul, Republic of Korea) will be a
valuable forum for experts from key
partner communities to learn about
WIS and to present their needs and
expectations to the information and
communication technology experts
concerned with realizing WIS.
The Secretariat has compiled the decisions and guidance on WIS given by the
WMO policy-making organs and the
technical commissions into an action
plan on enhancing WIS development
and implementation (2006–2008). The
WIS cross-cutting project coordinates
consequent implementation of activities, monitors progress and initiates
corrective actions, as required. The
action plan aims to achieve the following results:
•

WMO programmes, associated
programmes, centres and
agencies have determined and
communicated their requirements
concerning WIS architecture,
services and standards;

•

Relevant non-NMHS user
communities (such as disaster

prevention and mitigation
agencies, research facilities,
environmental satellite operators,
international programmes and
organizations) are fully aware
of WIS development and
implementation, see value in
the collaboration with WMO
on WIS and have defined and
communicated their requirements
so that they will be able to use
the system and benefit fully
from it; WMO is fully informed
of non-NMHS user community
developments and has taken
action to integrate appropriate
non-NMHS functions and services
into the WIS;
•

A developing country outreach
programme, intended primarily,
but not only for their NMHSs, has
ensured these countries’ effective
participation in the WIS.

These expe c ted results should
be achieved through a range of
coordinated measures illustrated as
follows:

International
organizations
Preparatory Commission for the
Comprehensive Nuclear-Test-Ban
Treaty Organization (CTBTO)
Food and Agriculture Organization
of the United Nations (FAO)
Group on Earth Observations
(GEO)
International Atomic Energy
Agency (IAEA)
United Nations International
Strategy for Disaster Reduction
(ISDR)
Intergovernmental
Oceanographic Commission of
UNESCO (IOC/UNESCO)
World Health Organization
(WHO)
United Nations Office for the
Coordination of Humanitarian
Affairs (UN/OCHA)

Relevant programme ac tivitie s
planned under the dif ferent
programmes are coordinated and,
if necessary, modified, to ensure that
they converge collectively on the
WIS, so that all WIS requirements
and related technical aspects are
appropriately integrated and the
benefi t of WIS is optimized for all
users. The technical commissions
and regional association include
WIS in their working programmes
and task their subsidiary bodies to
develop relevant recommendations.
Knowledge and understanding of WIS
is furthered through presentations
and question/answer sessions on WIS
organized at meetings of regional
associations, technical commissions
and related technical conferences.
This is supplemented by technical
reports and brochures (printed and/
or on Websites) designed for experts
and decision-makers, respectively.
In developing countries, the NMHSs
are expected to be both the primary users and operators of WIS.
At present, it is important that the ICT
experts realizing WIS develop a clear
understanding of the realistic capabilities and emerging opportunities
that determine the participation of
NMHSs of developing countries. The
regional associations have included
WIS in their regional strategic development plans, and have defined and
prioritized WIS projects for implementation in their Member countries. They
will do so more in the future.

activities on operating and using WIS
facilities.
The Secretariat will engage in resource
mobilization, including dedicated
trust and Voluntary Cooperation
Programme funds to provide the
means for implementing these projects
and facilitate provision of technical
guidance and training and foster
the planning and implementation of
cooperation projects.
In its for thcoming ex traordinary
session (9-16 November 2006, Seoul,
Republic of Korea), CBS will discuss
the action plan on enhancing WIS
development and implementation,
monitor the progress achieved and
make recommendations on necessary
activities and related means to bring
WIS to fruition. The preceding WMO
Technical Conference on WIS (6 –
8 November 2006) will provide a
forum for all stakeholders and the
industry.
The pace of implementation and an
eventual successful global operation of
WIS depend on Members’ dedication
to realize WIS and the means they will
be able to invest in it.

Star ting from 2007, it is crucial
for WMO to prepare and support
developing countries in a timely way to
enable them to use the WIS. Plans will
be designed appropriately to ensure
the necessary smooth transition/
extension from current GTS operating
practices into the WIS within the next
few years. Developing countries will
be advised on WIS and possible
modes of participation, and receive
assistance to facilitate technical
solutions for their participation. Efforts
at the regional level will be enhanced
to include ICT staff of, mainly, the
NMHSs in WMO-sponsored training
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The role of science in the
1
implementation
of
GEOSS
Title
by José Achache2

Evidence-based decision-making is
fundamental to enhancing human
health, safety and welfare; alleviating
human suffering, including poverty;
protecting the global environment;
r e d u c i ng d i s a s te r l o s s e s; a n d
achieving sustainable development.
Understanding the Earth system is
a prerequisite for such informed
decision-making.
The Ear th is recognized as a
complex “system of systems” of
numerous interconnected processes,
encompassing different temporal
and spatial scales. Comprehensive,
coordinated and sustained Earth
observations are thus crucial for
advancing understanding of the
planet. The creation of the Group
on Earth Observations (GEO) and its
10-Year Implementation Plan for a
Global Earth Observation System of
Systems (GEOSS) is rooted in this
important idea and the role of the
scientific community is essential to
its success.

The general need
for GEOSS
Today, we have a number of fairly
disparate and disconnected Earth
observation systems or systems
coordinated for limited purposes.
These include independent satellites
1 Global Earth Observation System of
Systems
2 Director, GEO Secretariat

264 | WMO Bulletin 55 (4) - October 2006

or satellite observation systems, such
as the space component of the World
Weather Watch Global Observing
System. This system will eventually
be a WMO contribution to GEOSS.
A number of scientific satellites
are operated by space agencies,
which conduct hundreds of Earth
observation missions. In addition,
Earth observation today involves
hundreds of in situ networks. Some
of them are global, such as the Global
Seismic Network or the drifting array
of Argo floats. Local and regional in
situ networks must also be linked
to a global network, such as those
for the observation of ecosystems
and biodiversity and similar systems
used for the monitoring of water or
air quality.
All these systems speak different
languages; they use different formats,
they produce different data and they
have dif ferent reference frames.
Interconnec ting, accessing and
understanding all these data is very
difficult. To really understand the
Earth and its complex processes,
we must have observing systems
that speak the same language. This
is the basic idea of GEOSS, which
will, in fact, bring together all Earth
observation systems into a data
management system in order to
serve a large number of applications
across the nine societal benefit
areas of GEO. These include water,
weather and climate but also extend to
disasters, agriculture, energy, health,
ecosystems and biodiversity.

This article is based on a
presentation by the author
to the 58th session of the
Executive Council
(Geneva, June 2006).

The justification for this approach is
twofold. First, any one observation
will often be used in many different
applications. A good example is land
cover. Land-cover data are obviously
necessar y for biodiver sit y and
ecosystem management and are, of
course, fundamental for agriculture,
water and energy applications. It
is also an important parameter in
weather forecasting and in climate
models. In this way, land-cover data
are essential for most, if not all, the
societal benefit area applications
of GEO. The second justifi cation is
equally important—it is clear that, in
order to address any one application
adequately, data are required from
many sources and many different
observing systems, whether they are
space-based, airborne, land-based or
ocean-based.
Therefore, GEOSS will allow one
observation system to serve many
more users and one user to draw on
data from many observation systems.
In this way, GEOSS will become an
efficient support for Earth scientists
and decision-makers.
In short, GEOSS will improve the
quality and coordination of observation

systems and will provide easier and
more open data access. Hence, it
will foster use of these data through
the development of good science
applications. The ultimate objective is
to provide answers to society’s needs
for informed decision-making.

The role of the
scientific community
GEOSS will be successful only if the
data and observations it coordinates
are put to good use. The role of the
scientific community, essential to all
phases of GEOSS implementation, is
particularly important in the following
areas.

Understanding Earth
system phenomena
The scientific communit y mus t
continue doing what the scientific
community does best, i.e. do science
and improve the understanding of the
processes that are driving the Earth
system. The current state of scientific
understanding of the mechanisms
behind sea-level rise provides an
excellent case in point. A recent
conference in Paris, organized by the
Intergovernmental Oceanographic
Commission (IOC) of UNESCO and the
World Climate Research Programme
(WCRP) concerning sea-level change,
demonstrated the impressive amount
of scientific work that is being devoted
to this issue, while, at the same time,
highlighting large uncer tainties
about the causal ef fects of this
phenomenon.
Altimetry observations clearly indicate
that, over the last 10 to 15 years, sealevel has been rising by about 3 mm
per year. Five years ago, the accepted
interpretation was that 100 per cent
of this sea-level rise was essentially
produced by the thermal expansion
of the ocean. However, since the
extension of the Argo float array
in 2004 to include higher latitudes,
new observations seem to indicate
a decrease in the thermal expansion
of the ocean over the three years
2004, 2005 and now 2006. Under the

previous model, this would indicate
that the ocean is cooling, which is
somewhat inconsistent with what
we know of the general trend of the
atmosphere.
The consensus is that, presumably,
the ocean is not cooling, but that
th e p r evious e s tima te s of the
thermal expansion were too high.
If that is correct, thermal expansion
mechanisms could account for as
little as 1 mm per year of sea-level,
leaving two-thirds of the observable
sea-level rise to be explained either
by melting of the polar ice sheets, or
a net intake of continental water into
the ocean.
Polar experts at the conference presented data demonstrating that
significant instability is developing
on the polar caps. Extensive in situ
observations indicate surface melting and other changing ice dynamics
in the Arctic, accompanied by some
indications of thickening from satellite altimetry. These discrepancies
make it difficult for the community
to quantify the net transfer from the
polar caps to the ocean at this stage,
or even to determine whether it is
positive or negative, although the
very latest gravity measurements
are showing signifi cant melting of
the polar ice sheets. The same is

The intergovernmental Group
on Earth Observations was
established in February
2005 and currently has
65 member countries, the
European Commission, and
43 participating organizations.
The GEO Secretariat is located
at WMO Headquarters in
Geneva, Switzerland.
www.earthobservations.org

true for continental water, where we
know that we now must consider the
amount of water captured by large
dams, against the additional transfer of continental water toward the
oceans generated by excess pumping in the water table. Here again, the
net balance is close to zero with significant uncertainties.
This example demonstrates how, in
many cases, a simple observation
still needs to be explained and
understood through further analysis
of the underlying processes. This is a
critical contribution of the scientific
community to GEOSS, namely, to
make observations useful.

Meningitis

Countries reporting more
than 15 cases
per 100 000 population
and an epidemic of
meningococcal disease
from January 1995
to October 1999

July

January

Figure 1— Relative positions of “meningitis belt” and intertropical convergence zone
(July and January)
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Connecting disciplines
The role of the scientist also extends
to connecting disciplines in order to
address cross-cutting issues. One
of the most important of these is
epidemiology: it is recognized that
climate changes as well as biological
modification have significant effects
on the r e - e mer g en c e of s ome
diseases. For example, the meningitis
belt seems to be clearly related to the
intertropical convergence zone and
drought, and thus, aerosols mobilized
by winds (Figure 1). Cholera is another
example of a re-emerging disease that
seems to be connected with climate
change, whereas hemorrhagic fevers
(Dengue fever, West Nile virus) seem
to be more connected to biological
changes. These connections have to
be analysed and understood to explain
and account for the observations
produced by GEOSS.

Developing data-assimilation
models and methods
The development of models and new
methods for the assimilation of the
data, very often on different temporal
and spatial scales, will be essential to
the success of GEOSS. In modelling
the water cycle at the catchment level,
processes occur at all time-scales—
from very short (precipitation) to very
long (groundwater flow) and at spatial
scales ranging from the local to the
global. The Grace gravity satellite
recently provided an outstanding view
of the monthly changes in global water
storage in the continents, which are
reflected in changes in the gravity field.
This large-scale satellite information
must be integrated with local in situ
data from water gauges.
This leads to a further role for scientists:
the integration of space and in situ
observations. A famous, successful
example of this is the nowcasting
and forecasting of ocean currents.
These forecasts were obtained from
the combination of the satellite
altimetry on the one hand and in situ
measurement of temperature and
salinity, either through Argo buoys
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March 97

December 97

March 98

December 98

July 99

February 2000

Figure 2— Sea-surface topography measurements showing the development of El Niño
conditions in 1997 as compared to later years (Image: CNES)
or through expandable bathymetric
instruments (Figure 2), on the other.
It is this ability to combine datasets
in a single model that has given us
the possibility to understand, model
and even forecast the state of El Niño
in the South Pacific.

Improving applications
and forecasting systems
A four th role for the scientif ic
communit y is to foster the
development of applications for,
and implementation of, forecasting
systems. GEOSS will support informed
decision-making, and informed
decision-making requires developing
specifi c applications driven by the
users, as well as the development of
forecasting systems. Two important
examples of this will be emphasized
by GEOSS. First, the prediction of
floods, in particular of floodplains.
Such floods occurred this year again
in south central Europe.
A second area where the development
of applications and forecasting
models will be ex tremely useful
for decision-makers is the field of
renewable energies, particularly wind
energy, where the ability to forecast
fluctuation and manage intermittency

in the grid will be essential to proper
development of these new energy
sources.

Developing new observation
methodologies—
interferometry and the
Bam earthquake
Developing new obser vation
methodologies will involve a
significant role for the scientific
community. One example taken from
solid-Earth geophysics illustrates
this point well. It is the ability, by
combining three dif ferent radar
images, to produce a complete
three-dimensional map of surface
deformation. This has been a major
step forward in the understanding
of surface breaks developed during
earthquakes. One remarkable feature
of this technique is that it sometimes
allows the location of faults that were
previously unknown. In the case of
Bam, the field geologists looked for
the surface rupture at a known fault,
which they believed had triggered the
earthquake, but found no evidence
of any surface rupture. Thanks to
the production of this interferogram
(Figure 3), a model was able to predict
that the actual surface rupture should
lie 30 km west of the known fault.
Geologists went there and indeed
found the surface breaks which, in
the arid desert environment of Bam,
might otherwise have been obscured
by winds.

Bam

Improving mechanisms for
user interface and access
There is also a role for the scientific
community in adapting itself, and
helping users and operational communities, to adapt to new modelling,
processing and dissemination technologies. Because accessing data
is critically important in places on
the Earth where high-speed Internet access is inadequate, alternative
distribution and access mechanisms
must be developed. This is the idea
behind the development of GEONetcast, essentially an extension of the
EUMETCast initiative (see article
on page 245) to include more data
sources. GEOSS data distribution
mechanisms will also include the data
dissemination system of the European
Space Agency and the WMO Information System, as well the systems of
NOAA and Sentinal Asia. Here too,

Figure 3 —
Interferogram
of the Bam
earthquake
(Image: ESA)

the scientific community can make a
significant contribution to this establishment and efficient use of GEOSS
and the data produced by GEOSS.
The establishment of GEO and the
initiation of GEOSS implementation
has led to a tremendous mobilization
of teams from scientific and
operational communities all over the
world. Interest in GEO in all disciplines
and all communities is quite high,
and there are already signs of early
success. This success will continue
to depend on engagement and
cooperation throughout the global
scientific community, which will allow
the right data to reach the right people
at the right time, so that they may take
the right decisions.
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Managing disaster risk in a
mega-city
Title
by Xu Tang*

Introduction
In view of the increasing global
urbanization and increasing disaster vulnerability of mega-cities due
to climate change, disaster risk management in mega-cities is becoming
the focus of world attention.
In response to the Hyogo Framework
for Action 2005–2015: Building the
Resilience of Nations and Communities to Disasters and the agreement
made in the 2005 United Nations
Summit Conference in South Africa—
“Building worldwide multi-hazard
early warning systems”, the Government of China has made great progress
in risk management and emergency
response for multi-hazard mitigation,
particularly in mega-cities.
Shanghai, a mega-city in east China,
is one of the most densely populated
cities in the world with a population
of 17 million in an area of 6 340 km2.
The urban population density is three
times that of Tokyo and 1.74 times
that of Paris. Meanwhile, with over
1 600 buildings of more than 20 storeys and over 200 buildings of more
than 30 storeys, Shanghai is ranked
as the city with the highest number of
tall buildings. With its rapid urbanization and population growth, Shanghai
has become more vulnerable to natural hazards such as typhoons, heavy

rain, strong winds, tornadoes, storm
surge and tide and floods, which
have caused loss of life, extensive
property damage and disruption of
socio-economic activities.
In 2005, the total losses caused by
natural disasters reached more than
US$ 300 million, about 3 per cent
of Shanghai’s gross domestic product. For example, typhoon Matsa
had heav y impacts on Shanghai
in August 2005. It affected 1.3 million people, causing seven deaths,
destroying 15 500 houses, flooding
56 900 ha of farmland, closing airports for more than 30 hours and
causing a direc t economic loss

Since about 80 per cent of all natural disasters are weather-related,
the Shanghai Regional Meteoro-

“Multi-agency preparedness, multi-hazard
integration and multi-phase response are the three
crucial factors of disaster risk management.”

of some US$ 167.1 million. Disaster risk management is therefore
crucial for Shanghai’s safety and
development.
Under the leadership of the
national Government, Shanghai
has made progress in legislating
and making preparatory plans for

* Director-General, Shanghai Regional Meteorological Centre, China Meteorological
Administration, 166 Puxi Road, Shanghai 200030, China
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disaster reduction. An integrated,
multi-categorized, grid-based and
all-reaching Emergency Response
a n d M a n a g e m e n t Sy s t e m h a s
been established. Some significant
progress has been made in establishing an integrated information
plat form, combining ac tions of
multiple agencies, integrating a
variety of response phases into one
chain and building people-centred
hazard awareness, preparedness
and mitigation, which represents a
“grassroots” concept.

logical Centre (SRMC), the eastern
regional centre of the China Meteorological Administration (CMA) is
the key agency for disaster risk management for Shanghai. Under the
dual leadership of the CMA and the
local government, SRMC is working to establish an early warning
system, evaluate the impact of hazards, and provide monitoring and
warning services. The SRMC integrated information system based
on science and technology plays an

Severe weather warning signals
issued by the Shanghai Regional Meteorological Centre
Weather

Level/Category

Multi-agency emergency response actions

Signal

IV - blue
Less severe

Municipal and district flood agencies at Level IV of emergency
response. Related information should be sent to the Municipal
Emergency Response Centre (MERC).

III - yellow
Severe

Municipal and district flood agencies at Level III of emergency
response. Related information should be sent to municipal
government and MERC. Rescue teams are on duty.

II - orange
Very severe

Municipal and district flood agencies at Level II of emergency
response. Related information should be sent to the mayor of the
city. Rescue teams and supplies are ready.

Typhoon and/or
heavy rain

I - red
Extremely severe

Municipal and district flood agencies at Level I of emergency
response. The mayor addresses the issue. Related information
should be sent to the national Government.

Categorized severe weather warning signals and emergency response

important role in Shanghai’s disaster risk management.

reaches residential communities,
factories, villages and schools.

Emergency response/
preparedness system

In these subplans, four levels of early
warnings and related responses have
been created, based on national
standards. For example, the Shanghai
emergency response/preparedness
subplan for t yphoon and f lood
prevention has four categories of
response corresponding to four
l eve l s of war nin g f or t y p ho on
and heavy rain (see fi gure above)
issued by the Shanghai Regional
Meteorological Centre. These are
Category I for extremely severe (red),
Category II for very severe (orange),
Category III for severe (yellow) and
Category IV for less severe (blue),
respectively. The subplan requires
multiple agencies, including the
Shanghai Municipal Bureau of Public
Security, the Municipal Water Affairs
Bureau, the Shanghai Municipal
Bureau of Civil Af fair s and the
Municipal Education Commission
to take relevant actions according

Under the national legislative and
institutional framework for disaster
risk reduction, the Shanghai
Municipal Government issued a
general action plan for multi-hazard
emergency response/preparedness
on 10 February 2006.
According to the administrative
infrastructure of two-level government, three-level management and
four-level networks, the emergency
response/preparedness subplans
for action have been developed
at different levels of the city, i.e.
prefecture/county level and different
agencies of the government. These
subplans fulfil the requirement of allreaching and grid-based, and ensure
that the risk management strategy

to the different warning categories
in order to ensure effective disaster
mitigation and rescue, and to save
life and property.

Three crucial factors
Multi-agency preparedness, multihazard integration and multi-phase
response are the three crucial factors
of disaster risk management.
Multi-agency preparedness requires
joint efforts from multiple government agencies to support disaster
risk management. The Shanghai
Emergency Response/Mitigation
Commit tee was es tablished on
5 March 2006. It consists of 50 members of various government agencies
and departments in areas related to
flooding, severe weather, fire, traffic
accidents, chemical accidents, nuclear
power accidents, public health,
earthquakes and marine emergencies. Under this committee, the joint
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Figure 1 — The Shanghai
Multi-Hazard Emergency
Response Centre

Supervisor

Classification
subcentre for
emergency events

Emergency
Hotlines

Emergency
response
centre

Health Traffic Chemistry Fire Flood Meteorology
Members of emergency response centre

Shanghai Emergency Response Centre (ERC) responds operationally and
effectively to any emergencies and
provides first-aid to local residents.
The ERC will narrow the information gaps and develop disaster risk
management plans by using a coordinated approach to share resources in
dealing with disasters or other major
emergencies.
Multi-hazard integration is the
in te gr a tion of mul tiple haz ar d
information and information platforms.
In Shanghai, an integrated urban
information platform was established
based on a geographical information
sys tem (GIS). The information
carried includes geographic district
boundaries, land type information,
in f r a s tr u c t ur e s y s te m s (s tr e e t
network, water system, drainage
system, etc.), emergency response
facilities, recreational facilities and
other relevant data pertaining to
city operations. The information is
maintained in both computer-aided
design (CAD) and GIS file formats.
Data from the monitoring of natural
disasters and associated products,
such as heatwave/health warning
and assessment and urban air quality
predictions, are jointly distributed by
the appropriate government agencies
in partnership to contribute to a
seamless strategy.
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The advanced operational information
system is an important component of
the integrated information platform
of the SRMC. The information SRMC
provided includes weather monitoring,
forecasts and warnings, as well
as hazard assessment. Through
SRMC ’s integrated display and
dissemination system, the information
is disseminated to the residential
communities (>10 000), factories

(>22 000), villages (>12 000), schools
(>1 500) and more than 3.5 million cell
phone users.
M u l t i - p h a s e re s p o n s e m e a n s
integrating the various phases of
response into one chain (Figure 2) in
disaster prevention and mitigation
(DPM). The DPM response phases
consist of monitoring, prediction
and warning, preparedness,

Prediction and
warning

Monitoring

Assistance

Meteorological hazard
subcentre

Preparedness

Observations
Forecasts
Warnings

Mitigation

Rescue

Figure 2 — Information and multi-phase response framework for multi-hazards

mitigation, rescue and assistance.
The seamless approach ensures DPM
effectiveness. Multi-phase response
also represents the “end-to-end-toend” concept. Through the chain,
seamless information reaches related
government agencies, and then the
end user—the public. Meteorological
depar tments are involved in the
initial period of DPM activities, the
monitoring phase and the prediction
and warning phase. Timely and
accurate weather information will
therefore facilitate government’s
quick and effi cient DPM directions
and actions. Meanwhile, other phases
of DPM also need weather information
to support disaster preparedness,
mitigation, rescue and assistance.

Grassroots experience
A complete plan for response to
disasters needs public awareness
and preparedness to build community
response capabilities. In Shanghai,
residential communit y- c entred
strategy plays a central role in multihazard mitigation. The implementation
of the people-centred concept is
supported by multiple agencies from
the Weather Service, the Housing
Department, Civil Administration,

the Emergency Response Office,
and non-governmental organizations
(NGOs).

Community rehearsal
In Shanghai, residential communities
actively take preparedness actions
and rehearse multi-hazard mitigation
every year. A residential communitycentred response procedure is shown
in Figure 3. With the suppor t of
government agencies, the practicality
of a residential community-centred
strategy was demonstrated
during the 2005 typhoon season.
For example, on 23 March 2005,
a rehearsal was held for a trial
typhoon warning issued by SRMC.
The administration depar tments
immediately implemented prepared
plans for multi-hazard mitigation. On
receiving the warning, the managers
informed residents through electronic
screens and community sirens. The
residents started to prepare for the
hazard and rescue.

Risk management based
on basic grid unit
The basic grid unit (BGU) management
method is being introduced for in situ

event handling and management in
Shanghai residential communities.
A BGU usually has an area of about
10 000 m 2 . BGUs are monitored
and managed by super visors
24 hours a day. For example, there
are 317 supervisors in 111 areas of
responsibility within 2 700 BGUs
of Shanghai’s LuWan district. All
super visors are responsible for
collecting community information
in their BGU and sending it to the
district operations centre through
the BGU network, if necessary. The
emergency response centre and other
related agencies and departments
can access information transmitted
through the network. Based on the
information, the response centre
sends commands to related agencies
and departments to deal with events
in the BGU.
To serve BGU management, SRMC
provides more refined and detailed
products based on the BGU. For
example, it has set up a GIS-based
dynamic rainfall-runoff simulation
model system and a chemical accidents emergency response system.
The inputs of this system are 500-m
resolution products interpolated from
a numerical weather prediction (NWP)
model’s 1-km resolution outputs.

Community supervisor gets warning from PDA

A response plan is put into action

Warning and advisory messages sent by
loudspeaker system, TV and two-way radio system

Supervisors check
windows, air conditioners
through binoculars

Wind gust, lightning
protection facilities

Response teams take an action to block the
flood by stacking sand bags in front of
basement garages

Rescue groups check the facilities:
drainage system, garage, scaling ladders
and water pump system

Residents are asked to switch off electric
power to prevent electric shock in water

Figure 3 — Residential
community-centred
response procedure

WMO Bulletin 55 (4) - October 2006 | 271

Figure 4 — Multi-hazard
monitoring systems in
Shanghai
GPS network
Lightning localization
system

Automatic
weather
station

Mobile meteorological station

Platform for
multi-hazard
monitoring
and warning
at 122°E, 32°N

Wind profiler

Infrastructure of the
early warning system
Shanghai has established an effective
early warning system, which plays
an essential role in disaster risk
management. As a major member
of the Shanghai Emergency Response
Committee, the SRMC contributes its
operation system to the early warning
system, which includes a multi-hazard
monitoring system, a forecasting
and warning system, a warning
dissemination and communication
system.

Multi-hazard
monitoring system
An integrated meteorological
obser ving net work has been
established in Shanghai, including
a Doppler radar (WSR-88D), two
wind-profilers, a lightning positioning
system (SAFIR 3000), a GPS/Met
network consisting of 20 reference
stations, over 100 automatic weather
stations (AWS), over 200 raingauges,
12 satellite data receiving systems,
two vehicle observing systems, a realtime video network and an airship. In
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order to monitor the weather system
from the East China Sea and fill the
meteorological data gap in seashore
and neighbouring areas, some AWSs
have been installed on islands and
petroleum platforms. Continual realtime monitoring enables the process
to adapt dynamically to changes in
natural hazards as well as changes
in stakeholders’ needs.

Forecasting, nowcasting
and warning systems
There is a series of operational
forecasting systems in SRMC, passing
from a long-range forecasting system
to a very-short-range forecasting
and nowcasting system, as well as
a tropical cyclone prediction system
and an urban flooding early warning
system.
T he s e sys tems genera te high resolution and seamless weather
forecasting and warning products.
For example, an urban flooding early
warning system can monitor and
display potential areas at risk and
forecast and estimate flood damage.
Meteorological inputs to the system
are derived from a high-resolution

NWP model, AWS and rain gauge
ob s e r va tion s and quan ti t a ti ve
precipitation estimation derived from
the radar system.

Warning dissemination and
communication system
To communicate risk information
and warnings, there is a bridge
between the early warning provider
and the end users that include the
public and policy-makers. The SRMC
issues severe weather warnings
using a variety of formats (tex t,
graphics and audio). Some stateof-the-art technologies have been
involved in warning dissemination.
Early warnings are issued via the
Internet, TV, radio, cell phone, digital
T V in large buildings and public
transpor tation vehicles, display
screens in the streets and the weather
signal tower along the bund of the
Huangpu River. As cell phones are
becoming more popular, messages
ar e b e c o min g mor e an d mor e
effective in warning dissemination.
In Shanghai, warning messages
ar e di s s e mina te d to me mb e r s
o f t h e muni c ip a l g ove r n m e n t ,
related government agencies and

departments and those people in
the district where hazards might
occur. Currently, there are about 3.5
million cell phone users receiving
early warning information.
Warnings are clearly issued with
intensity level, location, duration,
and a guide to prevention and
mitigation. Each warning level has
a series of guides that tells the user
how to avoid and mitigate potential
hazards and disasters. Thanks to the
guides, government agencies, the
private sector and the public know
how to respond. The guides have been
introduced to the public through the
media.

Conclusion

be set up together for multi-hazard
mitigation.

Mega-city risk management and early
warning should be the cut-in point
of action in response to the Hyogo
Framework for Action. A demonstration project could be a good approach
by integrating the joint efforts of
different levels (community, local,
national, regional and international),
government agencies and sectors.

A residential-community-centred
strategy should play a central role in
multi-hazard mitigation, especially in
mega-cities. Grassroots organization
and involvement are important and
can be extended and practised in
many countries.

Both the “top-down” policy, which
reflects an approach from science
and governance to action, and the
“bottom-up” policy, which reflects
an approach from vulnerable communities and people to action, should

Multi-agency preparedness, multihazard integration and multi-phase
response are three crucial factors of
disaster risk management.
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Typhoon Research Coordination
Group: an example of regional
cooperation
Title
by Woo-Jin Lee*

Introduction
Research is an activity or process
to solve a scientifically well-defined
problem. Normally, research is conducted by an individual or a group with
homogeneous interests and expertise
and requires a high degree of voluntarism and creativity. On the other
hand, coordination implies administration in a structured environment
with strict rules and regulations. It
would appear to be a contradiction to
join these two seemingly contrasting
words, i.e. research and coordination. However, once placed alongside
the words “regional cooperation”, it
gains a strategic meaning, contributing toward capacity-building and
supporting infrastructure of National
Meteorological and Hydrological
Services (NMHSs) through cooperative efforts at the regional level.
The Typhoon Research Coordination
Group (TRCG) is a subgroup of
the United Nations Economic and
Social Commission for Asia and
the Pacific (ESCAP)/WMO Typhoon
Commit tee. It has a mandate to
promote r e s ear c h a c tivi tie s in
tropical cyclones, including analysis,
f or e c a s t in g an d s o c ial imp a c t
assessment, from the perspective of
meteorology, hydrology and disaster
prevention and preparedness (DPP).
It was established in 1996 under the

* Director, National Meteorological Centre,
Korea Meteorological Administration, Seoul,
Republic of Korea
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chairmanship of C.Y. Lam of the Hong
Kong (China) Observatory, following
the Special Experiment Concerning
Typhoon Recurvature and Unusual
Movement (SPECTRUM). The TRCG
currently has 14 members from
countries of the Indo-China peninsula,
North-east Asia, Oceania and the
northern Pacific region.
The work of TRCG in the last few years
has thrown light on how to better
coordinate research activities for
the benefi t of Typhoon Committee
Members concerning the accurate
and timely forecasts of tropical
cyclones and associated disaster
prevention and preparedness. This
article reviews the opportunities and
challenges for cooperative research
under the regional body, and those
facing similar problems in other
geographical areas.

Competing needs
Diversity of national
interests
Research and development varies
from NMHS to NMHS in a region,
depending on multiple factors such
as geography, climatology and socioeconomic needs corresponding to the
level of technological advancement.
It may cover observation networks,
telecommunication channels, data
processing (including numerical
models), forecasting techniques
and nowcasting tools. The spectrum
of research subjects is widened if

disaster prevention and preparedness
associated with meteorological and/
or hydrological phenomena are
included.
W hil e s o m e N M H S s ar e m o r e
interested in basic infrastructure
such as the implementation of
their obser vation net works and
telecommunication systems,
other NMHSs choose to invest in
the development of software and
methodology for delivering a better
forecast service. In the middle of the
range, a group of NMHSs has a keen
interest in adopting newly developed
methods and application tools in their
working environment.
The research activities of each of these
groups have their own difficulties and
challenges. It is extremely costly to
establish or expand basic structure
as part of a global observation or
telecommunication system. Advanced
technology and expertise are required
to tackle cut ting-edge research
problems such as high-resolution
modelling and variational data
assimilation of synoptic observations.
The adoption of new technology also
demands considerable manpower
and capacity-building. More details
of the technical gaps in Asia are
illustrated in Lee (2004) in the context
of numerical weather prediction and
data processing.
As resources are limited, priority
should be given at the national
level to research subjects having

scientific merit, societal benefits
or a programmatic implication, as
identified by Dutton and Crowe (1988).
The diversity of national interests,
however, makes it more difficult to
develop similar criteria at the regional
level.

Training
Research centres having advanced
technology tend to have little motivation to cooperate with less developed
centres in a region in terms of scientific research. The observational field
experiment SPECTRUM was an exception, as every NMHS could make some
contribution according to its individual capacities (Lam, 1991).
On the other hand, technical
transfer is a major issue for regional
cooperation bet ween advanced
and less developed centres, and
between academic and operational
centres. The training of personnel is
a prerequisite to conducting research
for the adaptation of new techniques
to the working environment. While
training is focused on capacit ybuilding and research is directed
to solving problems in a systematic
manner, training is never theless
the initial phase of building an
environment for promoting research
and development.
Research is a subtle subjec t in
terms of regional cooperation in
which both training and research
needs co-exist. The importance of
capacity-building often dominates the
prioritization process, while the needs
of research are less well defined or
understood.

Embracing partners
Academia versus operation
Science and technology have an
intrinsic value for society, but it is
realized only when the application
process is established and verified
at the operational level. The NMHSs
make a great ef for t to apply the
scientific outcome of academia to

A floating hotel beached in Pusan by typhoon Maemi, which hit the southern coast of
the Republic of Korea in 2003. More than 23 000 people were left homeless and at least
117 fatalities were reported. Losses to the national economy amounted to US$ 4.8 billion.
Similar damage is caused by tropical cyclones every year in various parts of the world.
(Photo: Yonhap Communication)
the forecast and warning services
against adverse weather and extreme
climate events. The working group
meetings and training seminars
supported by WMO stimulate the
sharing of experiences and knowledge
among operational meteorologists
and hydrologists.
The academic community is also
active in communicating research
outcomes to s cientis t s beyond
national boundaries through conferences and seminars at both regional
and international levels. The distance learning modules developed
by academia greatly help operational staff become familiar with
the latest technology and scientifi c
findings, understand their potential
and utilize them in routine operation. For instance, various modules
prepared by the Cooperative Program for Operational Meteorology
(COMET) of the University Corporation for Atmospheric Research
(USA) have been extensively used
in the operational community to
maximize the potential value implicitly contained in remote-sensing
observations, numerical weather
prediction, data- assimilation systems and nowcasting tools (Serafin
et al., 2002).

The interaction of both communities,
however, should be further strengthened to facilitate the application of
the findings by the academic community to operation. Recently, there
have been movements to stimulate
the interaction of academia and operational centres in the field of tropical
cyclone forecasting (Lam, 2001). The
series of International Workshops on
Tropical Cyclones is another excellent example of special sessions
where experts on both sides meet
and exchange ideas for cooperation
(IWTC, 2002).

Regional versus
global perspective
Many research outcomes have
global applications. For instance,
the ensemble forecasting technique
and the interpretation of microwave
imagery could be applied to the
weather-forecasting process in any
NMHS in any region. Of course,
there are other research outcomes
which are more relevant to certain
NMHSs in certain regions. The extratropical transition of tropical cyclones
could only be applied to mid-latitude
countries, even though tropical
cyclones are a global concern.
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Even among the subjects of global
interest, the availability of funding
support and knowledge base would
often constrain further the scope
of research in a region and shape
the boundary of target areas to be
tackled with high priority. Disaster
damage statistics and the mode of
collaboration between NMHSs and
DPP organizations also par tially
determine the priority or preference
of research subject.

Interaction with the social
science community
Collaboration among meteorologists,
hydrologists and DPP exper ts is
essential for the mitigation of natural

Table I — Difference in characteristics between the physical and social sciences
Hydrometeorology

DPP

Subject

Mechanical

Human interface

Sequence of information flow

Beginning

End

Controlling factor

Process

Outcome

Project time scale

Long term

Short/long term

disasters of hydrometeorological
origin. Both meteorology and
hydrology belong to the realm of
physical science and engineering,
while DPP is more closely tied
with the discipline of social
science. Numerous differences in
research characteristics between
the hydrometeorology and DPP
communities apparently exist, as
illustrated in Table I.

Major research subjects considered
as high priorities by the Typhoon
Research Coordination Group
Meteorology
1. Conduct an intensive observing experiment and its application

Even though the methodology of
meteorology is not too dif ferent
from that of hydrology, there is
still much room for improvement in
strengthening cooperative research
between these two communities
at the regional level. For the collaboration between meteorologists
and DPP personnel, the concept
of research has to be ex tended
to cover the broad range of social
sciences, including policy measures.
For instance, scientific research
is intended for capacity-building
toward the improvement of accuracy
of forecasts and warnings, while
outreach programmes have to be
developed for trust-building with
the public as a step toward effective
warning services (Lam, 2005).

2.

Improve application of the Dvorak technique extending to blend with
microwave imagery

3.

Utilize ensembles of guidance from dynamical models, conceptual
models and statistical models

4.

Conduct an experiment with high-resolution numerical models and
data assimilation

Priorities

5.

Investigate the intensity problem associated with storm surge and
heavy rainfall and interacting with other circulation systems such as
monsoon, formation and extratropical transition, and the relation with
El Niño/Southern Oscillation

The priorities of research subjects in
the Typhoon Committee region are
regularly updated through the annual
planning process of the Typhoon
Committee, through e-mail surveys
and regional workshops. They cover
a wide range of areas and will be
pursued in the coming years. The
major subjects are presented in the
box on the left.

Meteorology and Hydrology
6. Apply ensemble prediction system methods on flood forecasting
7.

Conduct an experiment with a hydrological model coupled with a
land-surface model

8.

Apply soil water index

Meteorology and DPP
9. Develop technical procedures to convert probabilistic information
into deterministic instruction
10. Conduct a disaster impact study
11. Integrate a geographic information system with forecast information
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A regional example:
activities of TRCG

The Typhoon Commit tee region
extends from the tropics to the midlatitudes and Members are mostly
interested in the intensity problem of
global concern. While a few Typhoon
Committee Members could develop
their own ensemble predic tion
system (EPS) and/or high-resolution
model, the rest are more interested
in utilizing the outputs. Items 6 to 11

imager y, and the application of
ensemble prediction systems. They
are a useful vehicle for transferring
academic findings on operations in
a region at reasonable cost. Another
seminar was held in Hanoi, Viet Nam,
in September 2006 on the factors
to d e te r min e tr o p i c al c y c l on e
intensif ic ation, movement and
associated heavy rainfall and/or other
local impacts.

Regional workshops

00 UTC on 7 August 2006, streamline at 850 hPa, overlaid with MTSAT-1R infrared image.
Three typhoons (Nos 7 to 9) appear in the North-west Pacific and tropical depressions
are continuously activated along the monsoon trough and the intertropical convergence
zone. Every year, an average of 27 typhoons are generated in the North-west Pacific
region, affecting various members of the WMO/ESCAP Typhoon Committee.

in the box, on the page opposite,
require close collaboration among
meteorologists, hydrologists and DPP
experts. Activities of TRCG have been
extended in three major directions,
with equal weight on both research
and training, the latter through roving
seminars and regional workshops,
and the former through research
fellowships.

Roving seminars
Roving seminars, focused on NMHS
operational meteorologists, have been
arranged for capacity-building. They
introduce the latest technology and
expertise in operational forecasting
and associated services to Typhoon
Committee Members and promote
their application in the reduction of
disasters caused by tropical cyclones.
For these roving seminars, experts
travel to Member countries and deliver
lectures focused on the subjects
of current interest to operational
centres. The Typhoon Committee
Trust Fund (TCTF) provides some
degree of support for the lecturers

and a number of participants. Host
countries and Members provide, in
addition, some voluntary support for
the venues, training material and/or
financial assistance for the lecturers
and participants.
Five roving seminars have been held
under the visiting lecturer programme
in the Typhoon Committee region since
2003 for more than 200 participants
from the host countries and
elsewhere. The subjec ts of the
roving seminars (Lee, 2005) included
the interpretation of microwave

Regional workshops are organized
for the exchange of knowledge
and expertise on tropical cyclone
forecasting and associated disaster
management. The first workshop was
held at Jeju, Republic of Korea, in
2001. It provided Typhoon Committee
Members with the latest knowledge
on items 2 to 5 in the box on page
opposite, associated with tropical
cyclone forecasting research (TRCG,
2001). It was intended to examine
global developments from a regional
perspective in terms of research. Both
researchers and operational meteorologists gathered together for the
transfer of the latest technology into
operation. The second workshop
entitled “Effective tropical cyclone
warning” was held in Shanghai, China,
in 2005 (Lee, 2005) to promote cross
collaboration among the meteorology,
hydrology and DPP components, in
particular the cross-boundary issues
contained in items 6 to 10 of the same
box. The workshop at Shanghai was
intended to identify the research areas
for collaboration among the three
disciplines.

Table II — Main issues in regional workshops organized by the TRCG, 2001–2005
Venue/Period

Main issues

Jeju, Republic of Korea,
25–28 September 2001

Tropical cyclone modelling (including conceptual
model)
Bogusing and data assimilation
Objective tools (including statistical model)
Interpretation of satellite and radar imagery for
position and intensity

Shanghai, China,
24–28 April 2005

Forecast accuracy and reliability
Impact and vulnerability
Warning dissemination and presentation
Public education and promotion
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Research fellowships
Typhoon Committee research fellowships have been awarded to
promote joint research through the
exchange of visiting scientists for a
short time with voluntary support
by donor countries. Donor countries
provide the working environment,
including computer facilities and/or
travel expenses and per diem. Interested Members apply for a fellowship
and the host country awards it to the
most appropriate applicant. Eleven
fellowships were awarded between
2001 and the time of writing (August
2006) and one more will be awarded
in 2006. Six papers have so far been
published in international journals
or the Typhoon Committee Annual
Review (Malano et al., 2006; Peng et
al., 2005; Servando et al., 2003; Wang
et al., 2005; Xue, 2002; and Yu and
Kwon, 2005).
The subject of research so far has
mostly concentrated on tropical
cyclone forecasting techniques,
as summarized in Table III, which
reflects the interest of the host centres. In the future, it will gradually be
extended to subjects in hydrology
and disaster prevention and preparedness. One of the merits of the
fellowship scheme is that the fellow
has a chance to work with the scientists of the host centre. This provides
an opportunity to put knowledge and
the latest findings into operation.
The fellowships have worked well
on the basis of bilateral cooperation
between the host and the applicant
through the coordination of TRCG.
We hope to extend the participation to fellows from other countries
on more general research subjects,
such as the application of EPS.

Conclusions
The Typhoon Research Coordination Group has carried out various
activities to promote research on
tropical cyclone forecasting and
associated DPP components through
regional cooperation, including roving seminars, regional workshops
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Table III — Eleven Typhoon Committee research fellowships were awarded between
2001 and 2006 (August). In addition, one more fellowship will be awarded in 2006 (in
italics). Publication in international journals is indicated by “*”.
Duration
(months)

Subject
Analysis of evolution of landfalling tropical cyclones with a view
to developing forecast guidance for wind and rain

2

TC track forecasting with use of superensemble *

5

Near-real-time analysis of the wind structure of tropical cyclones

2

Numerical modeling of typhoon intensity change (under
publication in AMS journal) *

2

Tropical cyclone track forecasting method

2

Analyses on the responses of the extra-tropical transition of a
tropical cyclone to its environment

3

Effect of tropical cyclone bogusing on model analysis and
forecasts

2

Evaluation of the model performance in typhoon prediction in the
high-resolution global model (T426L40)

3

Impact study of moisture data on tropical cyclone forecasting in
the south China Sea and western North Pacific

2

Using ensemble prediction system (EPS) information in tropical
cyclone forecasting

2

Sensitivity of mesoscale model for the simulation of heavy rainfall
associated with a landfalling tropical cyclone

3

Ensemble forecasting technique for typhoon track prediction

3

and research fellowships. The coordination of research has met with
challenges and opportunities.

Finding common ground
T h e M e m b e r s o f t h e Ty p h o o n
Committee have diverse interests in
research, depending on local climate,
socio-economic needs and technical
infrastructure. The Typhoon Research
Coordination Group regularly updates
research priorities through e-mail
surveys among Members and they
are reflected in the annual plan of the
Typhoon Committee.
The priorities for research have to be
reconciled when training needs compete with research and development.
The Typhoon Research Coordination
Group maintains a balance between
research and training. The former is
supported by the research fellowship
scheme, and the latter is achieved
through roving seminars. The fel-

lowship scheme provides a common
ground for sharing the latest scientifi c developments and stimulates
further research. The roving seminars are economical and effective for
capacity-building of local staff with
regard to operational knowledge.

Bridging diverse sectors
There has been an increasing trend
to bridge diverse sectors to cope with
the mitigation of natural disasters of
meteorological and/or hydrological
origin. The regional workshops
organized by TRCG provide an
oppor tunity for the exchange of
information between the academic
community and operational centres,
as well as among meteorologists,
hydrologists and social scientists,
including DPP experts.
In addition, the transfer of practical
knowledge from academia to
operation is achieved in part through

r ov in g s e minar s an d r e s e ar c h
fellowships with the participation
of university professors as lecturers
and/or research supervisors. So far,
the subjects of the roving seminars
and research fellowships have been
mostly confined to meteorology. The
future challenge is to expand them to
include hydrology and DPP.
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Typhoons Bilis and Saomai: why
the impacts were so severe
Title
by Duan Yihong*

Typhoon Bilis and the subsequent
depression as it weakened, from
14 to 18 July 2006, brought heavyto-excessive rain, strong local winds
and lightning to six Chinese provinces
(Fujian, Zhejiang, Jiangxi, Hunan,
Guangdong and Guangxi). Some
localities measured an accumulated
rainfall amount of 300-500 mm. The
rain triggered floods, landslides, rockand mudflows, causing heavy loss of
life and property. Bilis was unusual
in terms of lifetime over land and
impacts. Similarly, on 10 August 2006,
supertyphoon Saomai made landfall
on the coast of Cangnan County,
Zhejiang Province, claiming many
casualties and causing economic
losses there and in parts of Fujian
Province.
Why were the impacts of Bilis and
Saomai so severe? Have there been
other instances in history? What is
the current skill in forecasting such
typhoons? In order to answer these
ques tions, some objec tive and
scientific analyses should be made.

Bilis
Bilis moved slowly after landfall and
persisted longer with prolonged
rainfall
After Bilis formed on 9 July, it moved
north-west, made its first landfall

* National Meteorological Centre, China
Meteoro logical Administration (CMA),
Beijing, China
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over Taiwan, Province of China,
traversed the Taiwan Straight and
eventually landed in Fujian Province.
Bilis’s movement was normal over
the sea. What was unusual was
that, despite being degraded to a
tropical depression after landing, Bilis
continued to move north at a very
slow pace from 14 to 18 July, under
the influence of the continental high to
the north, with its impacts extending
for up to five days.
Historical analysis indicates that,
normally, typhoons, after landing,
persist for about 26 hours on average.
Of these typhoons, 59.3 per cent
disappear within 24 hours; 28 per cent
survive for no longer than two days;
and only 12.7 per cent stayed for more
than two days. The previous record
was made by Typhoon No. 7 in 1952,
whose lifetime was 129 hours (>five
days) and Typhoons Nos. 4 and 3 in
1975, whose lifetimes were 119 and 101
hours, respectively. Compared with
these three typhoons which moved
north-west or north after landing, Bilis
moved south-west and persisted for
120 hours over land, hence breaking
the record in this sense.
Bilis was unusual for its unsymmetrical structure and its southern cloud
band which produced heavy rain
Since Bilis formed, its intensity did not
increase substantially. It differed from
the strong tropical cyclones which
landed in east China in 2005, being
weaker by the order of several digits.

Seemingly weak typhoons give the
general public the wrong idea. They
believe that the typhoon’s impacts
go hand-in-hand with its intensity,
i.e. the stronger it is, the stronger
will both wind and rainfall be. In fact,
this perception is rarely justified. The
impacts have more to do with the
surrounding weather systems at the
time of landfall.
During its movement over the sea,
only the southern portion of Bilis’s
cloud system was seen to be active
on the satellite imagery. It looked like
half a typhoon, some even believed
that it was one without an eye. This
evident unsymmetrical distribution
of cloud bands could explain why
its intensit y (which is normally
measured by its lowest air pressure
and maximum wind velocity in the
vicinity of its centre) remained less
strong. This feature was true for Bilis
after landing, in particular its cloud
system then developed instead of
dissipating, indicating a large supply
of moisture which brought about
even more rainfall than at the time
of landing.
Historically rare: unlike others whose
rainfall was due to encountering cold
air, Bilis’s rainfall came from the
mesoscale systems triggered under
the interaction with the South China
Sea Monsoon after landfall.
Normally, if a typhoon moves west,
north-west or north after landfall, a
huge amount of moisture will be taken

Figure 1 — Nationwide rainfall pattern, 1-13 July 2006
with it. When this moisture meets
cold air coming from the north, heavy
rain occurs. In China, a number of
severe events induced by typhoons
have occurred:
After Typhoon No. 7503 landed over
Zhejiang in August 1975, it continued
to move nor th-wes t, when the
moisture it contained encountered
the cold air from the north and the
special topography channelled the
wet airmass to the Zhumadian region,
Henan Province, bringing three days of
torrential rain to hilly areas: 1 062 mm
in 24 hours, a record for the Chinese
mainland.
Having made landfall over Fuqing
City, Fujian Province, around midday
on 1 August 1996, Typhoon No. 9608
continued to move north-west-north.
As it moved, it met cold air from the
nor th over the Nor th China Sea,
causing extensive heavy rain over
central south and southern parts
of north-east China. Shijiazhuang,
Pingshan, Jingjing and Yuanshi in
Hebei Province received 303, 324, 311
and 299 mm of rain, respectively, from
3 to 5 August, breaking local records
and causing flooding along the Hai
River basin. Again, the rainfall was
produced by the same mechanism.
After Typhoon Talim (No. 0513) landed
over Putian city, Fujian Province, it
moved north-west and met cold air

from the north just over northern
Jiangxi Province and south-western
Anhui Province, giving rise to heavy
or excessive rainfall over the region.
At Lu Mountain and Yuexi, 940 and
573 mm of rainfall were observed,
respectively, both beating the records
since obser vations began. Such
rainfall was a combination of the
remaining cloud moisture carried
by the typhoon and the cold air,
plus some complicated underlying
topographic effects.
Bilis, however, was extremely unusual
owing to its interaction with the South
China Sea (SCS) monsoon. This
mechanism can be easily identified
from satellite imagery. After landing,
Bilis was no longer a source of
moisture but dynamic source that
created a rising environment for the
rainfall systems. The SCS monsoon
was the moisture provider. Due to
the interaction of the two weather
systems, the primary mesoscale
rainfall subsystems generated and
developed over Hunan, Guangdong,
Guangxi and Yunnan Provinces. This
was a completely dif ferent rainproducing mechanism than that of
the three aforementioned cases.
Disaster-prone: before landfall, rainfall
over the area had already been slightly
more frequent and water saturation
tends to reduce the water retention
capacity of the soil.

From 1 to 13 July 2006, the mid-eastern
parts to the south of the Yangtze River
(i.e. most parts of Zhejiang, Jiangxi
and Hubei Provinces) experienced
precipitation of 10-50 mm, which was
slightly less than normal by 2–5 per
cent. Bilis brought enough rain to
mitigate possible drought in these
localities. On the other hand, the
western part of South China (e.g.
most parts of Guangxi) to the south
of the Yangtze River (e.g. most of
Hunan) and the eastern part of Yunnan
Province had already received more
than 30 per cent of precipitation than
normal. The rain which persisted for
5–9 days—or heavy rain for 1–2 days
in some localities—would have further
reduced the water-retention capacity,
thus causing serious waterlogging in
farmland (see Figure 1). In this context,
such regions had became highly floodprone. This was another important
factor behind the floods, landslides,
mud-/rockflows and other weatherinduced disasters in the southern part
of Hunan Province.

Saomai
E x t r e m e l y hi g h i n t e n s i t y : t h e
excessively strong winds at the time
of landfall were sustained for a long
period.
Saomai suddenly intensified about
36 hours before landfall: it was an
unprecedented supertyphoon along
the Zhejiang-Fujian coast.
Figure 2 is an image from the Chinese
FY-1D satellite. The clear-cut eye of the
typhoon illustrates its intensity.
Based on the observed changes of
intensities (Figure 3), it can be noted
that, from 02:00 to 20:00 (Beijing
time), on 9 August 2006, the central
air pressure of Saomai was lowered
by 50hPa, which far exceeded the
standard intensity threshold (1.25 hPa
per hour) of an abruptly intensifying
typhoon, reaching up to 2.7 hPa per
hour. A typhoon that strengthens
suddenly is ex tremely rare over
China’s coastal waters. Saomai was
even much stronger than typhoon
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The most powerful typhoon ever to
make landfall over mainland China, it
was a very unusual typhoon, which
occurs possibly once every 100 years.

Saomai’s wind speed was extremely
high and strong wind persisted for a
long time after landfall: the strong wind
was the main cause of disaster.
The velocity was extraordinarily high
when supertyphoon Saomai made
landfall. The observed maximum
wind speeds in both Zhejiang and
Fujian Provinces broke all records.
In the landing process, Nanxiaguan
station (Chang’nan county, Zhejiang
Province) and Hezhangyan station
(700 m a.s.l.) and Fuding station
(Fujian Province) observed winds of
68 m/s and 75.8 m/s respectively (just
below the existing typhoon record of
78.9 m/s observed at Dalaoshan, Hong
Kong, on 1 September 1962).
The coas tal area of south- eas t
Zhejiang Province and part of the
coastal area in north-east Fujian
Province experienced strong winds
varying from Beaufort Force 11 to
12, and even Force 14 to 17 in some
localities. As many as 10 weather
stations in Zhejjiang and Fujian
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According to the statistics, a total
of 686 tropical cyclones landed on
China (including Taiwan, Province of
China) from 1949 to 2005 (including
those which landed on Taiwan first
and then on mainland China, and
those which made landfall on the
mainland more than once). Of these,
only Marge had a wind speed at

Saomai’s intensity at landfall was
stronger than that of hurricane Katrina
in the USA in 2005.
Hurricane Katrina killed more than
1 833 people and caused more than
US$ 81 billion of property losses: the
heaviest weather-related losses in US
history. Katrina landed on Louisiana
on the morning of 29 August 2005
and seriously affected the southern
regions of the USA. Maximum central
wind speed at landing was 57 m/s
(60 m/s for Saomai). The air pressure
in the centre was 920 hPa for both.
Based on a comparative analysis of
satellite and radar images before
the landings of both Saomai and
Katrina, a clear-cut typhoon eye
could be seen from the FY-1D satellite
image of Saomai (see Figure 4). A
clear hurricane eye was also seen
from the US NOA A-16 satellite
image of Katrina (see Figure 5), but
the boundary of its eye zone became
slightly blurred, indicating that Katrina
was not as intense as Saomai before
landfall. From radar echo images (see
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No. 5612 that had a death toll of 5 000.
It had a central pressure of 925 hPa
and a wind force of 55 m/s at the time
of landing in Xiangshan, Zhejiang
Province on 1 August 1956. From
this perspective, Saomai was the
strongest typhoon that ever occurred
over China’s offshore region.

Minimum central air pressure (hPa)

Figure 2 — FY-1D satellite image of Saomai
at 07:00 (Beijing time) on 10 August 2006

The minimum central pressure of
Saomai reached 915 hPa and retained
this value until it was about 80 km away
from the coast. At landfall, Saomai was
still a supertyphoon with a maximum
wind force of Force 17 (60 m/s) and
central air pressure of 920 hPa. While
several typhoons have made landfall
on mainland China at speeds of 4550 m/s (see Table 1), only Saomai
(No. 0608) in 2006 and Marge, which
landed on Qionghai, Hainan Province,
on 14 September 1973, had winds of
60 m/s at the centre. Saomai’s central
air pressure at landfall, however, was
5 hPa lower than that of Marge. It may
be considered, therefore, that Saomai
was the most powerful typhoon ever
to have made landfall over mainland
China.

landing of 60 m/s (an estimated value
afterwards; the observed value was
42 m/s) and a central air pressure of
925 hPa. According to the cumulative
frequency distribution of wind speeds,
therefore, the frequency being at
56 m/s is only 99.85 per cent. Taking
all this into consideration, Saomai
has been registered as a type of
typhoon that tends to occur once
every 100 years.

Figure 3 — Typhoon Saomai intensity changes
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provinces recorded wind exceeding
Force 12. Wind gusts from 17:00 to
20:00 in Fuding city, on 10 August
was over 40 m/s for three consecutive
hours and caused severe damage.

Table 1 — Typhoons making landfall on mainland China with wind speed > 45 m/s
Time of landing
(D/M/Y)

Maximum central wind
speed at landing (m/s)

Central air pressure
at landing (hPa)

Changnan, Zhejiang

10–8–2006

60

920

0518 Damrey

Wanning, Hainan

26–9–2005

45

950

0515 Khanun

Taizhou, Zhejiang

11–9–2005

50

945

0509 Matsa

Yuhuan, Zhejiang

6–8–2005

45

950

0414 Rananim

Wenling, Zhejiang

12–8–2004

45

950

9615 Sally

Wuchuan-Zhanjiang, Guangdong

9–9–1996

50

935

9111 Fred

Xuwen, Guangdong

16–8–1991

45

960

8510 Mamie

Changle, Fujiang

23–8–1985

45

970

8105 Kelly

Yaxian (Sanya), Hainan

4–7–1981

45

965

8015 Percy

Zhangpu, Fujian

10–9–1980

50

960

7314 Marge

Qionghai, Hainan

14–9–1973

60

925

6903 Viola

Huilai, Guangdong

28–7–1969

48

936

6614 Alice

Luoyuan, Fujian

3–9–1966

45

965

6608 Ora

Haikang-Xuwen, Guangdong

26–7–1966

45

970

5822 Grace

Fuding, Fujian

4–9–1958

47

975

5612 Wanda

Xiangshan, Zhejiang

1–8–1956

55

923

5413 Ida

Zhanjiang-Haikang, Guangdong

30–8–1954

45

950

5310 Nina

Leqing, Zhejiang

17–8–1953

50

955

Typhoon no./Name

Place of landing

0608 Saomai

Figures 6 and 7), it an be noted that
the intensity of Katrina at landfall was
less than that of Saomai. There was
a small but clearer eye when Saomai
landed and the strong echoes around
it were distributed symmetrically.
When Katrina was landing, its eye
became somewhat distorted due to
topographical effects and the eye
zone was less clear. Moreover, no
strong echoes were detected, partially
because of the southern cloud bands.
This demonstrates that Saomai was
stronger than Katrina before and after
landing.
Saomai’s sphere was not large, but its
winds were destructive. In Xiaguan
town, Cangnan County, Zhejiang
Province, winds reached 68 m/s; while
the maximum wind speed observed
at Hezhangyan, Fuding city, Fujian
Province, at 17:10 (Beijing time)
on 10 August 2006 was 75.8 m/s,

breaking all records in both provinces.
Moreover, the Force 17 wind covered
a radius of 45 km before and after
landing. The obser ved ex treme
velocity when hurricane Katrina hit
southern regions of the USA was
60 m/s.

Concluding remarks

Figure 4 — FY-1D Satellite image of
typhoon Saomai at 07: 00 on 10 August
2006

Figure 5 — NOAA-16 satellite image of
hurricane Katrina at 04: 00 on 29 August
2005

The Central Meteorological Observatory (CMO) at CMA attaches great
importance to typhoon monitoring,
forecasting, early warning and related
ser vices. CMO made qualitative
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Figure 6 — Radar echo image at 17:00,
10 August 2006, in Wenzhou, Zhejiang

Figure 7 — US radar image of Hurricane
Katrina at 20:00, 29 August 2005

analyses and prognoses during
tropical storm Bilis concerning heavy
rainfall and duration, which proved
to be fairly accurate. Nevertheless,
the following questions will always
need answers:

•

•

What will be the specific amount
of precipitation?

•

At what specific time and place
will heavy rainfall take place?
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Where will the disasters occur?
Where will the flood and waterlogging occur?

B a s e d on c urr e n t s c ie n c e and
technology, it is still quite impossible,
in the short-term (1–3 day) weather
forecast, to give highly detailed and
precise rainfall quantities at any
specific time and place, which are
often urgently required by the national
disaster prevention and mitigation

authorities. However, through satellite,
radar and other modern monitoring
technology, we are in a position to
track closely and understand better
the behaviour of moisture-carrying
cloud bands of a typhoon, to analyse
the evolving features of short-term
heavy rainfall and to make improved
nowcasts 0-3 hours and even 0-6
hours ahead. It is now possible
to seize opportunities in making
forecasts and early warnings, so as
to give longer lead-times and identify
the locations which might be affected
to the decision-makers in disaster
prevention and mitigation.

Fifty years ago
Peaceful uses of
atomic energy

The picture on the cover
A series of six postage stamps (value:
5c, 10c and 40c) was issued in honour
of the Organization on 22 October
1956. The cover also carried the new
WMO emblem.

Contents
Fifty years ago, the main items in
the October Bulletin were a survey of current control practices
concerning basic weather data, a
report of the 22nd session of the
Economic and Social Council of
the United Nations, plans for the
meteorological programme of the
International Geophysic al Year
1957–1958 and reviews of activities

of the regional associations, the
Technical Assistance Programme
and technical commissions. There
were also reports of a meeting on
radar and meteorology and the
World Power Conference, on the
creation of a new international society for the study of bioclimatology
and biometeorology, the world comparison of radiosondes and of the
Symposium on Atmospheric Ozone.
Finally, there were articles on water
resource development, the question
of WMO extending its mandate to
include hydrology, and on sferics
in Sudan.
A f ull a c c oun t o f the O c tob e r
Bulletin 50 years ago can be found
in MeteoWorld on the Web: http://
www.wmo.int/meteoworld/en/

… WMO policy ... provided for WMO
playing its full part ... in advising
international agencies and Member
countries on the meteorological
aspects of atomic energy. There
were wide possibilities of valuable
techniques being developed for
meteorological purposes such as,
for example, the measurement of
the large-scale circulation of the
atmosphere over the Earth’s surface
by the use of harmless radioactive
tracers … the new international
atomic agency would be able to give
valuable assistance to WMO and the
National Meteorological Services in
such work.
The other aspect ... was the
cooperation with other agencies ...
with a view to solving any questions
relating to atomic energy which
might involve meteorological
factors. One of these questions was
the movement in the atmosphere
of radioactive waste products from
reactor plants whether arising from
routine or accidental discharge.
The standardization of methods
of measurement of atmospheric
radioactivity both on the Earth’s
surface and at great heights might
perhaps be facilitated by reference to
existing meteorological observational
procedures and possibly the use of
existing networks of meteorological
stations throughout the world.
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International Geophysical
Year 1957-1958

trials in connection with radio blackouts, interference and the failure of
intra-Antarctic communications were
decided upon.

Bioclimatology and
biometeorology:
creation of a new
international society

Water resource
development

On 1 January 1956 an international
society for the study of bioclimatology was established on the initiative
of S.W. Tromp (Netherlands).

Arctic Conference
The Arctic Conference met from
22 to 25 May 1956 in Stockholm. The
agenda included the distribution of
Arctic stations, the coordination of
observations and transmissions and the
standardization of working methods.
… the sensitivity of instruments
should be increased so that measurements could be made using
moonlight, a standard method of
measuring the ozone content of
surface air should be developed ...
The establishment of an aerological and actinometric station on the
Greenland ice cap was strongly recommended ...
… daily charts for 50 mb should be
published for the northern hemisphere
and as much of the equatorial region
as data permitted. Every effort should
be made to improve the quality and
quantity of radio transmissions of
synoptic observations from the Arctic,
particular attention being paid to
aerological observations from high
altitudes.

Antarctic Conference
The resolutions on radio transmissions and on actinometric and ozone
measurements ... applied equally to
the Antarctic. There were significant
gaps in the observational network of
the southern oceans. Various solutions proposed included the use of
weather ships, increased whaling
ships’ reports, the use of expedition
ships ... or a special ship circumnavigating between latitudes 45 and 55°S.
Another possibility was reports from
aircraft reconnaissance flights.
The conference re-examined the earlier plans for radio communications
in the Antarctic and regrouped the
stations to secure a more reliable
network capable of carrying all the
meteorological data. A number of
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WMO had been encouraged by the
United Nations and some of its specialized agencies to assume certain
responsibilities in the field of hydrology, especially with regard to the
collection of data.
The long-term programme visualized
included the preparation of technical
regulations and guides on international practices in hydrology, the
development of international standards for hydrological observations and
networks, for the routine exchange of
hydrological data and forecasts and
for the forms of hydrological yearbooks the preparation of technical
notes on various aspects of hydrology
and the organization of international
symposia and seminars.
For WMO to execute these new
responsibilities successfully, it would
be necessary to have one or more
specialists in the Secretariat able to
devote their full time to carrying out
the programme of hydrology.

World Power Conference
The fifth World Power Conference
took place in Vienna, Austria, in June
1956. The subject was “World energy
resources in the light of recent technical and economic developments”.
Under the heading “Utilization of
primary sources of energy (thermal,
hydroelectric, atomic and others)”,
several questions of interest to meteorology were discussed, such as the
current control of radioactivity in the air
near atomic piles, the meteorological
aspects concerned in planning atomic
power plants and the analysis and
control of air pollution produced by
industrial and power plants.

Radar and Meteorology
This meeting was held in Essen,
Germany, in June 1956. The use of
radar for meteorological purposes was
the central point of discussions.
The technical lectures ... included
general surveys on radar methods
which were of special importance
for upper wind measurements and
measuring me thods applied to
atmospherics and to conductivity
and atmospheric potential[;] ...
influences of weather situations
on r a dar me tho d s [;] ... and ...
cooperation in meteorology and
radar for navigation and air traffi c
control purposes, as well as for the
protection of the population against
catastrophes.
... one radar could detect echoes of
light rain or snow from distances
of more than 250 km if no interning
echoes interfered. It had also proved
to be of excellent assistance to the
hurricane warning system. Attempts
to obtain echoes of the ionization
effect of radioactive clouds on the
cathode-ray screen had been made
but so far without success. A lecture
on the navigation of aircraft in jet
streams dealt with the need for
accelerating measurements in the
upper atmosphere, where radar could
also be used.

Symposium on
Atmospheric Ozone
The symposium was held at the
invitation of the International Ozone
Commission in Ravensburg, Germany,
in June 1956.

... Besides the Umkehr method (for
determining the vertical distribution
of ozone), using the Dobson ozone
instrument, t wo other methods
seemed to have special merit, namely
the ozone radiosonde and a new
chemical method being developed
by A.W. Brewer.
… the Ozone Commission …
recommended that [during the IGY]
continuous recordings of surface
ozone concentration using electrochemical methods should be carried
out at as many plain and mountain
stations as possible.
Similarly, the Ozone Commission
found it premature to recommend
one particular method to be used to
determine the vertical distribution
of ozone during the IGY … the
measurement of the vertical distribution
of ozone at as many stations as possible
would contribute substantially to a
better understanding of the dynamics
and physics of the atmosphere and
particularly of the upper troposphere
and stratosphere.
… The meeting was informed that
when Prof. Dobson s tar ted his
international pioneer work in this
fi eld, only six instruments were in
use. Now there were 50 Dobson
ozone instruments in various parts
of the world and a procedure had

been instituted whereby a travelling
physicist (inspector) under takes
the regular checking of as many as
possible of these instruments.
Some investigations had been carried
out to see whether the mountain wave
had any influence on atmospheric
ozone but no such relationship
had yet been demonstrated. The
relationship between ozone variations
and meteorological conditions was
discussed in some detail but no
significant progress could be made
without a better network of observing
stations. Such an improved network of
ozone stations would be in operation
during the IGY and was expected to
give important material for the further
study of these problems.

News and notes
Ratification of the agreement
with Switzerland
The agreement between WMO and
the Swiss Federal Council governing
the legal status of the Organization in
Switzerland was ratified on 10 June
1965 by the Swiss Federal Council

Presentation of IMO Prize
to Dr Hesselberg in Oslo
André Viaut, President of WMO,
went to Oslo on 21 September 1956
to present to Dr Th. Hesselberg the
first International Meteorological
Organization Prize, consisting of a
gold medal, a diploma and a sum of
US$ 1 200.

Obituary
Gustav Swoboda, former SecretaryGeneral of WMO, died suddenly on
4 September 1956 in Geneva after
an operation.
Dr Swoboda was born in Prague on
7 September 1893 and for 18 years
held the post of Chief of the forecasting
services of the State Meteorological
Institute of Czechoslovakia. From 1938
to 1951 he directed the Secretariat
of the International Meteorological
Or ganiz a tion and in 19 51 wa s
appointed Secretar y-General of
WMO. After his retirement in 1955,
Dr Swoboda was appointed professor
of meteorology in the Technical
University of Istanbul, Turkey.

Membership of WMO
Afghanistan became the 95th Member of WMO on 11 October 1956.
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Title
Recently
published
Reviews

to atmospheric studies, starting with
a list of useful definitions.
Aeronomy of
the Middle
Atmosphere—
chemistry and
physics of the
stratosphere and
mesosphere

G.P. Brasseur, S. Solomon.
Springer (2005).
ISBN 1-4020-3284-6.
xii + 646 pp.
Price: £54/US$ 89.95

The middle atmosphere (the region
between the tropopause and thermosphere) is particularly vulnerable
to external perturbations such as solar
variability and volcanic eruptions and
to the emissions of anthropogenic
material.
The introduction touches on the
evolution of the Earth’s atmosphere,
the role of increasing amounts of
nitrogen oxide, methane and carbon
dioxide, and highlights the importance
of oxygen and ozone as protectors
of photosynthetic life. The following
six chapters discuss in some detail
the natural processes which currently
control the atmosphere and assess the
possible impact which human activities
may have upon it.
Chapter 2 reviews basic concepts from
physical chemistry which are relevant
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Chapter 3 presents fundamentals of
dynamical and transport processes
above the tropopause. The reader will
obtain a good understanding of the
effects of atmospheric dynamics on
chemical constituents. The basics of
three-dimensional (general circulation)
models and chemical-transport models
to simulate the formation, transport and
destruction of chemical compounds in
the atmosphere are also explained.
The elaboration of issues of weather
and climate as related to stratospheric
dynamics is discussed with a number
of examples.
Chapter 4 summarizes important aspects
of radiative transfer in relation to the
energy budget and photolytic processes.
The atmosphere can be considered as
a mixture of gases and particles which
absorb and scatter the electromagnetic
energy of the Sun and infrared terrestrial
radiation. The book provides details of
solar energy and perturbations from the
presence of various atoms and molecules
of the atmospheric composition at
different altitudes. It gives attention to
the photochemical effects of radiation
on many molecules of par ticular
importance to atmospheric ozone and
indicates methods for calculating photodissociation coefficients which are useful
in assembling numerical models.
Chapters 5 and 6 constitute the core
of the book. Chapter 5 describes the
chemical and photochemical processes

relevant to the principal constituents
of the middle atmosphere. It discusses
the distribution and behaviour of the
various constituents, as well as their
global atmospheric budgets. Thus, the
ozone budget and its dependence on
other compounds are well explained.
It is emphasized that the ozone
concentrations are under dynamical
control from the tropopause up to
~25 km where the bulk of total ozone
resides. Its latitudinal and seasonal
variations are discussed and the role
of polar stratospheric clouds (PSC) in
the processes of winter-spring polar
ozone destruction is highlighted.
Chapter 6 discusses human-induced
perturbations affecting ozone and
related to its regime compounds. It
starts with an explanation of how
solar radiation, local temperature
and certain chemicals affect ozone at
chemically-controlled altitudes in the
upper stratosphere and mesosphere,
providing important constraints on
scientific understanding of ozone
per turbation. The obser vation of
trends in upper-stratospheric ozone
has demonstrated the long-term
impact there of chlorofluorocarbons
as was first postulated in the mid1970s. This is followed by a detailed
discussion of ozone depletion in the
lower stratosphere and the important
role of chlorine compounds and PSC
heterogeneous chemistr y in the
formation of the Antarctic spring
ozone hole. The complex interplay of
dynamics and chemistry that affect
Arctic and mid-latitude ozone depletion

and the role of low stratospheric
temperatures are analysed. It should
be noted that the authors did not have
to hand the most recent studies which
indicate that ozone recovery will not
occur before ~2065. Most of the
illustrations in this chapter are based
on observational data from the mid1990s, while up-to-date information
for nearly another decade is now
available.
Chapter 7 provides an over view
of ionization af fecting chemical
processes in the mesosphere and
stratosphere. Electrons are present
in very small abundances below the
stratopause; positive and negative
ions dominate the ion composition
of the stratosphere; and positive
ions and electrons dominate the
mesosphere and thermosphere. It
would have been more logical to have
included this informative chapter as
part of Chapter 5 (composition and
chemistry).
There are a large number of references
(1 686), although hardly any were
published af ter 1999. Interested
readers will find additional references
by consulting the publications cited
and by consulting the periodic
International Assessments of the
State of the Ozone Layer published
by WMO. Unfortunately, there are no
references to Websites which contain
an enormous amount of up-to-date
information on ozone and related
topics. Six appendixes provide useful
information on physical constants,
conversion factors, etc. There are a
large number of illustrations and an
extensive subject index.
T hi s b o o k p r ov i d e s a n u p - t o date comprehensive review of the
chemical, dynamical and radiative
processes that af fect ozone and
related chemical compounds in the
middle atmosphere. It should be
useful for graduate students and
research scientists.

Rumen D. Bojkov
bojkovR@aol.com

Un modelo de
costes para la
meteorología oficial
en España [Costing
model for official
meteorology in
Spain]

Dr B. Rodríguez Mallol.
Ministerio de Medio Ambiente de
España (2006).
ISBN 84-8320-352-9.
214 pp.
Price: €10

This book proposes some concrete
suggestions for tackling a specifi c
problem encountered by National
Meteorological Services (NMSs), that
of providing proper justification for
their technological investments and
general expenditure on their primary
activities in support of various socioeconomic sectors.
Chapter I explains that the progressive
increase in terms of gross domestic
product in the public sector of most
countries, which finances meteorological activities in the majority of cases,
inevitably leads to higher demands
for the quality and range of services
provided by the public sector since
users’ tax contributions have also
risen considerably.
T h e b o o k hi g hli g h t s t h e n e e d
to clarify the cost of the various
individual services which an official
Meteorological Ser vice, such as
that of Spain, provides to defence
and civil defence bodies, as well as
to the aviation sector, for example.
Actually, in the latter case, the rules for
implementation of the Single European
Sky require transparent, separate
accounting for each performance line
of the aeronautical service providers,
which is practically impossible without
an analy tical accounting system
applying distribution criteria for the
greatly increasing indirect costs in this
meteorological sector. It is pointed
out that the growing investment in
radar, satellite and supercomputer
technologies for meteorological

purposes helps to support analysis and
forecasting activities, which, in turn, are
applied to the various user sectors.
It is also suggested that a costing
model for meteorological activities
should be capable of calculating the
cost of commercial activities in order
to establish appropriate policies for
public or private pricing, calculate the
cost of research and development
projects and serve as an internal
management and control tool for
calculating the costs of each cost
centre or of ancillary and primary
activities.
Chapters III and IV give an overview
of the standardization of accounting
in various countries, with special
emphasis on analytical accounting
in the public sector.
Chap ter s V and VI de s crib e in
detail the structure of the costing
model proposed for the Spanish
National Institute of Meteorology
and the importance of the Spanish
standardized analytical accounting
system for administrative bodies
(Contabilidad Analítica Normalizada
para Organismos Administrativos)
set up by the Spanish Government
accounting of fice (Intervención
General de la Administración del
Estado). This system is intended to
standardize the internal accounting
of the various governmental bodies
wherever possible and, significantly,
it has been customized for Spanish
meteorology in particular.
The book describes the accounting
model as being based on historical
costs (those of a closed financial
period), a radical dualist approach
(separate from financial accounting)
and full costing, which takes account
of all costs, whether fixed or variable,
direct or indirect and, essentially,
as calculating the cost of ancillary
activities (providing support for the
primary ones), principal or primary
activities (providing services to the
various socio-economic sectors)
and management and general or
administrative activities.
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Chapter X points out that tools such
as analytical accounting can help
increase the efficacy and efficiency
of NMSs but that only autonomous,
decentralized management with clear
objectives and specific indicators can
really achieve this. It also emphasizes
the importance of this tool for studies
of the cost-benefit ratio of meteorology
in various sectors in a consistent,
documented form, as well as the need
for international agreement on criteria
for indirect cost distribution and on the
classification of NMS activities. This is
needed for rational benchmarking or
comparison of the cost-benefit ratios
of these activities. The author points
out that the role played by WMO in
this context could be of fundamental
importance.
José Luis Martin Sánchez
jlmartin@inm.es

New books received
The global climate
system

Each chapter contains an essay by a
specialist in the field.

Fundamentals of
geophysical fluid
dynamics
Predictability of
weather and climate

J.C. McWilliams.
Cambridge University Press (2006).
ISBN 0-521-85637-X.
xvii + 249 pp.
Price: £40/US$ 75

Fundamentals of geophysical fluid
dynamics is an introduction to the
subject for intermediate to advanced
students of the physics, chemistry,
and/or biology of Ear th’s fluid
environment. Readers are expected
to be familiar with physics and
mathematics at the level of general
dynamics (mechanics) and partial
differential equations.

Frontiers of climate
modeling
H.A. Bridgman and J.E. Oliver.
Cambridge University Press (2006).
ISBN 0-521-82642-X.
xviii + 331 pp.
Price: £35/US$ 70

Over the last 20 years, developments
in climatology have provided an
array of explanations for the patterns
of world climates. This textbook
examines the Earth’s climate system
in the light of this incredible growth
in data availability, data retrieval
systems, and satellite and computer
applications. It considers regional
climate anomalies, developments in
teleconnections, unusual sequences
of recent climate change and human
impacts upon the climate system. It
also considers social and economic
aspects of the global climate system.
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A major emphasis is how greenhouse
gases and aerosols alter the radiative
forcing of the climate system and
the sensitivity of the system to such
perturbations.

J.T. Kiehl and V. Ramanathan (Eds.).
Cambridge University Press (2006).
ISBN 0-521-79132-4.
x + 387 pp.
Price: £70/US$ 120

The physics and dynamics of the
atmosphere and atmosphere-ocean
interactions provide the foundation
of modern climate models, upon
which the chemistry and biology of
ocean and land-surface processes are
built. Frontiers of Climate Modeling
highlights modern developments in
modelling the atmosphere and their
implications for our understanding
of climate change, whether due to
natural or anthropogenic causes.

T. Palmer and R. Hagedorn (Eds.).
Cambridge University Press (2006).
ISBN 0-521-84882-2.
xv + 702 pp.
Price: £85/US$ 150

The topic of predictability in weather
and climate has advanced significantly in recent years, both in
under standing the processes that
determine predictability, and in techniques used to model and forecast
predictability.
This book addresses predictability
from the theoretical to the practical,
on time-scales from days to decades.
Topics include the predictability
of weather phenomena, coupled
ocean-atmosphere systems and
anthropogenic climate change.
Ensemble systems for forecasting
predic tabilit y are discussed. A
contribution to theoretical analysis
is a previously unpublished paper
by E. Lorenz, father of chaos theory.

Noctilucent Clouds
and Mesosphere
(A historical review)

Wilfried Schröder.
Science Edition, D-28777 Bremen.
ISSN 1615-2824.
115 pp.
Price: €10

Obituaries
Ödön Starosolszky

Dr Ödön Starosolszky was a leading
personality of Hungarian water
management and a well-known,
creative and leading international
scholar. He was born in the town of
Veszprém in Hungarian Trans-Danubia
on 26 December 1931 and died, after
prolonged illness, on 3 June 2006.
Dr Starosolszky graduated from the
Budapest University of Technology
in 1954 and star ted work at the
Water Resources Research Institute
(VITUKI), Budapest, where he served
until 1971 in various positions from
research fellow to deputy head of
department.
Between 1971 and 1976, he served
in the National Water Authority, first
as deputy head and then as head of
department. In 1976, he returned to
VITUKI, where he was the leader, until
1989, of the Institute of Hydraulics.
After that, he was deputy Director

General of VITUK I, until being
nominated Dire c tor General in
1991. He retained this position and
membership of the board of directors
until his retirement in November
1998.
Since 1960, he participated in the
activities of various international
organizations. In 1972, he became
a member of WMO’s Commission
for Hydrology, ser ving as vice president from 1980 to 1984 and
as president from 1984 to 1993. He
was a member of Working Group II
of the Intergovernmental Panel on
Climate Change and lead author of
the chapter on hydrology of its report
(published in 1995). He also took part
in the elaboration of the theme dealing
with the impact of climate change on
Europe’s water management and was
one of the co-authors of the general
report of that theme, published in
1997.
His activities encompassed various
scientific branches of water
management and he wrote some
220 publications. He was co-author
and c o - e di tor of Hydrology of
Catastrophes (1989), Hydrological
Aspects of Accidental Pollutions with
special regard to the catastrophe of
Chernobyl (published in 1992 by WMO)
and Water Resources Assessment
Capacity of Countries (published in
1996 by UNESCO/WMO).
He taught hydrology and hydraulics
at Hungarian universities since

1962. In 1988, he became honorary
professor of the Budapest University
of Technology and of the Agricultural
University of Gödöllő.
He was a member of the Commission
for Meteorology and Hydrology of
the Hungarian Academy of Sciences
and contributed substantially to the
work of the Hungarian Meteorological
Society, receiving the Steindl Lajos
Prize, the Society’s highest award.
From 1990 to 1997, he was chairman
of the Commission for Scientific
Water Management of the Hungarian
Academy of Sciences. He also served
as a member of the Steering Board
of the Hungarian Hydrologic al
Association, as Chairman of its
Committee for International Relations,
and Chairman of the Academy.
Dr Starosolszky received a number
of awards. In 1984, he was decorated
w i th the highe s t award of the
Hungarian Hydrological Association,
the Vásárhelyi Pál Prize. From the
Hungarian Government, he received
the Eötvös Prize (1988), the Vásárhelyi
Prize (1992), the Medium Cross of the
Republic (1994), the Academy Prize
(1997), the Kvassay Jenő Prize (1998)
and the Széchenyi Prize (2000).
Dr Starosolszky was interviewed for
the January 2002 issue of the WMO
Bulletin (Volume 51 (1)).

Péter Bakonyi
VITUKI
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Kyung-Sup Shin

Programme there from August 1986
to December 1988.
He then worked as senior researcher
at the System Engineer Research
Institute under the control of the
Korea Advanced Institute of Science
& Technology from 1989 to 1990. In
1991, he began his career with the
Korea Meteorological Administration
(KMA) as Director of the Numerical
Weather Prediction (NWP) Division.
He introduced a NWP model and
system to KMA and paved the way
for their subsequent development.

Dr Kyung-Sup Shin, former Permanent
Representative of the Republic of
Korea with WMO, lost his life in a
fall on Mt Mckinley, Alaska, USA, on
29 June 2006.
Dr Shin was born in Seoul, Republic
of Korea, on 4 July 1953. He obtained
a B.Sc. in Meteorology from Seoul
National University, Republic of Korea,
in 1980 and an M.Sc. in meteorology
from Illinois University, USA, in 1982.
He earned his Ph.D. in meteorology
from Texas A&M University in 1986
and worked as a researcher with the
Associate Climate System Research
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Having held several important posts
in KMA, including that of Director
General of the Forecast Bureau, he
was appointed Administrator and
Permanent Representative of his
country with WMO in October 2004.
During his tenure of office (until
Januar y 2006), he enhanced the
capabilities of KMA in the areas of
observation, communication, data
processing, forecasting and the
dissemination of information and
products to the public as essential
elements of natural disaster prevention
and mitigation.

In the global arena, he attended
various meetings such as those of
the United Nations Economic and
Social Commission for Asia and the
Pacifi c/WMO Typhoon Committee,
WMO technical commissions, World
Meteorological Congress and WMO
Regional Association (RA) II (Asia). At
the 13th session of RA II in Hong Kong,
China in 2004, he co-chaired one of
the committees. He always strove to
work together with Members of WMO
and the Secretariat for development
and mutual benefit and to enlarge
KMA’s contributions to the world
meteorological community, especially
for the least developed countries.
We will remember him as an energetic,
innovative, passionate person, keen
to explore the unexplored, and as a
mountaineer and lover of mountains.
He is survived by his wife and two
children.
Man-Ki Lee,
Administrator,
Korea Meteorological
Administration

News from
the WMO Secretariat
Visits of the
Secretary-General
The Secretary-General, Mr Michel
Jarraud, recently made official visits
to a number of Member countries as
briefl y reported below. He wishes
to place on record his gratitude to
those Members for the kindness and
hospitality extended to him.

EUMETSAT Headquarters
(Germany)
T he S e c r e t ar y - G e n e r al v i s i te d
Darmstadt, Germany, on 3 July 2006,
to participate in the celebration of
the 20th anniversary of the European
Organisation for the Exploitation
of Meteorological Satellites
(EUMETSAT). Mr Jarraud met with
Mr Lars Prahm, Director-General, and
Mr Declan Murphy, Council Chairman
and Permanent Representative of
Ireland with WMO. Also present at
the ceremony were HE Wolfgang
Tiefensee, Federal Minis ter for
Transpor t, Building and Urban
Development, and HE Bernd Abeln,
representing the Federal German
State of Hesse.
EUMETSAT is an important partner
of WMO and particularly of the WMO
Space Programme. The SecretaryGeneral expressed WMO’s appreciation
for the important contributions that
were made by EUMETSAT in providing
data, products and services to WMO

Members, such as a water vapour
channel on the geostationary imager,
a Meteorological Data Dissemination
service to bring valuable data and
products to WMO Members, especially
in Africa, the PUMA project for all
African countries and its sequel, the
Advanced Dissemination Method
(AMESD), as well as for EUMETSAT’s
sponsorship of the new Centre of
Excellence for Education and Training
in Satellite Meteorology, which was
recently established in Muscat,
Oman.

Experiment, the Monsoon Experiment
and the First GARP Global Experiment
(1978-1979) (also known as the Global
Weather Experiment), the World
Climate Research Programme, the
Global Climate Observing System,
the United Nations Conference on
Environment and Development
(1992), held in Rio de Janeiro, Brazil,
the World Summit on Sustainable
Development (2002), which took
place in Johannesburg, and that the
two organizations were currently
cosponsoring the International Polar
Year 2007–2008.

France
On 4 July 2006, the Secretary-General
visited Paris, France, to participate in
the celebration of the 75th anniversary
of the International Council for Science
(ICSU). At the ceremony, Mr Jarraud
met with Mr Goverdhan Mehta and
Mr Thomas Rosswall, President and
Executive Director, respectively.
In his statement, Mr Jarraud recalled
the vital cooperation between the
t wo organizations, dating back
to the days of their predecessors,
the International Meteorological
Organization and the International
Council of Scientific Unions. He
further recalled that, together and
at times jointly with other partners,
WMO and ICSU had collaborated in
the International Geophysical Year
(1957–1958), the International Years of
the Quiet Sun (1964–1965), the Global
Atmospheric Research Programme
(GARP), the GARP Atlantic Tropical

Brazil
The Secretary-General visited Brasilia
from 12 to 14 July 2006. At the National
Institute of Meteorology, Mr Jarraud
and the Permanent Representative of
Brazil with WMO, Mr Antonio Divino
Moura, signed a Memorandum of
Understanding for the establishment
of a WMO Project Office in Brasilia and
participated in the inauguration of the
new Meteorological Data Collection
Centre, in presence of Brazil’s Minister
of Agriculture.
In addition, the Secretary-General
participated in the closing ceremony
of the Regional Technical Conference
on Social and Economic Benefits of
Weather, Climate and Water Services,
which was held in Brasilia from 12 to
14 July 2006. He met with several
permanent representatives of Regional
Associations III (South America) and
IV (North America, Central America
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Brasilia, Brazil, July 2006 — Ceremony for the signing of a Memorandum of
Understanding for the establishment of a WMO Project Office in Brasilia (from left to
right): the Permanent Representative of Brazil with WMO; the Secretary-General; the
Minister of Agriculture; and the Director of the National Institute of Space Research

an the Caribbean) who were present
for the occasion, for discussions on
technical cooperation.

Finland
The Secretary-General visited Espoo,
near Helsinki, Finland, on 17 July
2006 to participate in the Conference
on Living with Climate Variability
and Change: Understanding the
Uncer tainties and Managing the
Risks, which was co-sponsored by
WMO, the Finnish Meteorological
Institute (FMI) and the International
Research Institute for Climate and
Society.
Mr Jarraud and Mr Jeffrey Sachs,
Director of the Ear th Institute at
Columbia University (USA), addressed
participants at the opening ceremony.
Approximately 260 par ticipants
attended this meeting, which brought
together international experts in
natural disasters, public health,
energy and the building environment,
water resources, agriculture and food
security, decision-related sciences,
and policy and climate. The Conference
laid down an agenda for future work in
risk management in relation to climate
variability and change.
The Secretary-General also visited
the Ministry for Foreign Affairs and
discussed possibilities of obtaining
support for development cooperation
projects for seven African countries
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Mr Jarraud also met with HE Mr Ahmed
Abdullah, Minister of Environment,
Energy and Water; HE Mr Mahmood
Shauqee, Minister of Tourism and
Civil Aviation; Mr Abdullahi Majeed,
Deputy Minister of Environment,
Energy and Water and Permanent
Representative of Maldives with
WMO, and other senior officials, for
discussions on climate and natural
disasters, in particular the followup to the 2004 tsunami and, more
generally, on strengthening the
Maldives National Meteorological
Service.

and 15 Pacific Small Island Developing
S t a te s . Finland ha s p laye d an
important role in supporting NMHS
development projects in more than
50 countries during the past 20 years.
The Secretary-General had active
communication with the authorities
in Finland to ensure future support to
such projects. The project proposals
are related to natural disaster warning
systems, adaptation to climate change
and development of improve d
agrometeorological services.

Maldives
The Secretary-General visited Male,
Maldives, from 16 to 18 August
2006 and met with the President,
HE Mr Maumoon Abdul Gayoom, who
had visited WMO Headquarters on
17 May 2005.

Male, Maldives, August 2006 — The Secretary-General with the staff of the Maldives
Department of Meteorology

Staff matters

Eric NIKIEMA:
Travel Clerk, Travel
Unit, Procurement
and Travel
Office, Resource
Management
Department, on
1 July 2006

Appointments
Juan LLOBERA
SERRA: Legal
Counsel, SecretaryGeneral’s Office, on
19 June 2006

Nanette LOMARDA:
Senior Scientific
Officer, Weather
Prediction Research
and Tropical
Meteorology
Division,
Atmospheric
Research and Environment
Programme Department, on
21 August 2006

Natasha BRUTSCH:
Programme
Manager, Group on
Earth Observations
Secretariat, on
1 July 2006

Carola TRAVERSO
SAIBANTE:
Information and
Communication
Officer,
Secretariat of the
Intergovernmental
Panel on Climate
Change, on 28 August 2006

Khadija H.
DELAVAL: Human
Resources
Assistant, Human
Resources
Division, Resource
Management
Department, on 14 June 2006

Nadia C.
OPPLIGER: Senior
Secretary, Disaster
Prevention and
Mitigation (DPM)
Division, Office
of the Deputy
Secretary-General,
on 1 July 2006

Lionel COURTIAL:
Internal Audit
Assistant, Internal
Oversight Office,
Office of the
Secretary-General,
on 14 August 2006

Transfers
Susan HANSEN-VARGAS: to the
Conferences Unit, Conferences,
Printing and Distribution
Department as Senior Clerk, on
19 June 2006

Faisal MIAH: to the Conferences
Unit, Conferences, Printing and
Distribution Department as
Technical Clerk, on 1 July 2006

Catherine MESSMER: to the
Common Services Division,
Resource Management
Department as Senior Clerk, on
1 July 2006

Gilles SOMMERIA-KLEIN: to the
Secretariat of the Global Climate
Observing System as Senior
Scientific Officer, on 1 August 2006

Departures
Promotions (post
reclassifications)
Suzanne BÉLIVEAU, Editor, English
language stream, Linguistic
Services and Publications
Department
Philippe DUPRAZ, Assistant
Printing Operator/Assembler,
and Christian GIROUD, Colour
Printing Operator, Printing
Unit, Conferences, Printing and
Distribution Department
Yvon STAUB, Stock Clerk,
and Myriam GOTTLIEB, Clerk
(Subscriptions/Sales), Publications
Sales and Distribution Unit,
Conferences, Printing and
Distribution Department

Sââd BENARAFA, Scientific Officer,
Aeronautical Meteorology Division,
retired on 30 June 2006
Herbert LANZ, Assistant Webmaster, Information Technology
Division, left WMO on 31 July 2006

Obituary
Willy TANGA died on 19 June 2006.
Willy joined the WMO Secretariat
in 1992 as a computer programmer/
analyst in the Finance Division. He
was transferred to the Information
Systems Division in 2000. Since
April 2005, he had been Head of the
IT Applications Unit.
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Anniversaries
Gilda SOLAZZO, Documents Assistant, Documents and Publications
Management Unit, Linguistic Services and Publications Department:
25 years of service on 25 June 2006.
A total of 27 staff members
received long-service certificates
(30, 25 and 20 years) on 6 June
2006. They are pictured here (each
photo reading from left to right)
with the Secretary-General.
Long-service certificates for 30 years were presented to: Jill Sauteur, Lucia Bertizzolo
and Judith Torres.

Long-service certificates for 25 years were presented to: Gilda Solazzo, Adora Landicho,
Linda Hidalgo, Antonio Belda Egea, France Langin, Marie-Thérèse Marquis, Evelyne
Masse, Diane Pedley, Marc Peeters, Margaret Burns, Abderrahmane Qarbal and Rodolfo
de Guzman.

Long-service certificates for 20 years were presented to: Alexandre Koretski, Ah Kim Lee
Choon, Nelly Conforty-Ferreux, Catherine Messmer, Véronique Dorison, Valerie Clément,
Valentin Anitchkine, Andrei Iline, Patricia McKay, Pierre Kerhervé, Léonie Calegari and
Tania Lombardo.

296 | WMO Bulletin 55 (4) - October 2006

Calendar
Date

Title

Place

16–20 October
16–27 October

Data Buoy Cooperation Panel—22nd session
Third Workshop of the International Precipitation
Working Group (co-sponsored by WMO)
Regional Training Course on the Use of Environmental
Satellite Data in Meteorological Applications for RA V
Regional Training Course on the Use of Environmental
Satellite Data in Meteorological Applications for RA II
Argos Joint Tariff Agreement—26th meeting
Fourth RA I Training Course on Tropical Cyclones and
Public Weather Services
RA III Regional Training Seminar on CLIMAT and
CLIMATE TEMP Reporting
International Workshop on Agrometeorological Risk
Management: Challenges and Opportunities
Commission for Agricultural Meteorology—14th session
Meeting of Scientific Steering Committee for Sand and
Dust Storm Project (co-sponsored by WMO)
CCl Expert Team Meeting on Climate Data Management
including Metadata
Technical Meeting to establish GAW Regional Calibration
Centre for Aerosol Optical Depth Networks
(co-sponsored by WMO)
CBS Technical Conference on the WMO Information
System
Joint Meeting of the GAW Aerosol SAG and of the
GAW SAG subgroup on Global Aerosol Optical Depth
Networks (co-sponsored by WMO)
JCOMM Services Programme Area Coordination
Group—third session
Commission for Basic Systems—extraordinary session
Worldwide Synthesis Conference of the WMO Flood
Forecasting Initiative
CAeM Technical Conference on Aeronautical
Meteorology
Sixth WMO International Workshop on Tropical Cyclones
Commission for Aeronautical Meteorology—13th session
EC Working Group on Antarctic Meteorology—
ninth session
Technical Conference on Meteorological and
Environmental Instruments and Methods of Observation
(TECO-2006)
Second THORPEX International Science Symposium
Commission for Instruments and Methods of
Observation—14th session
Seminar on Cost Recovery of Aeronautical
Meteorological Service and on Quality Management in
the Provision of Meteorological Service to Aviation

La Jolla, CA, USA
Melbourne, Australia

16–27 October
16–27 October
23–25 October
23 October–4 November
25-27 October
25–27 October
28 October–3 November
31 October—1 November
1–3 November
2–3 November

6–8 November
6–9 November

7–10 November
9–16 November
20–23 November
21–22 November
21–30 November
23 November–1 December
28–30 November
4–6 December

4–8 December
7–14 December
11–15 December

Melbourne, Australia
Nanjing, China
La Jolla, CA, USA
Saint-Denis, La Réunion
Buenos Aires, Argentina
New Delhi, India
New Delhi, India
Shanghai, China
Nairobi, Kenya
Shanghai, China

Seoul, Republic of Korea
Shanghai, China

Exeter, United Kingdom
Seoul, Republic of Korea
Geneva
Geneva
San José, Costa Rica
Geneva
St. Petersburg,
Russian Federation
Geneva

Landshut, Bavaria, Germany
Geneva
Santo Domingo,
Dominican Republic
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The World
Meteorological
Organization
WMO is a specialized agency of the
United Nations. Its purposes are:
•

•

•

•

•

•

To facilitate worldwide cooperation
in the establishment of networks
of stations for the making of meteorological observations as well as
hydrological and other geophysical
observations related to meteorology,
and to promote the establishment
and maintenance of centres charged
with the provision of meteorological
and related services;
To promote the establishment and
maintenance of systems for the
rapid exchange of meteorological
and related information;
To promote standardization of
meteorological and related observations and to ensure the uniform
publication of observations and
statistics;
To further the application of meteorology to aviation, shipping, water
problems, agriculture and other
human activities;
To promote activities in operational
hydrology and to further close cooperation between Meteorological and
Hydrological Services;
To encourage research and training
in meteorology and, as appropriate,
in related fields, and to assist in coordinating the international aspects of
such research and training.

The World Meteorological Congress
is the supreme body of the Organization.
It brings together delegates of all
Members once every four years to
determine general policies for the
fulfilment of the purposes of the
Organization.

The Executive Council
is composed of 37 directors of National
Meteorological or Hydrometeorological
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Services serving in an individual
capacity; it meets once a year to
supervise the programmes approved
by Congress.

The six regional associations
are each composed of Members whose
task it is to coordinate meteorological,
hydrological and related activities within
their respective Regions.

The eight technical commissions
are composed of experts designated by
Members and are responsible for studying meteorological and hydrological
operational systems, applications and
research.

Executive Council
President
A.I. Bedritsky (Russian Federation)
First Vice-President
A.M. Noorian (Islamic Republic of Iran)
Second Vice-President
T.W. Sutherland (British Caribbean
Territories)
Third Vice-President
M.A. Rabiolo (Argentina)

Ex officio members of the Executive
Council (presidents of regional
associations)
Africa (Region I)
M.S. Mhita (United Republic of Tanzania)
Asia (Region II)
A.M.H. Isa (Bahrain)
South America (Region III)
R.J. Viñas García (Venezuela)
North America, Central America and
the Caribbean (Region IV)
C. Fuller (Belize)
South-West Pacific (Region V)
A. Ngari (Cook Islands)
Europe (Region VI)
D.K. Keuerleber-Burk (Switzerland)

Elected members of the Executive Council
M.L. Bah
Guinea
P.-E. Bisch
France (acting)
F. Cadarso González
Spain (acting)
M. Capaldo
Italy (acting)
Q.-uz-Z. Chaudhry
Pakistan
M.D. Everell
Canada
J.J. Kelly
United States of America
T. Hiraki
Japan (acting)
M. Konaté
Mali (acting)
W. Kusch
Germany (acting)
G.B. Love
Australia (acting)
F.D. Freires Lúcio Mozambique (acting)
J. Lumsden
New Zealand
P. Manso
Costa Rica (acting)
J. Mitchell United Kingdom (acting)
A.D. Moura
Brazil (acting)
J.R. Mukabana
Kenya
D. Musoni
Rwanda (acting)
S. Nair
India (acting)
I. Obrusnik
Czech Republic (acting)
H.H. Oliva
Chile
Qin Dahe
China
J.K. Rabadi
Jordan (acting)
B.T. Sekoli
Lesotho
Yap Kok Seng
Malaysia (acting)
(two seats vacant)

Presidents of technical
commissions
Aeronautical Meteorology
N.D. Gordon
Agricultural Meteorology
R.P. Motha
Atmospheric Sciences
M. Béland
Basic Systems
A.I. Gusev
Climatology
P. Bessemoulin
Hydrology
B. Stewart
Instruments and Methods of
Observation
R.P. Canterford (acting)
Oceanography and Marine Meteorology
P. Dexter and J.-L. Fellous

Members
of the WMO

At 30 September 2006

States (181)
Afghanistan
Albania
Algeria
Angola
Antigua and Barbuda
Argentina
Armenia
Australia
Austria
Azerbaijan
Bahamas
Bahrain
Bangladesh
Barbados
Belarus
Belgium
Belize
Benin
Bhutan
Bolivia
Bosnia and Herzegovina
Botswana
Brazil
Brunei Darussalam
Bulgaria
Burkina Faso
Burundi
Cambodia
Cameroon
Canada
Cape Verde
Central African Republic
Chad
Chile
China
Colombia
Comoros
Congo
Cook Islands
Costa Rica
Côte d’Ivoire
Croatia
Cuba
Cyprus
Czech Republic
Democratic People’s
Republic of Korea
Democratic Republic of
the Congo
Denmark
Djibouti
Dominica

Dominican Republic
Ecuador
Egypt
El Salvador
Eritrea
Estonia
Ethiopia
Fiji
Finland
France
Gabon
Gambia
Georgia
Germany
Ghana
Greece
Guatemala
Guinea
Guinea-Bissau
Guyana
Haiti
Honduras
Hungary
Iceland
India
Indonesia
Iran, Islamic Republic of
Iraq
Ireland
Israel
Italy
Jamaica
Japan
Jordan
Kazakhstan
Kenya
Kiribati
Kuwait
Kyrgyzstan
Lao People’s Democratic
Republic
Latvia
Lebanon
Lesotho
Liberia
Libyan Arab Jamahiriya
Lithuania
Luxembourg
Madagascar
Malawi
Malaysia
Maldives

Mali
Malta
Mauritania
Mauritius
Mexico
Micronesia, Federated
States of
Monaco
Mongolia
Morocco
Mozambique
Myanmar
Namibia
Nepal
Netherlands
New Zealand
Nicaragua
Niger
Nigeria
Niue
Norway
Oman
Pakistan
Panama
Papua New Guinea
Paraguay
Peru
Philippines
Poland
Portugal
Qatar
Republic of Korea
Republic of Moldova
Romania
Russian Federation
Rwanda
Saint Lucia
Samoa
Sao Tome and Principe
Saudi Arabia
Senegal
Serbia
Seychelles
Sierra Leone
Singapore
Slovakia
Slovenia
Solomon Islands
Somalia
South Africa
Spain
Sri Lanka

Sudan
Suriname
Swaziland
Sweden
Switzerland
Syrian Arab Republic
Tajikistan
Thailand
The former Yugoslav
Republic of Macedonia
Togo
Tonga
Trinidad and Tobago
Tunisia
Turkey
Turkmenistan
Uganda
Ukraine
United Arab Emirates
United Kingdom of Great
Britain and Northern Ireland
United Republic of Tanzania
United States of America
Uruguay
Uzbekistan
Vanuatu
Venezuela
Viet Nam
Yemen
Zambia
Zimbabwe

Territories (6)
British Caribbean Territories
French Polynesia
Hong Kong, China
Macao, China
Netherlands Antilles
and Aruba
New Caledonia
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F +31 313 88 02 99

E info@eijkelkamp.com
I www.eijkelkamp.com

To prepare for the worst,

you need the best.
Mobilizing emergency response to severe weather is a challenge. Early warning is vital. Modern
technologies are needed to integrate sensors and provide the latest detection, tracking and prediction tools
for timely dissemination of data. Lockheed Martin’s Integrated Weather and Environmental Systems
deliver this. A leader in meteorological, hydrological and environmental systems, we offer turnkey, fully
integrated national-level systems tailored to your needs. And we’ve been doing it for over 30 years.

www.lockheedmartin.com
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