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An integrated global observing system,
supported by an integrated information
system, will be a major contribution to
realizing the socio-economic benefits
to be derived from a wide range of
products and services concerning
weather, climate and water.
Michel Jarraud
Secretary-General of WMO

Bull_57_1_cover.indd 2

2/13/08 11:53:38 AM

Bulletin
The journal of the
World Meteorological
Organization

Volume 57 (1) - January 2008
Secretary-General

M. Jarraud

Deputy Secretary-General

Hong Yan

Assistant Secretary-General

J. Lengoasa

Contents
In this issue ...........................................................................................

2

Message from the Secretary-General on the occasion of World
Meteorological Day 2008 .....................................................................

4

The World Weather Watch today by J. Hayes ........................................

8

Observational needs for climate prediction and adaptation
by K.E. Trenberth .........................................................................................

17

Space-based Earth observations for societal benefit by S. Habib,
M. Plessis-Fraissard and S.D. Ambrose .............................................................

22

Observing the climate—challenges for the 21st century by W. Wright

29

Judith C.C. Torres

Implementing the Global Ocean Observing System by M. Johnson. ....

35

Editorial board

Aircraft observations by F. Grooters .........................................................

41

Global atmospheric ozone monitoring by J. Staehelin ...........................

45

Challenges to hydrological observations by H.F. Lins ...........................

55

Fifty years ago ......................................................................................

59

Obituaries ..............................................................................................

61

News from the WMO Secretariat ........................................................

65

Calendar ................................................................................................

72

The World Meteorological Organization ............................................

73

Members of the World Meteorological Organization ........................

74

The WMO Bulletin is published quarterly
(January, April, July, October) in English,
French, Russian and Spanish editions.
Editor
Hong Yan
Associate Editor

Hong Yan (Chair)
J. Torres (Secretary)
L. Barrie (atmospheric research and
environment)
D. Hinsman (basic systems, satellites)
K. Konaré (development, regional activities)
E. Manaenkova (policy, external relations)
B. Nyenzi (climate)
H. Puempel (meteorological applications)
V. Satyan (climate research)
D. Schiessl (strategic planning, natural
disaster risk reduction)
A. Tyagi (water)
J. Wilson (education and training)
Subscription rates
Surface mail

Air mail

1 year

CHF 60

CHF 85

2 years

CHF 110

CHF 150

3 years

CHF 145

CHF 195

E-mail:

pubsales@wmo.int

Copyright © World Meteorological Organization, 2008
The right of publication in print, electronic and any other form
and in any language is reserved by WMO. Short extracts from
articles in the Bulletin may be reproduced without authorization provided that the complete source is clearly indicated.
Editorial correspondence and requests to publish, reproduce
or translate articles in part or in whole should be addressed
to the Editor.
The designations employed in the WMO Bulletin and the
presentation of material therein do not imply the expression
of any opinion whatsoever on the part of the Secretariat of
WMO concerning the legal status of any country, territory, city
or area or of its authorities, or concerning the delimitation of
its frontiers or boundaries.
Opinions expressed in articles or in advertisements appearing
in the WMO Bulletin are the author’s or advertiser’s opinions
and do not necessarily reflect those of WMO. The mention of
specific companies or products in articles or advertisements
does not imply that they are endorsed or recommended by
WMO in preference to others of a similar nature which are not
mentioned or advertised.

Bull_57_1_inside_E.indd 1

News of WMO activities and recent events may be found in WMO’s newsletter
MeteoWorld (http://www.wmo.int/pages/publications/meteoworld/_en/index_en.html),
in the NEWS section on the WMO homepage (http://www.wmo.int/pages/mediacentre/
news/index_en.html) and on the Web pages of WMO programmes via the WMO
homepage (http://www.wmo.int).

WMO Bulletin
Communication and Public Affairs
World Meteorological Organization (WMO)
7bis, avenue de la Paix
Case postale No. 2300
CH-1211 Geneva 2, Switzerland

Tel.: + 41 22 730 84 78
Fax: + 41 22 730 80 24
E-mail: jtorres@wmo.int

2/13/08 12:03:18 PM

In this issue
Title
The theme for World Meteorological
Day (23 March) in 2008, and the theme
for this issue of the WMO Bulletin, is
“Observing our planet for a better
future”. The feature articles look at
the importance of maintaining and
enhancing observations of weather,
climate and water to ensure the wellbeing of future generations from a
number of angles.
WMO is currently developing an
initiative, approved by Fif teenth
World Meteorological Congress
(2007), known as the WMO Integrated
Global Observing System (WIGOS).
WIGOS will be a major contribution to
realizing the socio-economic benefits
to be derived from a wide range of
products and services concerning
weather, climate and water. These
fall within a number of areas such
as natural disaster mitigation and
risk reduction and activities such
as agriculture, transport, energy
production and water-resource
management.
The importance of observations was
underlined in 2007 by a number of
events. The launch of International
Polar Year 2007-2008 (which was the
theme of the October 2007 Bulletin)
has already yielded a number of
significant results, notably concerning
sea-ice extent. The Intergovernmental
Panel on Climate Change published
its Fourth Assessment Report, which
states that, based on observations,
warming of the climate system is
unequivocal. The IPCC was awarded,

together with Albert A. Gore Jr, the
2007 Nobel Peace Prize “for their
efforts to build up and disseminate
greater knowledge about manmade climate change, and to lay the
foundations for the measures that are
needed to counteract such change”.
The 13th session of the Conference
of Par ties to the United Nations
Framework Convention on Climate
Change (Bali, Indonesia, December
2007), whilst welcoming the IPCC
report, noted that many vulnerable
developing countries have con
siderable difficulties in maintaining the
observational networks that provide
the data for the IPCC assessments.
The World Weather Watch of WMO
was established in the 1960s. It has
continually evolved to respond to
societal needs. Important initiatives
have been devised to improve the
capabilities of National Meteoro
logical and Hydrological Services.
The Global Earth Observing System
of Systems was designed to integrate
environmental information in a
comprehensive and sustainable
fashion and extend its utility to a
number of socio-economic appli
cations. Effective mitigation of the
impact of, and adaptation to, highimpact weather, climate and water
events, require accurate observation
and prediction on all scales, as well as
the capacity of disaster risk reduction
managers and policy-makers to
use this information. The W W W
and its integrated systems are key
contributors to such action.

The climate is changing, but not in a
uniform way across regions. One of the
pillars of climate research and future
projections are observations, which
are made for a variety of purposes and
in a variety of ways. Models need to
be improved, instruments maintained
and calibrated, satellites replaced.
Meeting the challenges for research
requires funding but the information
yielded will be more than worth the
initial investment.
Earth observations from space make
a significant contribution to our
ability to analyse regional and global
situations. The measurements and
derived information products have
great potential for serving humanity.
Because of their availability in realtime, satellite obser vations are
instruments of transparency, good
governance and effectiveness. They
are vital to protecting the planet for
future generations, mitigating climate
risks to populations and building a
safe and sustainable society.
Dealing with the global climate is
one of the great challenges of the
21st century, with climate change
being perhaps the largest single threat
to humanity and the environment.
The most severe effects are likely to
take place in developing countries,
which have the least ability to adapt.
The meteorological and climate
community will need to support major
global efforts to ameliorate these
impacts. This support will be based
on targeted, accurate observations
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which will be made widely accessible
in a timely fashion. Every effort will be
made to build the capacity of National
Meteorological and Hydrological
Services so that they may derive
optimal benefit from the information
provided.
Safety at sea has been a primary driver
for internationally coordinated marine
observations since the foundation of
WMO. Demand has been growing for
expanding marine observations for
other applications, such as, among
many others, long-range weather
forecasts, coastal area management,
offshore resource exploration and
development and disas ter risk
reduction . These applications require
global observational datasets and
prediction products for both the ocean
and the overlying atmosphere. By
working together towards a global
ocean observing system, marine
meteorologists and oceanographers
will enhance the accessibility of data
of known quality, delivered according
to agreed standards, to meet the
growing requirements.
Air traffic is expected to grow in the
developed world and in the emerging
economies of South-East Asia. With
routes and terminals operating at or

near maximum capacity, weather
phenomena such as convective
activit y, snow fall, ground icing,
low ceilings and visibility could
severely impact the flow of air traffic.
New concepts are therefore being
developed to optimize the use of
airspace and aerodromes, based on
four-dimensional trajectory methods, a
high degree of computer-to-computer
data exchange and automation. These
concepts will rely to a large extent on
highly accurate, timely and ubiquitous
meteorological data. Aircraft data
will form an essential source of those
data.
Ozone oc curr s naturally in the
stratosphere between 20 and 30 km
above the Earth’s surface—the ozone
layer. It shields the Earth from solar
radiation that is harmful to human,
plant and aquatic life and causes
the degradation of certain materials
such as some kinds of plastics. Longterm recovery of the ozone layer
from the effects of ozone-depleting
substances, which was confirmed in
the 1980s, is expected to span much
of the 21st century. It is also becoming
more and more apparent that there
are impor tant linkages bet ween
ozone depletion and climate change.
Ozone, ozone-depleting substances

and many of their substitutes are
also greenhouse gases; changes in
ozone affect the climate and changes
in climate affect ozone. It is of great
importance therefore to continue
systematic, high-quality observations
of the ozone layer in all regions of
the world.
The need for water is paramount
for life. A secure water supply for
drinking and sanitation, irrigation and
aquatic ecosystems are only a few
examples. Hydrological observations
are essential for monitoring the
quantity and quality of freshwater
resources and for forecasting and
managing f loods and drought,
agricultural sustainability and global
climate change. Indeed, they are
inseparable from the uses to which
they are put. Collaboration across
sectors and boundaries and creating
public awareness and understanding
of the limitations of the resource
must be part of the process. The
great challenge today, however, is
ensuring the adequacy, consistency
and long-term maintenance of highquality hydrological observations,
especially in the face of declining
networks.
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Observing our planet
for a better future
Title

Message by Michel Jarraud, Secretary-General of WMO,
on the occasion of World Meteorological Day 2008

Records of ancient civilizations
contain innumerable references to
weather and climate and rudimentary
but ingenious instruments were
devised by different cultures to
observe the basic meteorological
parameters, often in conjunction with
astronomy and astrology. By the mid17th century, mankind was beginning
to collect data systematically in search
of patterns and the possibility to infer
the future state of the weather; yet,
although the cross-boundary nature
of meteorological phenomena was
intuitive enough, the concept of
internationally coordinated weather
obser vations took longer to be
developed.

the Ephemeride s So c ie tatis
Meteorologicae Palatinae.

The first international meteorological
network was established in 1654 by
Ferdinand II of Tuscany. Seven of
its stations were in northern Italy,
with the other four in Warsaw, Paris,
Innsbruck and Osnabrück. In Florence,
15 observations were made every
day. The next major milestone came
in 1780, in the form of a network of
39 stations—37 in Europe and two
in Nor th America — es tablished
by the Societas Meteorologica
Palatina, the Latin name adopted
by the Meteorological Society of
Mannheim. Although this network
existed for only 12 years, it was an
important step forward, since the
weather observations were carried
out through standardized practices
and carefully calibrated instruments.
The relevant obser vations were
included in a series of yearbooks,

The firs t major example of the
impor tance of this coordinated
collaboration was soon to arrive in
the context of the first International
Polar Year (1882-1883), a joint effort of
11 countries to establish and operate
12 stations around the North Pole and
two in the Antarctic. In addition to
strictly meteorological measurements,
wider-scoped observations were also
made in relation to geomagnetism,
atmospheric electricity, oceanography,
glaciology and air sampling. Over 40
observatories in different parts of the
world participated in these scientific
efforts.

The auspicious Ephemerides were
also ephemeral, however, so it
would take over half a century for
the first International Meteorological
Conference (Brussels, 1853) and the
First International Meteorological
Congress (Vienna, 1873) to provide
the structure to re-launch the concept
of internationally coordinated weather
observations. This was indeed to
come about through the creation
of the International Meteorological
Organization, the forerunner of the
present-day World Meteorological
Organization.

On 23 March 1950, the Convention
o f t h e Wo r l d M e t e o r o l o g i c a l
Organization entered into force, a
date that is now celebrated annually
as World Meteorological Day. Shortly

af ter wards, in 1951, WMO was
designated a specialized agency of
the United Nations System. It has
become customary for the WMO
Executive Council to select a specific
theme to commemorate each World
Meteorological Day. On the occasion
of its 58th session (Geneva, June
2006), the Council decided that the
theme for World Meteorological Day
2008 would be “Observing our planet
for a better future”, in recognition
of the scientific and socio-economic
benefits derived by WMO Members,
their National Meteorological and
Hydrological Services (NMHSs) and
by the Organization as a whole, from
the expanded, wide-ranging and
authoritative observations made in
the context of WMO’s mandate in
weather, climate and water.
It is noteworthy that, shortly after
WMO took over IMO’s responsibilities,
satellites began to orbit our planet
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integrated WMO system of systems,
designed to improve the capability
of Members to effectively provide
a widening range of services and
to bet ter ser ve WMO’s research
programme requirements.

and soon became our eyes in the
sk y, to provide us with pictures
and other vital information of the
truly global nature of clouds and
significant weather. Independently,
ye t almo s t c oin c id e n t all y, the
electronic computer was reaching
a sufficient degree of development
for scientists to consider as indeed
feasible the methods first proposed by
Richardson in his 1922 book Weather
Prediction by Numerical Methods.
As a matter of fact, in the same year
of 1950 that the WMO Convention
entered into force, Charney, Fjørtoft
and von Neumann published the first
successful computer-made numerical
weather prediction.
The importance of these two major
technological achievements was
readily recognized by the scientific
community and led to the passing by
the United Nations General Assembly
of Resolution 1721/XVI on the Peaceful
Uses of Outer Space on 20 December
1961, requesting WMO to work out a
plan to harness the new opportunities.
Two major outcomes of this UN
resolution would be the launching
of the Global Atmospheric Research
Programme (GARP) and WMO’s
World Weather Watch (WWW), which
would soon become its fundamental
Pr o gr amm e f or s t an d ar dizin g,
collecting, analysing, processing and
distributing throughout the world,
weather and other environmental
information, upon the basis of which

all other WMO Programmes would be
sustained. The WWW began in 1963
with the approval of Fourth World
Meteorological Congress. One of
its three principal components was
the Global Observing System (GOS),
comprising all facilities on land, at
sea, in the air and in outer space for
the observation and measurement of
meteorological parameters.
While almost 45 years have since
elapsed, the WWW is today still just as
fundamental to WMO as it was then,
so it is constantly being updated and
upgraded by WMO and the NMHSs
of its 188 Members. For this reason,
Fif teenth World Meteorological
C on gr e s s ( G e n eva, May 2 0 07)
approved a cross-cutting approach
to the enhanced integration of all
WMO observing systems through the
establishment of a comprehensive,
coordinated and sustainable structure,
ensuring the interoperability of its
component systems, including the
development and implementation
of the WMO Information System
(WIS), as contemplated in the WMO
Strategic Plan that was also approved
by Congress.
Congress decided to refer to this
initiative as WIGOS (WMO Integrated
Global Obser ving Sys tem) and
assigned it a high priority. In addition,
Congress noted that WIGOS should
proceed in parallel with WIS planning
and implementation to allow for an

It is readily recognized that the
enhanced integration of all WMO
observing systems will considerably
c o n t r ib u te to t h e p r ov i s io n o f
weather-, climate- and water-related
services. A key consideration for this
will be Members’ respective capacities
to provide their information with
the necessary resolution, accuracy,
reliability and timeliness needed
to meet the requirements of all
users. This will demand additional
research and development in order
to supplement, as most appropriate,
the existing observing systems. More
scientific efforts will also be required to
improve data-assimilation techniques
and models for the observations to
render the maximum amount possible
of useful information.
An integrated global obser ving
system, supported by an integrated
information system, will indeed be
a major contribution to realizing the
socio-economic benefits to be derived
from a wide range of products and
services concerning weather, climate
and water, with special consideration
to the protection of life, livelihoods
and property; health and well-being;
safety on land, at sea and in the air;
economic growth; the protection of
natural resources and environmental
quality; and for natural disaster risk
reduction activities, in particular,
those associated with adaptation to
global climate change.
Moreover, WMO’s effort to better
integrate its obser ving systems
is a significant contribution to the
initiative of the international Group
on Earth Observations to develop
a Global Earth Observation System
of Systems (GEOSS) by building
upon the existing national, regional
a n d in t e r n a t i o n a l s y s t e m s , t o
further integrate their respective
competencies. WMO’s observing
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s y s te m s ar e c or e c omp onen t s
of GEOSS and, accordingly, the
effectiveness of GEOSS will depend
upon that of WIGOS.
In the context of natural disaster
risk reduction, weather, climate,
and water can have impacts on
almost every facet of life. As you
are aware, these impac ts are
increasing and they are especially
critical for developing economies.
Nine out of 10 natural disasters
are linked to hydrometeorological
hazards, which, between the years
1980 and 2000, caused the death of
1.2 million people and their aftermath
cost more than US$ 900 billion. The
provision of appropriate products
and services by NMHSs to policymakers, the media and the public has
the potential to reduce significantly
the impact of these events, since,
although natural hazards cannot be
prevented, suitable early warnings
can be used to minimize considerably
their harmful affects.
In recent decades, the number of
vulnerable communities has also
grown as a result of increased
urbanization, population shif ts
into more fragile areas, such as
coasts, lowlands, megadeltas and
floodplains, and the expansion
of communities into arid zones.
The increase in the intensity and
frequency of extreme events that is
expected in association with climate
change will further exacerbate their
vulnerability. Decision-makers and
emergency response managers will
therefore require more information
to formulate the most appropriate
contingency plans.

In concluding this annual Message, I
would like to underscore the following:
the fact that World Meteorological
Day is associated this year with the
theme “Observing our planet for a
better future” is by no means a casual
occurrence. Over the year that has
elapsed since the previous World
Meteorological Day, a number of
crucial events have occurred, all of
which have strongly emphasized the
vital and unprecedented relevance of
global observations.
Firstly, let me recall that the theme
of World Meteorological Day in 2007
was associated with the launching of
International Polar Year (IPY) 20072008, which WMO co-sponsors in
partnership with the International
Council for Science. I can easily
highlight today, at the beginning of the
second IPY year, that the importance
for WMO of having embarked in this
scientific enterprise is being justified
daily by the observational results
derived from the polar regions. For
example, at the end of the 2007 sea
ice melt season in September, the
average “sea-ice extent” was barely
4.28 million square kilometres, the
lowest value on record and 23 per cent
below the previous record set just
two years earlier. For the first time in
recorded history, the disappearance of
ice across parts of the Arctic opened
to navigation for a few weeks the

legendary Northwest Passage, which
for centuries had been the quest of
explorers and traders.
Secondly, and in a similar context, the
Intergovernmental Panel on Climate
Change (IPCC) that WMO has cosponsored since 1988 with the United
Nations Environment Programme,
recently finalized its Four th
Assessment Report. In particular,
the IPCC notes that warming of the
climate system is unequivocal, as is
now evident from observations of
increases in global average air and
ocean temperatures, widespread
melting of snow and ice and rising
global average sea-level. It also states
that most of the observed increase
in globally averaged temperatures
since the mid-20th century is very
likely due to the observed increase
in anthropogenic greenhouse-gas
concentrations. Furthermore, the
IPCC says there is high agreement
and much evidence that, with current
climate change mitigation policies
and related sustainable development
practices, global greenhouse-gas
emissions will continue to grow over
the next few decades.
Then, shortly af ter the final part
of the Fourth Assessment Report
was released in Valencia, Spain, in
November 2007, the IPCC received in
Oslo, Norway, the 2007 Nobel Peace

In addition, the provision of weather-,
climate- and water-related information
is increasingly needed to support
socio-economic activities, such
as agriculture, transport, energy
production and water resources
management, all of which have the
potential to provide considerably
augmented developmental benefits
through a moderate investment in
capacity-building.
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Prize, shared with Albert A. Gore
Jr, “for their efforts to build up and
disseminate greater knowledge about
man-made climate change, and to
lay the foundations for the measures
that are needed to counteract such
change”.
Finally, the 13 th session of the
Conference of Parties (COP-13) to the
United Nations Framework Convention
on Climate Change (UNFCCC) was held
in Bali, Indonesia, in December 2007.
The COP welcomed the IPCC Fourth
Assessment Report and expressed
its appreciation and gratitude to all
those involved in the report for their
excellent work. The COP recognized
that the Fourth Assessment Report
represents the most comprehensive
and authoritative assessment of
climate change to date, providing
an integrated scientific, technical
and socio-economic perspective on
relevant issues. It invited the IPCC to
continue to provide timely information
to Parties to the Convention on the
latest scientific, technical and socio-

economic aspects of climate change,
including mitigation and adaptation.
The COP also adopted the revised
UNFCCC reporting guidelines on
global climate change observing
systems.
During the COP-13 session, WMO
underscored the fact that many
vulnerable developing countries
already have considerable difficulties
in maintaining their observational
networks and will need increased
support in terms of capacity-building.
Furthermore, WMO stressed that
improved scientific research, climate
monitoring and prediction are all key
elements for the protection of life and
property, so that these countries should
be empowered to use early warning
systems most appropriately within
their natural disaster risk reduction
activities, thereby contributing to their
sustainable development.

reduction of loss of life and property
caused by natural disasters and
other catastrophic events related to
weather, climate and water, as well
as to safeguarding the environment
and the global climate for present and
future generations. Indeed, the new
preamble to the WMO Convention,
which was adopted by Fifteenth World
Meteorological Congress, recognizes
this role and the importance of an
integrated international system for the
observation, collection, processing
and dissemination of meteorological,
hydrological and related data and
products.
I therefore wish to congratulate all
WMO Members on the occasion of
World Meteorological Day 2008.

Once more, WMO has risen to the
challenges imposed by the need
for sustainable development, the
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The World Weather Watch today
Title
by J. Hayes*

Introduction
In January 2003, James Rasmussen
provided a brief history of WMO’s
World Weather Watch for the WMO
Bulletin . He recalled that , in April
1963, “Fourth World Meteorological
Congress approved the concept of
the World Weather Watch (WWW)
and set the World Meteorological
Organization on the journey that
dramatically changed and enhanced
the development of meteorology and
the atmospheric sciences”. The advent
of the space age was the spark that
ignited this seminal event. Following
the launches of Sputnik by the USSR
in 1957 and TIROS by the USA in
1960, US President John F. Kennedy
addressed the United Nations General
Assembly, seeking ways to exploit
the peaceful uses of outer space.
The rest is history—as recorded in
Rasmussen’s article.
Since 2002, there have been a number
of initiatives and accomplishments
having a significant impact on the
World Weather Watch. Indeed, not
since the 1960s has there been so much
emphasis and worldwide attention on
the knowledge of the environment—
highlighted in December 2007, by
the award of the Nobel Peace Prize
to the Intergovernmental Panel on
Climate Change and Albert Gore
Jr “for their efforts to build up and
disseminate greater knowledge about

man-made climate change, and to lay
the foundations for the measures
that are needed to counteract such
change”. With regard to the World
Weather Watch, there have been
three important decisions that are
moulding a future World Weather
Watch designed to ensure improved
meteorological, hydrological and
environmental services by pushing
the bounds of science and technology
to meet societal needs —and
continuing to demonstrate WMO’s
international leadership in weather,
climate and water products and
services.
First, Fourteenth World Meteoro
logical Congress (May 2003) decided
to embark on a major enhancement
of the World Weather Watch’s Global
Telecommunication System with an
initiative called the WMO Information
System (WIS). Second, in July 2003 and
at the invitation of the USA, 33 nations
and the European Commission joined
together at the first Earth Observation
Summit (EOS-I) to adopt a declaration
that called for action in strengthening
global cooperation on Earth obser
vations. Third, Fif teenth World
Meteorological Congress (May 2007)
decided to move towards enhanced
integration of WMO obser ving
systems.
The three above events are the
cornerstones of a paradigm shift for

* Permanent Representative of the USA with WMO and former Director, World Weather Watch
Programme Department, WMO (2006-2007)

WMO Members. In order to appreciate
better the changes, this article reviews
the World Weather Watch as it existed
in 2002 and summarizes subsequent
initiatives.

The World Weather
Watch in 2002 and now
The primar y purpose of the
WWW in 2002 was to ensure that
all WMO Members obtained the
meteorological information they
required, both for operational work
and for research, and this purpose
remains the driving for c e. The
WWW is a global system composed
of national facilities and services
provided by individual Members,
coordinated, and in some cases
suppor ted, by W MO and other
international organizations.
The essential elements of the WWW
in 2002 were the:
•

Global Observing System (GOS),
comprised of obser vational
networks and other facilities;

•

G l o b a l Te l e c o m mu n i c a t i o n
System (GTS), consisting of
telecommunication centres, facil
ities and arrangements for the
rapid exchange of information;

•

Global Data-processing System
(GDPS) encompassing the meteo
rological centres and operational
arrangements for processing
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Space-based system of
environmental satellites
The space -based component is
comprised of three types of satellites:
operational meteorological lowEar t h - o r b i t in g ; g e o s t a t io n ar y ;
and environmental research and
d evelop men t ( R & D ) s a telli te s .
Low-Earth-orbiting (most of them
in polar orbit) and geostationary
meteorological satellites remain
crucial for National Meteorological
and Hydrological Services (NMHSs)
for the provision of invaluable data,
products and services, including
i m a g e r y, s o u n d i n g s a n d d a t a
collection and distribution.
Current operational meteorological
satellites include geostationary and
polar-orbiting missions operated by
China, India, Japan, the USA and
EUMETSAT.

European Space Agency (ESA)
ENVISAT, ERS-2
French National Space Research
Centre (CNES)
Parasol
CNES-NASA
JASON-1 and CALIPSO
China National Space
Administration (CNSA)
HY-1B
Brazillian National Institute for
Space Studies and CNSA
CBERS-2, CBERS-2B

Surface
Two major advances have charac
terized the evolution of meteorological
observations at the Earth’s surface.
The first is the development of
au to m a t e d w e a t h e r- o b s e r v in g
technologies that have permitted
the more efficient use of personnel
and allowed for the deployment of

FY-1/3 (China)

Terra
NPP
Jason-1
Okean series

METEOR 3M (Russian Federation)
GOES-R
(USA)
75°W

Aqua
QuickScat
TRMM

SUBSATELLITE
POINT

RY
A
N

850 km
GOES-R
(USA)
135°W

BIT
OR

o r b it

The Global Observing System is
comprised of a space-based system of
environmental satellites and a surfacebase network of diverse upper-air and
surface observing systems.

US National Aeronautical and
Space Administration (NASA)
Aqua, Terr a, Aur a, T RMM,
QuikSCAT, ACRIMSAT, SORCE,
GRACE, NMP EO-1, ICESat and
Cloudsat

The current systems utilizing the
Global Positioning System, have
resulted in continued improvement
in data quality and ease of operation.
However, the high cost of equipment
and expendables has made it virtually
impossible to attain the global network
originally envisaged. Some progress
has been made through the utilization
of vertically pointing radar systems
(profilers); modern avionics systems
on commercial airliners—providing
environmental data on ascent and
descent, as well as at flight level;
and improved sounding capability
from satellites and the continued
deployment of shipboard upperair systems. The in situ upper-air
observing network will continue to
be a major challenge for the WWW.

Polar

Global Observing
System (GOS)

Upper-air

R & D orb
it

In today’s paradigm, the GOS is
evolving into the WMO Integrated
Global Observing Systems (WIGOS)
and the GTS is being built upon and
expanded into the WMO Information
System (WIS). Indeed, WIGOS is the
bond that brings together all WMO
and sponsored observing systems
into a system of observing systems.
The re-named Global Data-processing
and Forecasting System (GDPFS)
increases the emphasis on the
numerical weather prediction (NWP)
aspect of data processing as part of
the weather-forecasting process, for
all ranges in time.

Surface-based network
of observing systems

R&D satellite
missions
contributing
to the GOS

GEOSTATI
O

observational data and preparing
forecasts.

MSG

ENVISAT/ERS-2 (EUMETSAT)
METEOR 3M N1 0°Longitude
SPOT-5

METEOSAT
(EUMETSAT)
63°E

Other R & D
oceanographic,
land use,
atmospheric chemistry
and hydrological missions

NPOESS
(USA)

GMS-5/MTSAT-1R
(Japan)
140°E
35 800 km

COMSAT-1
(Republic of Korea)
120°E

FY-2/4
(China)
105°E
INSATs
(India)
83°E
GOMS
(Russian Federation)
76°E

GPM
ADEOS II
GCOM

Metop
(EUMETSAT)

Figure 1 — The space-based three constellation component of the Global Observing
System
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observing systems in more remote
locations. The second advance has
been the major improvement in
observations over the ocean.
The coop erative arrangement s
bet ween the Intergovernmental
Oceanographic Commission (IOC)
of the United Nations Educational,
Scientific and Cultural Organization
and WMO, that led to the imple
mentation of the Integrated Global
Ocean Services System, was an early
step in fulfilling the requirement for
data coverage over the ocean. The
development and deployment of
drifting and moored buoy systems
throughout the world’s oceans,
with data acquisition and location
provided by satellite-based systems,
have dramatically improved data
coverage. The network called ARGO
recently achieved operational status
with 3 000 profiling buoys.

WMO Integrated
Global Observing
Systems (WIGOS)
There is a broadly recognized need
for a comprehensive, coordinated
and sustainable global observing

system which integrates diverse
space- and surface-based observing
systems holistically in a fashion
which optimizes knowledge of current
environmental conditions and the
exploitation of this information
for predic tive weather, climate
and water products and services.
Many international agencies have
to administer systematically these
diver se arrays of sys tems and
have developed data policies and
programmes to meet their needs.
Fif teenth Congress adopted the
WMO Integrated Global Observing
System (WIGOS) concept, which is
the organizational response of WMO
to this need for integration. Strong
cooperation is therefore needed
among all partners to accomplish
the broad integration objectives.
WIGOS is a comprehensive, coordi
nated and sustainable system of
observing systems, which is based
on the observational requirements
of all WMO programmes. It ensures
the availability of required data and
information and facilitates access
through the WMO Information System
according to identified temporal,
geographical and organizational
requirements, including those for
real-, near-real-time and delayed
modes. In so doing, it respects datasharing policies and helps ensure
high data-quality standards and
benefits.

obser ving systems contributing
to the Global Climate Observing
Sy s t e m . I mp r ove d m o ni to r in g
through the integration of surfaceand space-based observations is
essential for understanding global
climate and the components of the
global climate system: atmosphere,
hydrology, ocean, land surface and
cryosphere.
WIGOS development and implemen
tation will proceed in parallel with
the planning and implementation of
the WMO Information System. The
combination of both efforts will allow
for an integrated WMO end-to-end
system of systems designed to improve
Members’ capability to effectively
provide a wide range of services and
to better serve research programme
requirements.
WIGOS will create an organizational,
programmatic, pro c edural and
governance structure that will sig
nificantly improve the availability of
observational data and products. It will
provide a single focus for managing
all WMO observing systems, as well
as a mechanism for interactions with
co-sponsored observing systems.
Integration will lead to efficiencies and
cost savings that can be reinvested to
overcome known deficiencies and gaps
in the present structure and working
arrangements.
WIGOS aims to:

Figure 2 — Canadian Argo float being
deployed in the Bering Sea on 24 October
2007 (Photo: Hiroshi Matsunaga)

The surface- and space-based com
ponents of WIGOS include weather
observing networks (e.g. WWW/GOS,
Aircraft Meteorological Data Relay,
Automated Shipboard Aerological
Programme); atmospheric compo
sition obser ving net works (e.g.
Global Atmosphere Watch); radiation
observing networks (e.g. Baseline
Surface Radiation Network); marine
meteorological networks and arrays
(e.g. Voluntary Observing Ships,
drifting and moored buoy arrays);
hydrological observing networks (e.g.
components of the World Hydrological
Cycle Observing System); and the
various atmospheric, hydrological,
o c e a n o g r a p hi c a n d t e r r e s t r i a l

•

Provide a more cost-effective
approach to meet WMO pro
gramme requirements with a view
to reducing costs for Members,
while maximizing the utility of the
information;

•

Ensure the availability of all
required information produced
by the various WMO observing
systems and components of
co-sponsored systems, with
particular emphasis on information
generated by satellite, radars, wind
profilers, airborne systems, in situ
ocean platforms, and other nextgeneration observing systems;
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•

•

•

Facilitate access, in real-/nearreal-time and delayed mode, to
observations required for WMO and
WMO co-sponsored programmes,
as well as relevant international
conventions;

– Be archived in WIGOS-approved
forms and resolutions at agreedupon WMO archival centres.
•

Facilitate improved data man
agement, including archival and
data-retrieval capabilities;

•

Facilitate
innovation;

•

Continue ongoing coordination
with instrument manufacturers
and scientific institutes in the
development and testing of
nex t-generation obser vation
instruments;

technological

•

Develop appropriate regulatory doc
umentation, including organization
and recommended practices and
procedures;

•

Link existing technologies in an
integrated manner to provide
societal benefits.

The concept of WIGOS is based
on the premise that agreed-upon
general standards and recommended
practices will apply to all WMO and
sponsored observing systems and
Programmes.

As a system of observing systems,
integration will be accomplished at
three levels:

•

•

Standardization of instruments
and methods of obser vation
(instruments and methods of
observation level);

•

Common information infra
structure (WIS data level);

•

End-product quality assurance
(quality management/quality
assurance / qualit y control at
product level).

All WIGOS obser vational
data, metadata and processed
observational products will:
– Be exchanged via WIS using
agreed-upon data and meta
data representation forms and
formats;
– Use hardware and software
compatible with WIGOS
standards and protocols;
– Adhere to agreed-upon WIGOS
standards for instruments and
methods of observation, as well
as standard observing network
practices and procedures;

I mp r ove d we a t h e r, c lima te
and water services, including
those in support of disaster pre
paredness and adaptation to
climate conditions;

•

Increased quality and consistency
and access to multi disciplinary
observations;

•

More efficient use of resources;

•

Better preparedness to
in c or p ora te new ob s er ving
systems.

WIGOS will:
– Develop strategies to satisfy
observational requirements
of WMO programmes and
international partners through
the WMO rolling requirements
review process;
– Develop strategies to ensure
system interoperability, including
data quality of observing systems
and instruments;
– Evalua te exis ting W IGOS
capabilities before developing,
acquiring, and/or deploying
new observing systems or
sensors;
– Exploit existing platforms and
employ multi-sensor platform
concepts to the maximum
possible extent;
– C oordinate ob s er vational
r e q uir e m e n t s , p l a n s a n d
activities with all appropriate
technical commissions,
regional associations and
programmes;
– Build WIGOS as a system
of observing systems using
existing observing systems/
net works into a system of
observing systems.

Ensure that required data- quality
standards are met and sustained for
all programme requirements;

•

Benefits of WIGOS to Members and
par tner organizations of WIGOS
include:

Global Telecommunication
System (GTS)
The communication needs of National
Meteorological Services for data
collection and information exchange
have been met largely through the
implementation and development
of the Global Telecommunication
System. Based on the technology
availab le in the 1970 s ( le a s e d
telegraphic and telephone lines), the
system topology was built around
connectivity to countries and consisted
of three World Meteorological Centres
(WMCs) (Moscow, Washington and
Melbourne) and a series of Regional
Telecommunication Hubs (RTHs),
which connected Members’ National
Meteorological Centres ( NMCs )
to the Main Telecommunications
Network.
A data-management framework
was developed for this network that
included catalogues of metadata for
content of messages and observation
stations’ reports, as well as distri
bution catalogues detailing where
information originated and which
Member States subscribed to what
information. The s e c a t alogue s
allowed messages containing only
dynamic data to be sent, thereby
increasing the efficiency and speed
of the system.
The GTS continues to function on
three levels:
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•

The Main Telecommunication
Network—a high-speed meshed
net work that connects three
world centres and a selection
of Regional Telecommunication
Hubs so that the Regions are
ef fec tively interconnec ted
through the global system;

•

Regional Meteorological Tele
c o m m u n i c a t i o n N e t w o r k s
connec ting National Meteo 
rological Centres via RTHs;

•

National Meteorological Tele
communication Networks within
each country.

Over the years, the plan for the GTS
has progressed from the original
“store-and-forward” system with
its mix of automatic and manned
facilities requiring ex tensive
management, which was prone to
outages and failures (especially at
the regional level), to a combination
of data-distribution systems via
telecommunication satellites with
national, regional and multi-regional
coverage, complementing meshed
data-communication networks and
traditional point-to-point circuits.
GTS implementation has to match
the whole range of WMO Members’
r e quir ement s and c apabili tie s,
from Least Developed Countries
to the most advanced States. The
great strength of the WWW GTS is
that it allows telecommunication
connec tions bet ween Members
and within and between Regions
to be determined by the Members
concerned as long as international
exchange commitments and
protocols, as internationally agreed
upon and set down in the WMO
Technical Regulations, are met.
The GTS has been continually under
review within WMO’s Commission
for Basic Systems (CBS) and the
six WMO regional associations
and planning for upgrading the
global and regional components
of the system to take advantage
of the revolutionar y changes in

information and communications
technology (ICT) —whilst ensuring
that ever y Member receives the
meteorological information it
requires—is a high priority.
Extensive international collabora
tion allowed the development of
message standards and codes which
further improved GTS functionality
and efficiency. In particular, special
coding known as traditional
alphanumeric codes (TAC ) were
developed to allow observations
and messages to be passed around
the network efficiently. Originally
telegraphic ally based, the GTS
quickly evolved, using a series of
data links over private telephonetype international links to connect
the RTHs. The GTS was fur ther
enhanced by the inclusion of fac
simile graphics technology for the
sharing of scanned and image based products. Migration to the
ITU-X25 communications protocol
in the 1980s then allowed the GTS to
handle binary data, as well as TAC
and facsimile, while ensuring errorfree transmissions. The exchange of
binary information, as well as text,
enabled codes to be developed,
utilizing binary compression based
on tables, which allowed even more
information to be exchanged for a
given capacity.

NMC

NMC

The rapid migration of the GTS to
international industr y standards
and technology, together with offthe-shelf hardware and sof tware
systems, has been a great
capacity-building opportunity for
developing countries, enabling
rapid implementation of advanced
information and communication
systems for many. This, in turn,
allowed the use of different versatile
networking technologies, including,
w h e n n e c e s s a r y, t h e I n t e r n e t
b ein g u s e d to s up p l e m e n t the

NMC

NMC

NMC

Regional
networks

NMC

Regional
networks

Main
telecommunication
network
RTH

Satellite
two-way system

NMC

RTH

RTH
RTH

NMC

NMC

Managed
data-communication
network

RTH

NMC

The communication pipes connecting
the RTHs and NMCs also evolved
with rapidly advancing technology,
including, in more recent years,
frame relay, asynchronous transfer
mode, multi-protocol label switching
and other advanced managed datacommunication net works. Aside
from being considerably more costeffective to run in most countries,
these net works facilitated rapid
improvements and upgrades of
the GTS. The fast development of
the Internet and related ICT was a
huge opportunity, enabling even
more sophisticated and commercial
of f-the -shelf message -handling
capabilities at lesser costs that
fostered a strong and fast migration
to Internet-type protocols on the
GTS.

NMC

NMC

RTH

RTH

NMC

Satellite
dissemination

NMC
NMC

Figure 3 — The Global Telecommunication System
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GTS private links. In some cases,
especially developing countries
and Least Developed Countries,
the Internet is the only affordable
telecommunication means, despite
its inherent operational security
risks and limited resilience in case
of major events with public impact,
including natural disasters. The
GTS is fundamentally a private
communication system connecting
WMO’s National Meteorological
and Hydrological Ser vices on a
wide area network, as depicted in
Figure 3, ensuring the exchange of
time- and operation-critical data
and products. The status of GTS
implementation in Asia in August
2007 can be found at http://www.
wmo.int /pages /prog /w w w / TEM /
GTSstatus/R2rmtni.gif.
The asset of a closed wide-area
net work such as the GTS is that
it remains under full control of
NMHSs, with a guaranteed quality
of service ensuring high-priority
traffic. The drawback is that, despite
its rapid improvements, its capacity
to handle data volumes is limited
by the cost of connectivity between
centres. In contrast, the Internet can
generally handle large volumes and,
since the early 1990s, driven by the
growing data volumes associated
with improving numerical weather
pr e di c tion mo d els and r apidl y
increasing data volumes associated
with remote - sensing from new
improved satellite systems, some
NMHSs established bilateral links
for exchanging data and, in more
recent years, via the Internet.
WMO programmes other than the
World Weather Watch were also
developing information exchange
with diver se data-management
approaches outside the GTS datamanagement framework and NMHS
information-management systems
had to cope with multiple sources
of data, while the GTS catalogues
n o l o n g e r r e p r e s e n t e d a ll t h e
informa tion that was available
to WMO Members. Eventually, it
was recognized that these diverse

information and communication
developments were generating
inefficiencies and /or duplication,
as well as a deteriorating overall
cost-effectiveness.

•

Base the core communication
network on communication links
used within the World Weather
Watch for high-priority, real-time
operation-critical data;

WMO Information
System

•

Utilize international industry
standards for protocols, hardware
and software.

It was in this environment that the
WMO Information System initiative
was developed (CBS, 1992). WIS incor
porates the connectivity of the GTS, the
flexibility of new systems, such as the
Internet, while ensuring that the datamanagement framework is capable of
encompassing all WMO information.
This new model simply moves the
focus from connectivity through the
GTS and Internet to data, products and
their management (i.e. the perspective
shifts from communications-centric to
data-centric).

The fundamental design of WIS was
originally developed by an InterCommission Task Team and several
key pilot projects were initiated to test
and develop some of the principles.
Following recognition of the need to
implement WIS and in view of the
overarching nature of WIS across
all programmes, Congress set up an
Inter-Commission Coordination Group
on WIS which met for the first time in
January 2005. Technical commissions
were instructed to provide resources
and support for WIS development.

Fourteenth World Meteorological
Congress formally adopted the concept
of WIS, stating that an overarching
approach for solving the datamanagement problems for all WMO
and related international programmes
was required.

Fifteenth Congress agreed that WIS
would provide three fundamental
types of services to meet different
requirements:
•

Routine collection and dissem
ination service for time- and
op er a tion - c ri ti c al da t a and
products, based on the continued
consolidation and fur ther
improvements of the GTS
(including the Integrated Global
Data Dissemination Service);

•

A data discovery, access and
retrieval service, that would be
implemented essentially through
the Internet;

•

Timely delivery service for data
and products (large volumes, but
less time-critical).

As the single, coordinated global
infrastructure, WIS will:
•

•

•

•

Be used for the collection and
sharing of information for all
WMO and related international
programmes;
Provide a flexible and extensible
structure that will allow the
participating centres to enhance
their capabilities as their national
and international responsibilities
grow;
Build upon the most successful
components of existing WMO
inf or ma tion s y s te m s in an
evolutionary process;
Pay special at tention during
development to a smooth and
coordinated transition;

Fifteenth Congress reinforced the
need for WIS and for accelerated
implementation and emphasized
a requirement for WIS to work
closely with, and facilitate the
communications and informationmanagement needs of, a WMO
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Figure 4 — Functional structure and user community of the WMO Information System

Integrated Global Observing System.
Congress supported the time frame for
the development and implementation
of WIS implementation, aiming at the
first operational global WIS centre by
the end of 2008.

Global Data Processing and
Forecasting System (GDPFS)
The original W W W Plan focused
on the e s t ab lis hmen t of thr e e
World Meteorological Centres and
anticipated that a number of Regional
Meteorological Centres would even
tually emerge. The operational concept
was that the WMCs would undertake
the task of assembling data (infor
mation such as output fields from
global numerical weather prediction
models) and their interpretation for
use by the various RMCs. These,
in turn, would add a level of more
detail in order to support the National
Meteorological Centres in their
service-provision responsibilities. The
structure of the GDPFS has evolved
and some 25 Regional Specialized
Meteorological Centres (RSMCs) have
geographical specialization. These
centres run a suite of models and
analyses particularly designed and
tuned to provide forecasting guidance
for a particular topographical or ocean

their own models, many other NMCs
benefit from numerical prediction
outputs.

area, often using data sources and
knowledge of a local or regional
nature, e.g. surface networks and
weather radars.
In addition, six RSMCs have tropical
cyclone forecasting responsibility
and eight have responsibilities for
atmospheric transport modelling
f o r e nv ir o n m e n t a l e m e r g e n c y
response (nuclear accident, volcanic
eruption, smoke from large fires or
other emergencies). These centres
have recently implemented a new
operational capability to conduct
“back-tracking” simulations for
estimating the source of airborne
material that has been detected, such
as for the Comprehensive NuclearTest Ban Treaty’s verification system.
In addition, several designated RSMCs
provide medium-range weather
for e c a s t s, drought moni toring
and prediction and extended- and
long-range forecasts, as well as
ultraviolet-index forecasts.
Approximately 80 National Meteoro
logical Centres have implemented
some level of numerical prediction
capability, ranging from full global
models to limited-area models to
higher-resolution mesoscale models,
some in collaborative consortia of
several NMCs. While not running

A high-priority GDPFS focus area since
2002 has been to improve the delivery
and exploitation of numerical weather
prediction data for severe weather
forecasting in developing countries.
The Severe Weather Forecasting
Demonstration Project (SWFDP) was
initiated in 2006 with its first project
in south-eastern Africa as a yearlong pilot to demonstrate the value
of delivering and exploiting existing
NWP products in five countries
(Botswana, Madagascar, Mozambique,
United Republic of Tanzania and
Zimbabwe). It included training for
forecasters in how to use the products
to improve severe weather forecasts
and warnings for heavy precipitation
and strong winds.
Anchored at the RSMC in Pretoria,
South Africa, and suppor ted by
NWP centres in the USA, the United
Kingdom and the European Centre for
Medium-Range Weather Forecasts,
this pilot project demonstrated great
success by delivering a number
of tailored NWP-based weatherforecasting products around the
clock, including a daily synthesized
forecasting guidance product (RSMC
Pretoria) to assist forecasters at the
NMHSs in the five par ticipating
countries.
All countries reported significant
improvements to their weather fore
casting and warning programmes.
The NMHSs are also benefiting from
many applications of NWP for a wide
range of meteorological services. In
2007, it was decided to continue these
products operationally and indefinitely
and to broaden their availability to
all 14 Members of the South African
Development Community. In addition,
in coordination with WMO’s Public
Weather Services and Disaster Risk
Reduction Programmes, the initiative
is being further developed to improve
operational services and exchange
and linkages between participating
NMHSs and their home countr y
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public weather ser vices user s,
including emergency management
authorities. Looking to the future,
the SWFDP will be considered for
additional implementation through
out WMO Region I and in other WMO
Regions.
There are a number of other GDPFS
initiatives, including the infusion of
probabilistic and ensemble-based
science into operational use, improved
fine-scale modelling at RSMCs and
national centres, expanded use of
ever-improving NWP products in
many meteorological applications and
improved international collaboration
on long-range forecasting, to improve
NMHS products and services and
provision of training. The GDPFS has
seen a steady collective evolution
through continuous improvements
in s cientif ic and te chnologic al
developments, the establishment of
standards for product exchange and
the provision of training and capacitybuilding measures for NMHSs of
developing countries.
In recent years, numerical weatherprediction technologies have attained
significant skill and usefulness for
many meteorological applications
over a wide range of space- and
time-scales, increased lead-times
for anticipating significant meteoro
logical events and factors, as well
as for new approaches to solving
weather and environmental prediction
problems. Nonetheless, reviewing the
concepts behind WIGOS and WIS, it
would seem that the GDPFS is the
remaining infrastructure component
of the World Weather Watch that
has not yet experienced planned re-

engineering and new integration of all
aspects of operational meteorological
data processing for weather and
environmental predic tions and
applications. WMO’s -Strategic Plan
for 2008-2011 places great emphasis
on service delivery and formally
recognizes both WIGOS and WIS.
It is conceivable that next World
Meteorological Congress could agree
to establishing a WMO Forecast
System to further underpin service
delivery within a trilogy. What might
it look like?

c an c apture not only the mos t
likely forecast scenario in weather,
climate and water conditions but
also the uncer taint y associated
with any forecast. While most NWP
centres that run global models are
also running ensemble systems, a
number of these, as well as other
NMCs, are collaborating and have
implemented ensembles based on an
“ensembling” of outputs from several
independently run NWP systems for
predictions from the short to the long
range.

A WMO Forecast System?

A second and related theme is the
recognition of the need for useroriented products and services. This
goes beyond standard basic forecast
information and may include tailored
products and services that are driven
by the needs of, and are directly
relevant to, health, energy, ecology
and other applications. Considering
the first theme, such products and
services must also take the form of
probabilistic guidance for maximum
impact.

WMO established the WWW GDPFS
a s a gl o b al n e t wo r k o f Wo r l d
Meteorological Centres, Regional
Specialized Meteorological Centres
and National Meteorological Centres
to meet the weather-, climate- and
wa ter-fore c as ting ne e d s of i t s
Members. This system successfully
processes observations through data
assimilation and produces forecast
information on global, regional and
local scales in the form of generalized
and specialized products needed by
NMHSs to develop routine weather,
climate and water products and
forecas ts and warnings for the
protection of life and property during
high-impact weather, climate and
water events. Although the original
WWW GDPFS paradigm has served the
hydrometeorological user community
well over the past decades, new
scientific and technological trends
offer significant opportunities for
ac celerated improvements and
broadened benefits in the coming
years.
One emerging theme is the recog
nition of the need for probabilistic
information regarding the future
state of weather, climate and water
systems. Each forecast inherently
contains uncer taint y and, for
optimal decision-making, users must
consider this uncertainty. Scientific
developments point in the direction
of ensemble forecasting as the best
practical approach to probabilistic
forecasting. Ensemble forecasting

A third theme is the emergence of
new technological features, such
as the modern worldwide tele 
communication system, including
the Internet and the World Wide
Web, allowing instant and distributed
access to products and services; the
open software development envi
ronment, greatly expanding the
scope for international collaboration
within and between the operational
and research communities; and the
ever-increasing power of computers,
greatly expanding NWP and related
processing capabilities. The WMO
Information System and the WMO
Integrated Global Observing System
build on all these developments.
Researchers in the WMO Commission
for Atmospheric Sciences / World
Weather Research Programme /
Observing System Research and
Predictability Experiment (THORPEX)
programme are actively engaged in
expanding the scientific basis for the
first two themes above. Regarding the
first theme, an important component
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of forecast uncertainty is the use of
imperfect numerical models over and
above imperfect knowledge of the
initial state of the atmosphere-land
surface-ocean system. Research and
developmental studies using data
from the THORPEX Interactive Grand
Global Ensemble (TIGGE) project
and the North American Ensemble
Forecast System for weather timescales, as well as data from the
European DEMETER projec t for
the seasonal time-scale point to
the value of combining ensemble
forecas ts generated by various
numerical prediction centres across
the globe.
Regarding the second theme, it
is envisaged that user needs may
influence not only the end product
but also feedback all the way to
the choice of observations taken,
models and other processing tools
used, depending on how specific
high-impact weather, climate and
water events may affect user groups,
leading to a GDPFS that is adaptively
configured, from the obser ving
system to the user services and
support level.
Building on the scientific and tech
nological trends discussed above, a
draft plan is being prepared by the
THORPEX programme for the creation
of a Global Interactive Forecast System
(GIFS). Numerical ensemble forecasts
relevant for particular applications
will be collected from participating
centres. The ensemble data will be
statistically enhanced to eliminate
systematic errors and render them
more useful for practical applications
(e.g. creation of probabilistic products

and downscaling). The ensemble
forecast data can then be subjected to
additional, user-specific processing to
support real-time access to specialized
products and services for the WMO
user community, especially in the
least developed regions.
The GIFS takes advantage of current
ensemble, NWP and other operational
practices at existing WMCs and
RSMCs, while the new functionalities
can be carried out either at already
existing and/or newly established
WMCs and/or RSMCs. At the core
of GIFS is multi-centre ensemble
forecasting that offers a solution for
generating an improved and seamless
suite of products from the smallest
and shortest time- and space-scales
all the way to climate variability. At
a later, more advanced stage, GIFS
will also include capabilities to feed
back user requirements adaptively
to the Global Ear th Ob ser ving
System of Systems and the entire
forecast process. As the scientific and
technological advances merge, they
will revolutionalize GDPFS, leading
to a more powerful paradigm charac
terized by interactivity, adaptiveness
and user responsiveness never seen
hitherto.

Concluding remarks
As can be seen from this brief review,
the World Weather Watch is alive
and well. From the original concepts
summarized in Rasmussen’s 2003
ar ticle to the present, impor tant
initiatives have been designed to
improve the capabilities of NMHSs
a n d t h e r e a r e ex c i t i n g p l a n s ,
programmes and possibilities for

the future. I would be remiss not to
highlight one of the most exciting
strategic initiatives to emerge since
the World Weather Watch—the Global
Earth Observing System of Systems
(GEOSS).
Mentioned briefly above, GEOSS is
designed to integrate environmental
information in a comprehensive and
sustainable fashion and extend its
utility to a number of additional
socio-economic applications. The
vulnerability of modern humanity,
economies and the environment to
high-impact weather, climate and
water events was amply demonstrated
by the 2004 Indian Ocean tsunami,
droughts and disastrous flooding on
every continent and severe weather
including extreme heat and cold.
Effective mitigation of the impacts of,
and adaptation to, such events require
accurate observation and prediction
on global, regional and local scales,
combined with enhanced capacity
of disaster risk reduction managers
and policy-makers to exploit this
information. GEOSS provides a
framework essential to suppor t
such action—and the WWW of the
21st century is a key contributor to
this revolutionary new framework.
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Observational needs for climate
prediction and adaptation
by Kevin E. Trenberth*

Introduction
The climate is changing. In general,
temperatures are increasing (Figure 1),
owing to human-induced changes in
the composition of the atmosphere,
notably increased carbon dioxide
from the burning of fossil fuels (IPCC,
2007). Land is mostly warming faster
than the ocean. A close examination
of Figure 1, however, shows that the
temperatures actually declined from
1901 to 2005 in the south-eastern USA
and the North Atlantic. Why is this? In
the North Atlantic, changes in ocean
currents clearly contribute. Over the
south-eastern USA, changes in the
atmospheric circulation that brought
cloudier and much wetter conditions
played a major role (Trenberth et
al., 2007). This non-uniformity of
change highlights the challenges
of regional climate change that has
considerable spatial structure and
temporal variability.
A foundation of climate research
and future projections comes from
the observations. These come from
many and varied sources. Many
are taken for weather forecasting
purposes. Changes are common in
instrumentation and siting, thereby
disrupting the climate record, for
which continuity and homogeneity
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are vitally important for assessing
climate variations and change.
Increasing volumes of observations
come from space-based platforms,
but satellites have a finite life time
(typically five years or so), the orbit
drif ts and decays over time, the
instruments degrade and, hence, the
apparent climate record can become
corrupted by spurious changes. An
ongoing challenge is to create climate
data records from the observations
to serve many purposes.
Loss of Earth-observing satellites
is also of concern, as documented
in the recent National Research
Council decadal sur vey ( 20 07).
Ground-based observations are not
Annual
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5

being adequately kept up in many
countries. Calibration of climate
records is critical. Small changes
over a long time are characteristic
of climate change but they occur
in the midst of large variations
associated with weather and natural
climate variations, such as El Niño.
Yet the climate is changing and it
is imperative to track the changes
and c aus e s a s they o c c ur and
identify what the prospects are for
the future—to the extent that they
are predictable. We need to build a
system based on these observations
to inform decision-makers about
what is happening and why and what
the predictions are for the future on
several time horizons.
Trend 1901 to 2005
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Figure 1 — Linear trend of annual temperatures for 1901 to 2005 (°C century–1). Areas in
grey have insufficient data to produce reliable trends. Trends significant at the 5% level
are indicated by white + marks. (From Trenberth et al., Climate Change 2007: The Physical
Science Basis, Intergovernmental Panel on Climate Change)
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In this article, an outline is given of
a subset of activities related to the
needs of decision-makers for climate
information for adaptation purposes.
It builds on some discussions held
at a workshop on learning from
the Fourth Assessment of the Inter
governmental Panel on Climate
Change (IPCC) (Sydney, Australia,
4-6 October 2007). The Workshop
was sponsored by the Global Climate
Observing System, the World Climate
Research Programme (WCRP) and the
International Geosphere-Biosphere
Programme of the International
Council for Science. Within WCRP,
the WCRP Obser vations and
Assimilation Panel (WOAP), which the
author chairs, attempts to highlight
outstanding issues and ways forward
in addressing them.

Building an information
base for adaptation
A detailed diagnosis of the vital signs
of planet Earth has revealed that the
planet is running a “fever” and the
prognosis is that it is liable to become
much worse. “Warming of the climate
system is unequivocal” and it is “very
likely” due to human activities. This is
the verdict of the Fourth Assessment
Report of the IPCC, known as AR4
(IPCC, 2007). Although mitigation
of human climate change is vitally
important, the evidence suggests
that climate will continue to change
substantially as a result of human
ac tivities over the nex t several
decades, so that adaptation will be
essential.
An imperative and essential first
step is to build a climate information
system (Trenberth et al., 2002; 2006)
that informs decision-makers about
what is happening and why, and what
the immediate prospects are (see
Figure 2). Overall what is required
are the observations (that satisfy
the climate-observing principles);
a performance tracking system; the
ingest, archival and stewardship
of data; access to data, including

Stakeholders
users, decision-makers
Assessments

Basic
research

Products
Information
Operational
Prediction
applied
Attribution
research

Climate
services

Modelling
Assimilation
Observations, data and analyses

Figure 2 — A schematic of the flow of the climate information system, as basic research
feeds into applied and operational research and the development of climate services.
The system is built on the climate observing system that includes the analysis and
assimilation of data using models to produce analyses and fields for initializing models;
the use of models for attribution and prediction and with all the information assessed
and assembled into products and information that are disseminated to users. The users
in turn provide feedback on their needs and how to improve information.

data management and integration;
analysis and re -analysis of the
obser vations and derivation of
products, especially including climate
data records (National Research
Council, 2005); assessment of what
has happened and why (attribution),
including likely impacts on humans
and ecosystems; prediction of nearterm climate change over several
decades; and responsiveness to
decision-makers and users.
This first means gathering the infor
mation on changes in climate and the
external forcings and attributing, to
the extent possible, why the changes
have occurred. Any attribution activity
is fundamentally about the science of
climate predictability, including the
predictability of climate variability
(e.g. El Niño-Southern Oscillation
( E N S O ) , s e a s o n a l v a r i a b i l i t y,
etc.), as well as long-term climate
change. Indeed, understanding and
attributing what has just happened
would seem to be a prerequisite to
making the next climate prediction.
The central goal is to understand
the causes of obser ved climate
variability and change, including

the uncertainties, and to be able to:
(a) use this understanding to improve
model realism and forecast skill; and
(b) communicate this understanding
to users of climate knowledge and
the public in general.
Attribution may take two stages. For
instance, one stage entails running
atmospheric models to determine
the extent to which recent conditions
could have been predicted, given the
observed sea-surface temperatures
(SSTs), soil moisture, sea ice and
other anomalous influences on the
atmosphere. The second step is to
say why the SSTs and soil moisture,
etc., are the way they are. As models
have become better, climate events
that could not be attributed in the
past now can be.
Models are still far from perfect and
are likely to underestimate what can
actually be attributed. Individual
researchers may be ahead of
consensus. Accordingly, both steps
should take account of shortcomings
of models, and empirical (statistical,
etc.) evidence can often be more
compelling. A requirement is to have
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significantly expanded computer
resources for ensemble simulations
and simulations that have sufficient
resolution for regional-scale climate
attribution (e.g. droughts, hurricanes,
floods). A research question is how
to do this efficiently.
The development of this climate
information system potentially takes
on, in a more operational framework,
a key part of what is currently done by
the IPCC. The research questions are
many on how to develop the system
and what the system includes in ways
that make it viable. The related followon activities are then to improve and
initialize climate models and make
ensemble predictions for the next
30 years or so, as given below.

Initialization and
validation of decadal
forecasts
Running atmospheric models with
specified SSTs has often produced
und er s t anding of pa s t c lima te
anomalies. For instance, the Sahel
drought (Giannini et al., 2003) and
the “Dust Bowl” period of drought
in the USA in the 1930s (Schubert
et al., 2004; Seager et al., 2005) can
be simulated in this way. Hurrell et
al. (2004) find that some aspects of
the North Atlantic Oscillation can be
simulated with prescribed SSTs. It is
essential to have the patterns of SSTs
around the globe simulated much as
observed, and it is clearly not possible
to make such predictions without
initialization of oceans and other
aspects of the climate system.
The extent to which this leads to
predictability is not yet clear but the
underlying hypothesis is that there
is significant predictability that can
be exploited for improved adaptation
and planning by decision-makers.
Early tests of this approach (Smith
et al., 2007) show the promise and
benefit of initializing models, but
the benefit thus far stems mainly
from ENSO.

In a 30-year time frame, climate pre
dictions are not sensitive to emissions
scenarios and this aspect can hence be
largely removed from consideration.
Yet, forecasts in this time frame would
be exceedingly valuable. Climate
(change) predictions are therefore
needed to provide information on
a time-scale of 0-30 years but with
estimates of uncertainty (ensembles)
and estimates of sensitivity to errors
in initial conditions. This also leads
to improved models through regular
testing against data, as noted below.
The WCRP has initiated research in
this area under the banner “seamless
climate prediction” that calls for
prediction on multiple time-scales,
ranging from numerical weather
p r e d i c t i o n t o ex t e n d e d r a n g e
over weeks ( see THe Obser ving
system Research and Predictability
EXperiment (THORPEX) http://www.
wmo.int/pages/prog/arep/thorpex/),
interannual variability including
ENSO, to multi-decadal predictions,
all as initial value problems requiring
specification of the initial observed
state.
For weather prediction, detailed
analyses of the atmosphere are
required but uncertainties in the initial
state grow rapidly over several days.
For climate predictions, the initial
state of the atmosphere is less critical;
states separated by a day or so can be
substituted. However, the initial states
of other climate-system components,
some of which may not be critical
to day-to-day weather prediction,
become vital. For predictions of a
season to a year or so, SSTs, seaice extent and upper-ocean heat
content, soil moisture, snow cover
and state of sur face vegetation
over land are all important. Such
initial value predictions are already
operational for forecasting El Niño
and extensions to the global oceans
are underway. On longer time-scales,
increased information throughout the
ocean is essential. The mass, extent,
thickness and state of sea ice and
snow cover are vital at high latitudes.
The states of soil moisture and surface
vegetation are especially important

in understanding and predicting
warm season precipitation and
temperature anomalies, along with
other aspects of the land surface. Any
information on systematic changes
to the atmosphere (especially its
composition and influences from
volcanic eruptions), as well as external
forcings, such as from changes in the
Sun, is also needed. Uncertainties in
the initial state and the lack of detailed
predictability of the atmosphere and
other aspects of climate mandate
that ensembles of predictions must
be made and statistical forecasts
given.
The ac tivit y feeds direc tly into
providing regional predic tions,
including downscaling, and should
result in probability distributions
for fields of interest. The results
would have direc t applications
regionally where impacts are most
felt and where planned adaptation
can occur.
Predictabilit y should arise from
certain phenomena that evolve slowly
or which have large thermal inertia,
such as ocean current systems,
including the meridional overturning
circulation of the ocean, ice-sheets,
sea-level and land properties. Some
predictability can be determined from
model experiments, but only to the
extent that models themselves are
adequate. Coping with systematic
errors is a particular challenge in
assimilating real observations. Having
available high-quality comprehensive
datasets both to initialize the models
and test them in hindcast mode is
vitally important and is linked to
re-analysis of the climate system
components, perhaps in coupled
mode. Such data are also essential
for improving models. Compromises
have to be made over high resolution
and fidelity versus multiple runs and
perturbation ensembles, as well as
multi-model ensembles. Metrics for
evaluation is a developing field but
attention must be devoted to modes
of variability, such as ENSO, and how
to cope with missing phenomena
such as tropical cyclones.
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Confronting models
with observations
It is desirable to confront models with
a variety of observational evidence in
order to interpret observed historical
changes in the climate system and
to have confidence in projections of
future change. The AR4 demonstrates
that we now have a relatively good
understanding of the causes of sur
face temperature changes observed
over the 20th century on both global
and continental scales. We are able
to quantif y the contributions to
obser ved change from the main
external influences (including human
influences) on the climate over the
past century. However, our capability
of interpreting change in most other
impacts-relevant variables (such
as circulation change, precipitation
change and changes in extremes
of various t ypes) remains more
limited.
It is necessary to perform specific,
designed experiments to isolate and
correct the causes of long-standing
model biases resulting, for example,
from persistent difficulties in the repre
sentation of convective processes
resulting in the poor representation
of the diurnal cycle of precipitation,
coupled air-sea modes of interaction
and the distribution of marine stratus.
Fo cus e d ex p eriment a tion wi th
climate models is needed to isolate
the causes of specific and persistent
model biases at the process level. For
instance, the Cloud Feedback Model
Intercomparison Project (CFMIP)
(http://cfmip.metoffice.com/index.
html) focuses on cloud feedbacks.
The Transpose Atmospheric Model
Intercomparison Project employs
climate models in weather forecast
mode to examine biases in models
that develop rapidly in forecasts of
up to five days.
There is a pressing need to develop
and apply a set of communit yaccepted model metrics that could
be used to weigh the many different
models contributing to the large

ensembles. The metrics could be
based on the ability to simulate the
mean annual cycle; observed climate
variability on scales from hours
(diurnal) to decadal; the features of
the longer-term historical evolution
of the climate system as estimated
from paleo records of, for example,
the last millennium, the Last Glacial
Maximum, or other times when
o b s e r va t i o n a l c o n s t r a i n t s a r e
adequate; and the ability to produce
short-term weather predictions as an
initial value problem and short-term
evolution of the climate system over
the satellite period as an initial value
and boundary forced problem.

Reprocessing and
re-analyses
W hile we have generally s e en
continuing improvement in the
Earth-observing satellite network,
with significant enhancements in the
measurements made by operational
satellites, problems have arisen over
establishing and maintaining climate
observations from space that are
highlighted by the de-scoping of the
National Polar-orbiting Operational
Environmental Satellite System, in
which climate observations have been
seriously compromised. Longer-term
prospects for Earth observations are
also not as good as they have been
(National Research Council, 2007).
The continuing problems in
establishing and maintaining global
measurements of essential climate
variables highlight the need for formal
international coordination of these
measurements across agencies
and missions, in liaison with user
groups from the climate community.
Coordination is especially important
in the design phase of missions (so
that consistency and continuity can be
maintained) and in the calibration and
validation processes (so that spatially
and temporally consistent data can be
collected). Both these aspects have
been identified by the Committee on
Earth Observation Satellites through

the virtual constellation concept
and the Global Space-based InterCalibration System.
Much more work is needed to take
advantage of observations already
made. A key part of the overall strategy
in creating climate data records is the
need to have a vibrant programme of
re-processing of past data (GCOS,
2005) and re-analysis of all the data
into global fields. The AR4 IPCC
report demonstrates shortcomings
in many climate records, especially
those from space. Related research
has also demonstrated, however,
the potential for improvements in
the records as progress is made on
algorithm development and solutions
are found to problems. These include
discontinuities in the record across
different instruments and satellites,
drifts in orbit effects and all issues
related to the creation of true climate
data records.
The WCRP Obser vations and
Assimilation Panel has posted a set
of guidelines (http://wcrp.ipsl.jussieu.
fr/ReprocessingPrinciples.pdf) on
when and whether it is appropriate to
carry out re-processing. Coordination
among the major space agencies is
highly desirable to agree on algorithms
and calibration procedures. The fields
would include temperature, water
vapour, clouds, radiation, sea-surface
temperatures, sea ice and snow cover
and, especially, tropical storms and
hurricanes. The research community
can do this; but it requires substantial
resources and coordination among
international space agencies, in
particular.
Global atmospheric analyses are
produced in real-time operationally.
As the assimilating model used to
analyse the observations is improved,
the analyses may change in character.
Re-analysis is the name given to the
re-processing of all these and other
observations with a state-of-the-art
system that is held constant in time,
thereby improving the continuity
of the resulting climate record. The
challenge of dealing with the changing
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observing system is still before us. The
result is a more coherent description
of the changing atmosphere, ocean,
land surface and other climate com
ponents that can be utilized by the
many customers for climate products,
including those that can not be
directly observed. Re-analysis thus
contributes to the capacity-building
objectives of programmes such as
the Global Earth Observing System
of Systems and should be considered
an essential component of a climate
observing system. WOAP promotes
re-analysis (http://wcrp.ipsl.jussieu.
fr/SF_WOAPReanalysisClimate.html)
and the Third International Re-analysis
Conference is being held in Tokyo,
Japan in January 2008.

Concluding remarks
Building a climate information
system (see Figure 2) potentially
integrates research and output from
WCRP, the International GeosphereBiosphere Programme, Diversitas
(an international programme of
biodiversity science (ESSP/ IGBP/
IHDP/WCRP)), the International Human
Dimensions Programme on Global
Env ir o n m e n t a l C h a n g e ( ES S P /
DIVERSITAS/ IGBP/ WCRP) and the
Global Climate Observing System.
Basic research feeds into applied
and operational research that, in
turn, develops climate products and
services.
Many aspects require research on
assembling observations, analysis
and assimilation, attribution studies,
establishing relationships among
physical and environmental impact
variables, running models and coping
with model biases, predic tions
and projections, downscaling and
regionalizing results and developing
information systems and ways of
interacting with users. Meeting the
challenges in the above research
re quire s ade quate funding but
potentially pays off with a valuable
information system.
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Space-based Earth observations
for
societal
benefit
Title
by Shahid Habib1, Maryvonne Plessis-Fraissard2 and Stephen D. Ambrose3

Introduction
The International Conference on
Secure and Sustainable Living :
So c i a l a nd Ec onomi c B e ne f i t s
of Weather, Climate and Water
Services, organized by WMO, took
place in Madrid, Spain, from 19 to
22 March 2007. The Conference was
held under the gracious patronage of
HM Queen Sofía and hosted by the
Environment Ministry and National
Institute of Meteorology of Spain.
Many stakeholders par ticipated,
including representatives of National
Meteorological and Hydrological
Services, international and national
agencies, non-governmental
organizations, the private sector,
policy-makers and researchers.
The purpose of the Conference was to
contribute to secure and sustainable
living for all peoples of the world
by evaluating, demonstrating and
ultimately enhancing the social
and economic benefits of weather,
climate and water services. It sought
to assemble authoritative feedback
from users and one of the outcomes
which emerged is referred to as
the Madrid Action Plan. The Plan
is aimed at enhancing the value to
society of weather, climate and water
information and services. Fifteen

specific actions were identified and
are available at: http://www.wmo.int/
pages/themes/weather/documents/
Madrid_Statement_ActionPlan.doc.
See also WMO Bulletin 56 (1) and (3).
The expectation is that a successful
implementation of the Plan will
go a long way in formulating and
implementing an effective response to
the critical challenges posed by rapid
urbanization, economic globalization,
environmental degradation, natural
hazards and the threats from climate
change.
The Conference called for closer
dialogue, partnerships and multidisciplinary understanding between
providers and users of weather,
climate and water services as they
are essential for improved decisionmaking and delivery of social and
economic benefits. The US National
Aeronautics and Space Admini
stration (NASA) and the World Bank
were participants in the Conference
and consider it necessary to discuss
some aspects of their strategies for
enabling the practical use of space
observations of weather, climate
and water resources for societal
benefit.
This ar ticle therefore highlights
relevant areas of both NASA’s Earth

1	NASA Goddard Space Flight Center, Science Exploration Directorate, Greenbelt, Md,
USA
2	Independent consultant, Vice Chair of the International Activities Committee of the US
Research Transport Board; formerly Director, Sustainable Development Network, World
Bank, Washington, DC, USA
3 NASA Headquarters, Science Mission Directorate, Washington, DC, USA

science remote-sensing programme
and related World Bank’s activities.
It focuses on possible predictive
capabilit y in the areas of water
management, agriculture, natural
hazards and vulnerability and solid
Earth processes to further efforts
of the national and international
community in solving critical societal
problems.

NASA’s objectives
NASA is using the vantage point of
space to improve knowledge of the
Sun-Earth system through global
Earth observations. NASA satellite
and airborne observations provide
measurements that are used in science
research to understand the behaviour
of our planet as an integrated system
and develop capabilities to predict
the changes caused by natural and
anthropogenic factors. Similarly,
the Applied Sciences Programme
includes specific areas beneficial to
sustainable and societal needs such
as: air quality, disaster management,
public health, agriculture, water
availability, coastal zone management
and ecosystems.
NASA has partnerships with fed
eral agencies and with regional
and /or national and international
organizations having operational
responsibilities and mandates to
address areas of impor tance to
society and develop mitigation and
improvement strategies and scenarios.
Disasters af fect society in many
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ways and to ensure their effective
management, the monitoring of risks
in real-time, effective preparedness
and management of emergencies, it is
essential that different stakeholders
foster partnerships. In this respect,
N A S A’s p a r t n e r s i n t h e U S A
include the National Oceanic and
Atmospheric Administration (NOAA),
the Environmental Protection Agency,
the Department of Homeland Security,
the Federal Aviation Administration,
the US Department of Agriculture, the
Center for Disease Control and the
US Geological Survey. Additionally,
NASA collaborates with international
organizations and other entities in
activities that have the potential
to extend science benefits to the
international community.

NASA’s contribution
The Applied Sciences Programme
of NASA is cross-cutting and links
to other national application areas
such as aviation, invasive species,
energy management, ecological
f o r e c a s t in g , p ub li c h e al t h, air
qualit y and water management.
The programme responds to the
priorit y requirements of the US
adminis tration, including those
of the White House Commit tee
on Environment and Natural
Resources / Subcommit tee on
Disaster Reduction, the US Group
on Earth Observations, and interagency programmes on climate
change science and technology. Its
Disaster Management Programme
collaborates with international
entities such as WMO, the United
Nations Educ ational, Scientif ic
and Cultural Organization and the
Committee on Earth Observation
Satellites, as well as with some
national partners.
N A S A s p a c e mi s s io n s in c lu d e
research- qualit y instruments to
s tud y the Ear th’s a tmo s p her i c
chemistry, biospheric processes,
o c e a n o g r a p hi c p r o c e s s e s a n d
productivit y and solid Ear th
variations (see box above). The
Shuttle Radar Topography Mission

NASA missions
Some current missions

Some future missions (planned for
launch over the next seven years)

• Terra (climate and
ecosystem variability)
• Aqua (Earth’s water cycle)
• Aura (atmospheric chemistry)
• GRACE (Gravity Recovery and
Climate Experiment)
• QuickScat (Quick scatterometer)
(ocean surface winds derived
from the SeaWinds
scatterometer)
• ICESAT (ice, cloud and land
elevation satellite)
• Jason (ocean surface
topography)
• ACRIMSAT (Active Cavity
Radiometer Irradiance
Monitor) (total solar irradiance
monitoring)
• SORCE (Solar Radiation and
Climate Experiment)
• TRMM (Tropical Rainfall
Measuring Mission)

• National Polar-orbiting
Operational Environmental
Satellite System (NPOESS)
Preparatory Project (NPP)
(climate trends and global
biological productivity)
• Aquarius (global sea surface
salinity)
• Glory (aerosols and total solar
irradiance)
• Landsat Data Continuity Mission
(global coverage of the Earth’s
land surface)
• Global Precipitation Mission
• Orbiting Carbon Observatory
(OCO) (observations of
atmospheric carbon dioxide)

flew on the Space Shuttle in 2000.
Interferometric Synthetic Aperture
Radar data from that mission enabled
the production of elevation maps of
the planet’s surface with a vertical
accuracy better than 10 m.
Most of these missions are developed
and implemented with national and
international par tners. Planned
missions will provide information on
soil moisture, atmospheric aerosol,
precipitation and cloud structure and
carbon dioxide. The observations
and science data products from
these missions are applied in further
assessing issues pertaining to floods
(Figure 1), landslides, land cover and
land use, transboundary pollution
and air quality (Figure 2), waterresource issues and fires (Figure 3).
Electromagnetic precursor signals
provide information related to
earthquakes, hurricane physics and
track prediction, crop health and

drought prediction and vector-borne
diseases such as malaria and Rift
Valley Fever.
The project plans associated with the
Disaster Management Programme
designate specific sensors and
models and state specific partnership
activities to extend NASA science
measurements, environmental data
records and geophysical parameters
(accessible at http://aiwg.gsfc.nasa.
gov). Additionally, the programme is
working with NOAA on its Advanced
Weather Interac tive Processing
System, the US Forest Service Remote
Sensing and Applications Center and
the National Interagency Fire Center
on wildfire support. The main activity
is to understand the requirements of
operational agencies and conduct
applied research in transitioning
N A SA Ear th ob s e r va tion s an d
products into decision tools and
processes.
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Project on follow-up
to the World Summit
on Sustainable
Development (WSSD)
The WSSD follow-up programme of
the Committee on Earth Observation
Satellites Module 3 was the driving
force for the work NASA is doing today
related to sustainable development
and disaster management in Africa.
NASA par ticipated in Module 3,
which eventually came to an end, but
continues with disaster- management
ac tivities in suppor t of African
decision-makers.
The project today seeks to identify
current NASA efforts which support
WSSD goals and to define the decisionsupport tools that currently exist for
meeting sustainable development
needs within Africa, especially as
they relate to disaster management,
conflict and other application areas.
The project subsequently expects to
identify the NASA research products
having a high potential to contribute
to meeting the requirements of these
decision-support tools, benchmark
the utilities of these products, iden
tify gaps in the capabilities of the
decision-support tools to meet the
needs of the intended beneficiaries
and support transition to operations
of the NASA capabilities as agreed
upon with NASA’s partners. Table I
summarizes the current entries in the
WSSD Website (http://aiwg.gsfc.nasa.
gov/) which NASA intends to continue
populating.

The World Bank’s
role as an enabler of
Earth observations
The World Bank is a user of spatially
referenced information and space
observations generated by satellite
operators, either directly for its
analytical work or through its loans and
grants. Although Earth observations

Figure 2 — African
dust over the
Mediterranean Sea,
19 August 2004

When addressing development
issues, space observations are used in
combination with other information.
Combining Earth observations of
ecological, climate and weather data,
for example, with socio-economic and
poverty data from household surveys,
provides powerful input to improve

NASA/GSFC

NASA

Figure 1 — Flooding of the Indus River basin in 2006

are not used in a standardized
manner by the World Bank, they are
used more and more frequently at all
stages of analytical and operational
work. Geographical information has
received more attention in recent years
as the development agenda seeks to
integrate the demands of a rapidly
urbanizing world with the challenges
of sustainable development, climate
change adaptation and vulnerability
to natural disasters. Targeting social
support to the poorest households,
monitoring ecosystems and human
activities and planning and managing
water resources are a few of the
many examples of the use of Earth
observations for development with
critical social impact.

24 | WMO Bulletin 57 (1) - January 2008
Bull_57_1_inside_E.indd 24

2/13/08 12:04:20 PM

Glossary
AMSR
Advanced Microwave Scanning Radiometer
AMSU
Advanced Microwave Sounding Unit
ASTER	Advanced Spaceborne Thermal Emission
and Reflection Radiometer
AVHRR	Advanced Very High Resolution
Radiometer
CADRE	Crop Condition Data Retrieval and
Evaluation (USDA/FAS)
CARPE	Central African Regional Programme for
the Environment (USAID)
Centre national d’études spatiales (France)
CNES
DST(s)
Decision support tool(s)
ETM
Enhanced Thematic Mapper
FAS
Foreign Agriculture Service (USDA)
FEWS
Famine Early Warning Systems (USAID)
GIS
Geographical Information System
GSFC
Goddard Space Flight Center (NASA)
MEWS
Malaria Early Warning Systems (USAID)

the effectiveness of poverty reduc
tion interventions. It is becoming
increasingly routine to use remotesensing as a tool for socio-economic
surveys. Through this approach,
spatially referenced information can
be mapped and integrated with that
collected through ground survey. This
approach also helps to raise the level
of confidentiality on the outcome of
such a survey exercise.
Space obser vations are critical
for linking global knowledge
with regional, national, local and
communit y information. This is
particularly important for climate
and meteorological information in
poorer and smaller countries, which
can benefit from information that
they could not generate separately.
This is the case, for example, of small
African States facing high climate
variability with insufficient waterstorage infrastructure and incipient
water-management systems. In
Kenya, appropriate information about
rainfall projections has been found
to multiply the agricultural output of
rural communities. While access to
global and space data has improved
tremendously, the capacity to integrate
local data into global systems emerges
now as a challenge.

MODIS	Moderate resolution Imaging
Spectroradiometer
NASA	National Aeronautics and Space
Administration
NPOESS 	National Polar-orbiting Operational
Environmental Satellite systems (USA)
NPOESS Preparatory Project
NPP
PECAD	Production Estimates and Crop
Assessment Division (USDA/FAS)
SPOT	Satellite pour l’observation de la Terre
(Earth observing satellite) (France)
Shuttle Radar Topography Mission
SRTM
TRMM
Tropical Rainfall Measuring Mission
USAID
US Agency for International Development
USDA
US Department of Agriculture
USGS
US Geological Survey
VIIRS
Visible/Infrared Imager/Radiometer Suite

Ear th obser vations are used in
particular where activities and land
use need to be monitored. This is
the case of the World-Bank-financed
Nam Theun 2 dam in Lao People’s
Democratic Republic. The Government
has set aside a large watershed
area around the future reservoir as
a conservation area, within which
no logging is allowed. Monitoring
of the compliance is carried out
by combining analyses of satellite
data with helicopter fly-overs and
ground data collection using global
positioning satellites. All information
is integrated in a comprehensive
Geographical Information System.
The comprehensive and real-time
monitoring and the transparency of
the data sources have made it possible
for the Government to enforce the
logging ban rigorously.
During the last 20 years, the World
Bank alone has provided more than
US $26 billion for 550 reconstruction
and mitigation projects in its client
countries. Increasingly, the disaster
recovery projects of the Bank and other
multilateral and bilateral agencies
either include disaster mitigation
elements or are followed by specific
projects for disaster mitigation in
high-risk countries. Yet, the challenge

remains daunting: disaster-related
risks in developing countries continue
to increase rapidly due to unplanned
urbanization, environmental degra
dation, intensification of activities on
fragile lands and the corresponding
increasing vulnerabilit y of the
population. The International System
for Disaster Reduction (ISDR) is the
umbrella under which UN institutions
and international par tners share
lessons and build coordination and
consistency of policies and practices
for disaster reduction. In 2006, the
Global Facility for Disaster Risk Reduc
tion was launched by the World Bank
under the UN/ISDR framework, to
bring together public and private
sector partners for mainstreaming
risk management and preparedness
into the poverty reduction strategies
of nations. It is expected that, during
2008, about half of the most vulnerable
countries in the world will have started
to manage disaster risk reduction as a
national development priority.
While a high rate of urbanization
exposes more and more people to
risks associated with natural hazards,
a large portion of the population in
rural areas remains highly vulnerable,
owing to a lack of institutional
capacity, communication, transport
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Table 1 — NASA projects which have resulted in use of NASA products

Applications
area

Agricultural
efficiency

Carbon
management

Disaster
management

Project title

Project resources

PECAD/CADRE -Integrating MODIS and VIIRS
NPP observations into the USDA FAS Decision
System

Development of a new rapid response version of the MODIS
Vegetation Index data, multi-sensor integration with AVHRR and
SPOT and new products, including a Vegetation Moisture Stress
Index. The data are being evaluated for use in decision-support
tools and system employed by the USDA Foreign Agricultural
Service to generate production and yield estimates of major, global
agricultural commodities

Agricultural Information System and MultiSatellite Precipitation Analysis for PECAD/
CADRE

Integration of TRMM rainfall data, and MODIS 250-m at 10-day
timesteps for the USDA Crop Explorer, a global exploration and
analysis tool.

Near-real-time Lake and Reservoir Monitoring
System for FAS PECAD

NASA/CNES TOPEX/POSEIDON (T/P) and Jason-1 satellite
missions for use by PECAD/CADRE decision-support tools.

Forest biomass and land-use change in
central Africa: reducing regional carbon cycle
uncertainty

MODIS, ASTER and Landsat ETM+ data will be incorporated into a
land use land cover change map for the central Congo basin.

Integrating Earth Science Enterprise Results into
Protected Area Decision Support for the African
Albertine Region - Protected Areas Watch in the
Albertine

Landsat 5 and 7 data to provide detailed analyses of the state of
tropical ecosystems, the extent and rates of change for effective
decision-support systems and conservation policies in the tropical
forest basin

Livestock Early Warning System (LEWS)

Use of ASTER, SRTM and TRMM data to characterize and monitor
water supply and flood hazards along pastoral migration corridors
for protection of pastoral livelihoods and food security

Flood/landslide modelling

Use of TRMM, SRTM, AMSR-E, and MODIS for input into a global
landslide model and flood forecasting system.

Meteosat Second Generation and MODIS fire data to protect power
Advanced Fire Information System (South Africa) distribution, creating a system to generate automated alarms when
active fires are detected in predefined areas in South Africa
Fire Information for Resource Management
Information System

Integration of MODIS fire data in a WebGIS with interactive maps
and e-mail and text message alerts for cell phones, warning of fires
in or around protected areas, will be implemented globally through
the United Nations.

Congo Basin forest monitoring using satellites
for CARPE 2

Use of AMSU-A, Landsat 5 and 7, Terra MODIS to enhance decision
support, educational and management products of the Central
African Forests Commission.

Solar and Wind Energy Resource Assessment—
renewable energy resource assistance for the
United Nations Environment Programme

SRTM, TRMM, and USGS research on drought and flood monitoring
to produce stream flow estimates for small hydroelectric projects
in Kenya, Ethiopia and Ghana

MEWS/FEWS NET - USAID famine and malaria
early warning

AURA, MODIS, TRMM 3B42 rainfall data into early warning
systems that detect food insecurity and malaria outbreaks in semiarid zones. FEWS NET is a USAID project that integrates remotesensing an economic information to provide information on food
security crises.

Water and ecosystem resources in regional
development

TRMM precipitation and microwave radar for monitoring
fluctuations of hydrological and ecosystem variables and likely
trends concerning key characteristics of the Okavango River Basin
in southern Africa for land-use planning decision support. (Angola,
Botswana, Namibia)

Ecological
forecasting

Energy
management

Public health

Water
management

Air quality

Aerosol Robotic Network (AERONET)

AERONET provides a long-term, continuous and readily accessible
public domain database of aerosol optical, microphysical and
radiative properties for aerosol research and characterization,
validation of satellite retrievals, and synergism with other
databases.
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Location of end user

NASA funding
source

USDA Foreign Agricultural Service and
users of its crop explorer service

Southern Africa, East Africa,
global

2004 decisions,
Cooperative
Agreement Notices

USDA Foreign Agricultural Service and
users of its crop explorer service

Southern Africa, East Africa,
global

Direct funding from
Applied Sciences
Programme

Charon Birkett
University of Maryland

USDA/FAS

Southern Africa, East Africa,
global

NNS06AA15G SAI:
050125-7198
01-5-26221

Nadine Laporte
Woods Hole Research
Institute

Institut Congolais pour la Conservation
de la Nature, Forest Services of Congo,
Cameroon, Gabon, Central African
Republic

Congo, Democratic Republic of
Congo, Cameroon, Gabon, Central
African Republic

NNG05GD14G

Nadine Laporte
Woods Hole Research
Institute

Parks and tourism departments of Congo,
Democratic Republic of Congo, Uganda
United Republic of Tanzania

Congo, Democratic Republic of
Congo, Uganda, United Republic of 05-2-0000-0147
Tanzania

Gabriel Senay
US Geological Survey,
Sioux Falls

Kenyan National Agricultural Research
Systems

Ethiopia and Kenya

NNA06CH75I
2006 ROSES

Robert Adler,
NASA GSFC

Global

Available on the Web

Direct funding from
Applied Sciences
Programme

Diane Davies
University of Maryland

Department of Water Affairs & Forestry

Pretoria, South Africa

Direct funding from
NASA Applied
Sciences Programme

Diane Davies
University of Maryland

Tanzania National Parks, SAFNet,
Botswana MET, Uganda Wildlife
Authority, etc.

Botswana, Madagascar,
Mozambique, Namibia, Senegal
South Africa, United Republic of
Tanzania

NNS06AA04A
2004 decisions,
Cooperative
Agreement Notices

Chris Justice
University of Maryland

Central Africa Forests Commission
(COMIFAC) ERAIFT, Congo Basin Forest
Partnership

Central Africa

NNGO6GC41G
Direct funding from
Applied
Sciences Programme

Eugene A. Fosnight
USGS,
Sioux Falls

Consumers, developers, investors and
policy makers in the energy sector

United Nations Environment
Programme; available on the Web

NNA06CH74I
2006 ROSES

Molly Brown
NASA GSFC/
James Verdin
USGS Sioux Falls

African Meteorological Services,
USAID and United Nations World Food
Programme

African countries participating in
FEWS NET (25)

2004 decisions,
Cooperative
Agreement Notices

Dominic Kniveton
University of Sussex

Permanent Okavango River Basin Water
Commission

Angola, Botswana, Namibia

No support from
NASA

Kenya

Direct funding
from Research &
Analysis, Cooperative
Agreement Notices/
Request for Proposals

Principal investigator

Chris Justice
University of Maryland

Steve Kemplar
NASA GSFC

Brent Holben
NASA GSFC

Name of end user

Kenya Wildlife Service
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NASA

c onditions for regional and / or
mesoscale models used to analyse
and/or predict local conditions. Poor
local air quality may not necessarily
be due to indigenous conditions,
hence it is vitally important that we
are able to use Earth observations to
help us understand transboundary
pollution and its sources. Global
precipitation rates are helping us to
identify locations more vulnerable
to landslides across the world and
to develop flood potential maps. All
these measurements and the science
have great potential for ser ving
humanity.

Figure 3 — Southern California fires, 20 October 2007
and health services. Global warming,
c oup l e d w i t h e nv ir o nm e n t all y
unsustainable development practices,
is exacerbating the vulnerability of
communities and infrastructure with
greater exposure to more intense and
frequent extreme events.
Poverty and disaster vulnerability
are intrinsically linked. There is a
need to develop a more credible
economic rationale for investments
in risk-reduction development plans,
par ticularly pover t y-alleviation
programmes. Mainstreaming risk
analysis in country diagnostics and devel
oping country-level high-resolution
multi-hazard risk assessment, become
priorities. Country risk assessments,
including development of hazard and
vulnerability maps and other economic
diagnostics, identify the underlying
causes of vulnerability. Vulnerability
reduction is achieved through bringing
to bear, in a participatory way, the
risk analysis with appropriate social
and economic development policies.
When accountabilities become clear
and citizens can drive the demand,
specific case-studies on modelling
catastrophic risks into macro-economic

estimates and poverty outcomes are
undertaken at country level to inform
policy decisions and allocation of
resources.
An example of this work can be found
with the assessment of farming
activities in Ethiopia. Rainfall data
are being provided by NOA A’s
Climate Prediction Center and the
Famine Early Warning Sys temNetwork, funded by the US Agency
for International Development.
The programme monitors weather
phenomena and helps determine the
shape of the rainfall field, while gauge
observations determine the intensity
and satellite observations are used to
fill data gaps.

Summary

It is also impor tant to note that
Ear th obser vation and mapping
are important instruments of trans
parency, good governance and
effectiveness, because they are mostly
accessible in real-time. Moreover,
mapping allows even people who
do not have the technical knowhow, to understand project design
and decision-making and to relate
to impact monitoring and evaluation.
Through appropriate dissemination,
accountabilities become clear and
citizens can drive the demand for
evidence-based policies and become
empowered in the process.
Funding organizations, such as the
World Bank, the US Agency for Inter
national Development and others, are
beginning to help in implementing
this technology for user communities
throughout the world. The space
revolution has started to impact
society in positive and substantial
ways but it still has far to go. Our
goal is to protect the planet for future
generations and mitigate climatic risks
to populations around the globe. This
is one small facet in the effort to build
a secure and sustainable society.

Earth observations from space make
a significant contribution to our ability
to analyse regional situations. Many
applications ex tract geo-located
informa tion f rom global Ear th
observations to bring focus onto
issues of regional importance. In
fact, global observations provide
accurate, near-real-time boundary
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Observing the climate—
challenges for the 21st century
by William Wright*

Introduction
One of the great challenges facing
humankind in the 21st century is
how to deal with the global climate,
today and in the future. Seasonal
swings in climate, with their droughts,
floods and storms, are responsible
for major natural disasters that, at
their worst, wreak death, famine,
loss of livelihood, epidemics and
displacement of populations, as
well as vast losses of personal and
State-owned belongings. On top of
that, the vast consensus of reputable
scientific opinion, as represented in
the Fourth Assessment Report of the
Intergovernmental Panel on Climate
Change, states that the climate is
changing and will change significantly
further. In general, these changes
will be for the worse, with the most
severe effects likely in developing and
Least Developed Countries—precisely
those countries with the least ability
to adapt.
The good news is that scientific pro
gress has equipped mankind with
tools that can possibly reduce adverse
impacts by enabling some capacity to
predict in advance what will happen
so that, potentially at least, some
kind of preventive action can be
taken. Thus, an increased likelihood
of drought can, in theory, lead to a

range of timely mitigation activities:
more careful management of water
(e.g. increasing storage through
tanks); agricultural responses, such
as planting more drought-resistant
s tr ain s of c r op s ; gove r nme n tlevel recognition that financial or
other support may be required for
affected communities. In terms of
climate change, the development of
increasingly powerful models and
downscaling techniques can not only
predict future climate patterns from
known levels of atmospheric forcing,
but should soon be able to estimate
the likely impact on local rainfall
and vegetation—provided there is
sufficient data to train and verify the
models. In short, mankind’s ability
to manage the climate of the future
should be well served by the lessons
contained in the climate record of
the past.
The operative phrase here is “the
climate record of the past”. In order
to develop ef fec tive adaptation
strategies for the future, a reliable
record of the climate of the present
and past is absolutely indispensable.
This is usually more challenging
than simply collecting and recycling
the observations taken to support
operational weather forecasting,
because climate has special
needs that forecasting does not.
In par ticular, climate scientis ts

* N
 ational Climate Centre, Bureau of Meteorology, Melbourne, Australia; Team Leader, WMO
Commission for Climatology Expert Team on Observing Requirements and Standards for
Climate

a n d s e r v i c e p r ov i d e r s r e quir e
observational records that are long
and free from significant gaps, major
errors and inhomogeneities. These
conditions are not necessarily met
by networks designed primarily for
weather forecasting. It is one of the
duties of today’s climate scientists,
through advocacy and advice, to
ensure that observational network
designers recognize the special
needs of the climate programme.
Other challenges connected with
the ef fective use of data are the
development of capacity to analyse
and interpret what the climate
record is saying and the merging
of historical observations with future
climate projections.

A wish-list for the
climate record
While it is difficult to generalize about
what constitutes a sufficiently long
record, one might suggest that at
least 30 years of record is required at
sufficient stations to represent all the
major climate zones and vulnerable
regions within a country. Because
of the need to ensure that climate
extremes are properly captured,
these data would be required on at
least daily time-scales. Moreover,
the data must be homogeneous and
accompanied by good supporting
information (metadata). A rainfall
time-series with a discontinuity of
15 per cent will make it harder to
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identify and attribute climate-changerelated trends in rainfall of similar
magnitude. The task would be almost
impossible if metadata recording the
time and cause of the discontinuity
were unavailable.
The time-series also needs to be free
of significant gaps in the record, as
these can play havoc with statistical
relationships, in particular. Finally, the
wider the range of variables recorded,
the better the ability to monitor the
climate. For many purposes, it is use
ful to know not only the average and
extreme rainfall and temperatures
for an area, but also the frequency
of thunderstorms, hailstorms and
frosts.
Since climate variability and change
are global phenomena, this record
must, as far as possible, be global in
extent. While good records in some
countries are valuable for those
countries, the ability to understand
and predict the global climate as a
whole is weakened if there are few
or no observations in neighbouring
countries. It is highly likely that our
ability to predict the global climate
under conditions of future global
warming would be weakened by a lack
of surface and upper-air observations
over the Pacific Ocean region, very
much the “flywheel” of the current
climate system, and the home of
the El Niño-Southern Oscillation
phenomenon.
Unfortunately, at the very time that
high-quality networks for climate
monitoring and prediction purposes
are mos t needed — and there is
increasing recognition of this fact—
economic factors are working in the
opposite direction.

Impacts of automatic
weather stations
It is a fac t of life in nearly all
countries, that budgets for National
Meteorological and Hydrological
Services (NMHSs) are becoming

increasingly constrained. In this envi
ronment, the tendency is increasingly
to replace relatively resource-intensive
manual observational networks with
automated instrumentation and
remote-sensing approaches. While
such networks are cost effective
and have considerable benefits for
the weather-forecasting community,
they potentially pose a number of
problems for the climate community
and the overall integrity of the climate
record.
This trend towards automating
some (all, in some countries) of the
observational network has been
apparent over the last 10-15 years.
It has been estimated that, in late
2006, some 23 per cent of all Regional
Basic Synoptic Network stations were
automatic weather stations (AWSs),
with the number increasing rapidly. To
be sure, AWSs have some attractive
features for climate science: apart
from cost-effectiveness, they provide
higher-frequency data (down to oneminute observations in some cases);
better ability to detect extremes
(due to the higher-frequency data);
they can be deployed in remote
or climatically hostile locations;
provide generally faster access to
data; and ensure consistency and
objectiveness in measurement. They
can also provide a useful function
for some kinds of quality control: for
instance, when a manual observer
goes on holiday, it may be possible
to use daily recordings from a nearby
AWS to break down a cumulative
rainfall total into its constituent daily
amounts.
On the other hand, experience in
several countries has shown that
AWSs can have an adverse effect on
the climate record. Observed impacts
have included:
•

Data losses, communication fail
ures and inadequate back-up of
data, leading to significant gaps
in data continuity;

•

Inhomogeneities have been
introduced into time-series, due

par tly to inadequate change
management (e.g. insufficient
period of overlap of conventional
observations with those from
AWSs) and sometimes due to poor
maintenance. A recent study in
Romania indicated a tendency for
AWSs to overestimate minimum
temperatures and underestimate
maximum temperatures; while,
in Australia, a change in wind
sensor gave rise to discontinuities
in peak wind-speeds, attracting
the ire of the national standards
authority;
•

Maintenance procedures sometimes generate spurious data
spikes;

•

Doubts in some cases arise con
cerning accuracy and precision,
especially of rainfall. Again, this
can lead to homogeneity issues,
as well as adversely influencing
decisions on which significant
amounts of money depend;

•

Because of the complex elec
tronics in AWSs, maintenance
requires more specialized skills
than may be readily available in
some countries;

•

Unless specifically equipped with
special sensors, AWS deploy
ment usually results in a loss
of visual observations (such as
phenomena), making it difficult
to cons truc t some kinds of
climatologies or monitor trends
in, say, hail-days or cloudiness.

Many of the impacts outlined above
can be substantially reduced if the
introduction of AWSs is accompanied
by sound implementation and changemanagement processes and regular
maintenance. Moreover, fur ther
mitigation of the problems identified
can be expec ted as technology
continues to improve: for instance,
visual sensors can record some
kinds of phenomena; enhanced data
loggers can minimize data losses.
The catch is that sound management
and technological enhancements
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generally mean increased costs. The
challenge for climate programmes
everywhere will be to ensure, firstly,
that the value of the climate record
is recognized; and, secondly, that
networks are designed in such a way
that the strengths and weaknesses
o f c o n v e n t i o n a l v e r s u s AW S
measurements are complementary.
The WMO Commission for
Climatology (CCl) has a leadership
role to play in this regard. A current
activit y of the CCl Exper t Team
on Observing Requirements and
Standards for Climate is to identify
a list of requirements for AWS data
for climate purposes. These include
not only sensor precision standards
but also requirements for data backup, extra sensors, station distribution,
maintenance, etc.
Remote-sensing approaches are
attractive for their ability to provide
much greater densities of observations
than is possible with conventional
networks. They have particular value
over oceans or sparsely populated
areas. The drawbacks are that it
is difficult to monitor, or interpret
accurately, some variables. Also,
there needs to be at least a certain
number of surface stations to “ground
truth” the information inferred from
satellites, radar, etc.
The challenge for the future will be to
integrate remote-sensing approaches
with conventional and AWS groundbased networks in such a way that
the overall climate record is not compromised. This will require not only a
careful change-management strategy
as observational systems evolve, but
almost certainly the establishment
of an optimal blend of observation
systems. The latter stands as a significant research exercise.

Observational data
management and
stewardship
H av in g in p la c e ob s er va tional
networks that can take and record

Participants from central Africa in the WMO Workshop on Climate Data Management,
Homogenization and Climate Change Indices: an end-to-end four-week capacity-building
event in the use of modern IT and CLIMSOFT software to better manage climate data and
use ClimDex software to compute climate extreme indices (Brazzaville, Congo, MarchApril 2007)

regular climate obser vations is
a necessar y, but not suf ficient,
condition for ensuring the climate
record can adequately suppor t
climate monitoring and ser vice
provision. T he da t a mus t als o
be properly qualit y- controlled,
archived and easily accessible. If
the climate record exists largely or
only in hardcopy manuscript form,
it is difficult to use it to construct
climatologies, develop statistical
prediction schemes or utilize it in
climate models. Unfortunately, the
question of effective management
of obser vational data remains a
major problem in many, particularly
developing, countries.
The following outlines the datamanagement requirements to ensure
that the information contained in the
observations is available for optimal
use. To these must be added the
imperative that countries remain
willing to share their data, so that the
rest of the world has access to it.

Data rescue and digitization
Many countries have large amounts of
data locked up in largely inaccessible
paper formats, such as logbooks
or record-sheets. Worse, in such
formats, they are at heightened risk

of permanent loss or damage from
fire, flood, rot, thef t or insect or
vermin attack. For this reason, WMO
in recent years has been concerned
with data rescue and digitization
ef for ts, especially in developing
countries. It has been aided in such
efforts by opportune funding from
government agencies in cer tain
countries. Activities typically involve
securing vulnerable records against
immediate loss or damage, digitizing/
imaging them and/or relocating them
to safer locations (including overseas)
and—importantly—providing NMHS
s taf f with training in ef fe c tive
record-management and archiving
techniques. Various countries have
supported attempts by the marine
science community to rescue ships’
logs as an aid in interpreting climatic
conditions over the world’s oceans:
the RECLAIM project (RECovery of
Logbooks And International Marine
Data) is an example of such an
initiative.

Database technology
and archiving
In the modern era, effective data
a c c e s s means having the da t a
stored in electronic formats and
preferably in forms where it can be
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We, the delegates from 170 Member States and Territories of the World
Meteorological Organization (WMO), meeting in Geneva from 4 to 26 May 1999 at the
Thirteenth World Meteorological Congress, declare as follows: …
We are cognizant that, weather and climate systems do not recognize political
borders and are continuously interacting. Hence, no one country can be fully selfreliant in meeting all of its requirements for meteorological services and countries
need to work together in a spirit of mutual assistance and cooperation.
(extract from the Geneva Declaration of Thirteenth World Meteorological Congress)

readily ingested into spreadsheets,
anal y s i s s of t war e and c lima te
models. CCl supports these activities
by recommending and supporting
various data-management initiatives
(e.g. WCDMP, 2005). A recent example
has been the recommendation and
implementation in developing and
Least Developed Countries of nonp r o p r i e t a r y d a t a ma n a g e m e n t
s o f t w a r e , d e s i g n e d w i t h t h e
specific needs and limitations of
those countries’ NMHSs in mind.
The ClimSof t sof t ware package,
developed under the auspices of
WMO, has so far been installed in
countries of the Caribbean, Africa
and the Pacific, backed by training
courses, tailored report formats and
an online discussion group. The
Australian Bureau of Meteorology
has supported the Pacific “arm” of
this implementation: experience has
shown that training in the use of such
software is much more effective if
delivered in-country, rather than via
workshops which may be attended
by only one representative per
country.
Where it has not been possible
to digitize data, there is s till a
n e e d to e n s ur e p ap e r r e c or d s
are stored securely, according to
acceptable archival standards (e.g.
in acid-free boxes, in air-conditioned
rooms and with the data properly
inventoried).

Quality control/
assurance (QC/QA)
For data to be truly reliable, there
has to be some means of diagnosing,
then correcting, eliminating or at least
flagging, errors. In other words, the
data must be subject to some kind
of quality control (QC). Once, QC
was very much a hands-on activity,
with NMHS staff physically checking
individual data recorded in logbooks
or on record sheets against a series of
tests, coupled with often subjective
operator experience, a dash of local
topographic knowledge and a great
deal of observational knowledge.
With the advent of automatic highspeed computers and larger volumes
of data, QC in many locations has
become more automated, with much
of the testing done automatically
using predetermined checks (e.g.
checks against climate extremes;
internal consistency checks, e.g.
does dewpoint exceed temperature?;
unlikely temporal fluctuations; checks
against neighbouring stations). With
this approach, the manual operator
role—if there is one—becomes con
fined to following up and deciding
on cases flagged by the automated
testing procedures. It is good QC
practice to assign a quality flag
indicating the reliance to be placed on
the data and to keep an audit trail so
that original data may be regenerated
if required.

Clearly, the degree and t ype of
QC will depend on various factors
such as the number of stations; the
variable type (in general, essential
climate variables such as rainfall,
temperature and humidity should
receive greater attention than less
critical ones); frequency of data;
and, naturally, staff and computing
resources within the NMHS. Some
centres (e.g. the US National Climatic
Data Center (NCDC)) run additional
tests for homogeneity. The Expert
Team on Observing Requirements and
Standards for Climate, in collaboration
with NCDC, is completing a revision of
the Guidelines on the Quality Control
of Surface Climate Data (Abbott,
1986).
An important part of the QC / Q A
process is to ensure that systematic
or repeated errors are identified,
and referred back to observational
managers for investigation and
rectification. Recurrent errors may
reflect faulty observing sensors, poor
observational practices, inadequate
site or instrument maintenance or—
in the case of AWSs—problems with
the messaging systems (in Australia,
recently, there was a software glitch
that in some circumstances caused old
messages to overwrite recent data).
Such end-to-end quality assurance
should be a primary aim for NMHSs:
it is a truism that the best form of
quality assurance is to ensure that the
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original data are as close to perfect
as possible.

Particular difficulties in
developing countries
In the foregoing, reference was
made to the problems faced by
developing and Least Developed
Countries in both collecting and

managing climate data. Many such
problems have been identified in
various publications, such as the
First and Second GCOS Adequacy
Reports (e.g. GCOS, 2003). Apart
from severe resource constraints,
staff turnover may be high; there is
often little opportunity to train new
staff; equipment and storage facilities
may be poor or limited; stations are
frequently remote and hard to access
due to infrastructure limitations;

communications may be poor; and
meteorology frequently ranks low in
government priorities.
Yet, without observations from these
countries, not only does it become
dif ficult to provide the level of
climate services required in-country
to manage climate-related risk, it
becomes difficult, if not impossible,
to put together a truly global picture
of the climate, its variations and its

International efforts on rescue and digitization of climate
records in the Mediterranean basin
Long-term, high-quality and reliable climate instru
mental time-series are key information required in
undertaking robust and consistent assessments in
order to better understand, detect, predict and respond
to global climate variability and change. The benefit
areas include regional climate studies and predictions,
calibration of satellite data, generation of climatequality re-analysis data, besides being a formidable and
essential tool in translating climate proxy evidence into
instrumental terms.
The Mediterranean region has a very long and rich
history in monitoring the atmosphere, going back to the
19th century. However, despite the efforts undertaken
by some National Meteorological and Hydrological
Services (NMHSs) in data rescue (DARE) activities aimed
at transferring historical long-term climate records from
fragile media (paper forms) to new electronic media,
accessible digital climate data are still mostly restricted

to the second half of the 20th century, hence preventing
the region from developing more accurate assessments
of climate variability and change.
To address these issues, WMO, in collaboration with the
National Institute of Meteorology of Spain, organized
an international Workshop on Data Rescue and
Digitization of Climate Records in the Mediterranean
Basin in Tarragona, Spain, 28-30 November 2007.
Representatives of 22 NMHS in the region and several
regional and international institutions attended the
workshop and defined the way forward. The subsequent
workplan includes: the establishmen of an inventory,
on a country basis, of the currently available longterm climate records in digital form (temperature,
precipitation, air pressure) and the longest and key
climate records to be recovered: and the setting-up of a
common Website for inventorying the current available
climate data and the potential data to be recovered on
a national basis and actions to
be undertaken for developing
national/regional climate data
rescue activities.

Data rescue and digitization of climate records
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On behalf of WMO, Mr Bui Van Duc
(right), Director General of the National
Meteorological Service of Viet Nam,
presents a participant in a capacitybuilding workshop with a laptop to operate
and maintain a climate database at his
home institution (Workshop on CLIMSOFT
Data Management System and Climate
Extreme Indices, Hanoi, Viet Nam,
12 November-7 December 2007).

changes. It is essential that the global
meteorological community addresses
and helps solve the observational
and data management problems in
developing and Least Developed
Countries.
The Exper t Team on Obser ving
Requirements and Standards for
Climate is currently putting together
a series of recommendations on how

to support climate observational
programmes in developing and Least
Developed Countries, starting with
the premise that, to meet current and
future needs, there must be a certain
minimum number of climate stations
representing key centres, distinct
climate zones and, par ticularly,
vulnerable regions and sectors. The
Team will investigate what can be done
to improve observational standards
through, for example, improved and
better-targeted training and the use
of AWSs. It will attempt to provide
suggestions on how to address some
of the endemic problems outlined
in the previous paragraphs. Some
suggestions for resource mobilization
will also be made, including such
things as drawing on aid and climatechange funding bodies, utilizing,
where possible, the assistance of
private funding, and raising the profile
of the NMHS in its own country.

Concluding remarks

system that is designed with the
needs of the climate programme
in question. The role of WMO, its
Commission for Climatology and
NMHSs in facilitating such a system
will be crucial.
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There is widespread recognition that
climate change looms as perhaps
the biggest single future threat to
humanit y and the environment.
Major global efforts will be needed
to ameliorate impacts which the
meteorological, and especially the
climate community, will need to be
instrumental in suppor ting. This
suppor t will, in turn, need to be
underpinned by an observational
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Implementing the Global Ocean
Observing System
by Mike Johnson*

Introduction
Safety at sea has been a primary
driver for internationally coordinated
marine obser vations since the
foundation of WMO. Over the past two
decades, demand has steadily grown
for expanding marine observation
systems to support other applications,
such as the initialization of increasingly
sophisticated and longer-range
weather-forecast systems, coastal
area management, optimization
of commercial fishing activities,
ship routeing, off-shore resource
exploration and development, pol
lution prevention and clean-up and,
most recently, climate modelling and
prediction. These applications require
global observational datasets and
prediction products for both the ocean
and the overlying atmosphere.
Such interdisciplinary requirements
have necessitated the development
of ever-closer working relationships
bet ween oceanographers and
marine meteorologists and the devel
opment of a “systems approach”
to international coordination of
national implementation efforts. A
global observing system by definition
crosses international boundaries with
the potential for both benefits and

*	Director, NOAA Office of Climate Obs
ervation, JCOMM Observations Programme
Area Coordinator

responsibilities to be shared by many
nations. Recognizing these needs,
WMO and the Intergovernmental
Oceanographic Commission (IOC)
of the United Nations Educational,
Scientific and Cultural Organization
es tablished, in 20 01, the Joint
WMO/ IOC Technical Commission
for O c eano gr aphy and Marine
Meteorology (JCOMM). JCOMM now
provides an intergovernmental frame
work for global system planning and
coordination. As maritime nations
prepare to meet again in 2009 for
JCOMM-III, it is timely to reflect on
progress over the last decade and the
challenges that lie ahead.

Implementation plan
The ocean chapter of the Global
Climate Observing System (GCOS)
Implementation Plan for the Global
Ob s er ving Sys tem for Climate
in support of the United Nations
Framework Convention on Climate
Change (UNFCCC ) (GCOS‑92)
provides the roadmap for system
implementation. The ocean observing
system documented in GCOS‑92 is a
composite system of systems, made
up of sustained high-quality satellite
measurements of the atmosphere and
ocean surface, in situ measurements of
the ocean surface and the subsurface
ocean and in situ measurements of the
atmosphere over the ocean.
Each component subsystem brings
its unique strengths and limitations;
together they build the composite

system of systems. Figure 1 illustrates
this initial global ocean observation
system of systems. In addition to
the platforms illustrated in Figure 1,
two more components are essential:
data and assimilation subsystems and
product delivery.
Although this baseline system is
designed to meet climate require
ments, marine services in general
will be improved by implementation
of the systematic global observations
called for by the GCOS-92 plan. The
system will support global weather
prediction, global and coastal ocean
prediction, marine hazard warning,
marine environmental monitoring,
naval applications and many other
non-climate uses.
The initial ocean observing system
for climate depends on space-based
global measurements of sea- surface
temperature, sea-surface height,
surface vector winds, ocean colour and
sea ice. These satellite contributions
are detailed in other international
plans but continued close coordination
with the in situ systems is essential for
comprehensive ocean observation.
An urgent and fundamental need
identified by GCOS-92—endorsed
by the UNFCCC and the Global
Earth Observing System of Systems
(GEOSS) 10-Year Implementation
Plan Reference Document—is to
achieve global coverage by the in situ
networks. These include moored and
drifting buoys, tide gauge stations,
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Figure 1 — Initial composite ocean observing system, including the current status against the goals of the GCOS Implementation Plan
(GCOS-92)

profiling floats and ship -based
systems. Coordination of national
contributions to the implementation
of these networks is the job of the
JCOMM Observations Programme
Area (OPA). Within the ocean chapter
of GCOS-92, JCOMM is identified as
the implementing agent or contributing
implementing agent for 21 of the
specific actions. These elements
have been adopted by the JCOMM
Observations Programme Area as an
implementation roadmap. This article
provides a summary of the OPA work
plan, including coordination with other
global programmes, in support of
building the global ocean component
of a Global Earth Observing System
of Systems.

Achieving global
coverage by the
in situ networks
The JCOMM Observations Programme
Area includes three implementation
panels—the Data Buoy Cooperation
Panel (DBCP), the Ship Observations

Team and the Global Sea Level
Observing System Group of Experts.
Since JCOMM was established in
2001, there has been a link to the
international Argo programme as
well. Over the past few years, OPA
has also been working to coordinate
globally with the international Ocean
Sustained Interdisciplinary Time
Series Environmental Observation
System (OceanSITES) and with
the International Ocean Carbon Co
ordination Project (IOCCP). These
programmes represent the major
international activities dedicated to
the implementation of sustained global
ocean observing systems.
The JCOMM implementation panels
focus on coordinating deployment
of moored and drifting buoys on the
high seas, coordinating volunteer
ship observations from commercial
vessels transiting the world’s oceans
and coordinating tide gauge station
operations at a core subset of
stations that have been committed
by Members/Member States to help
monitor global sea level in a system
atic way. The Argo programme is

focused on establishing and sustaining
a global array of subsurface profiling
floats. OceanSITES has undertaken
the establishment of a sparse global
net work of deep ocean moored
buoys and subsurface moorings
for long time series monitoring of
the ocean and ocean-atmosphere
interactions. The IOCCP is adding
carbon measurements to the ships and
buoy systems to monitor the ocean’s
role in the global carbon cycle. The
foci of all of these major international
global programmes are needed for
building a comprehensive, sustained
global ocean observation system and
there is opportunity for significant
implementation efficiencies in working
together.
Substantial progress has been made
in implementing the obser ving
networks since JCOMM-I in 2001. The
total composite in situ ocean system
achieved a significant milestone in
February 2005 by surpassing the
50 per cent completion mark. At the
time of JCOMM-I, the system was
estimated to be about 34 per cent
complete, which can be compared to
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the present estimate of 59 per cent
as JCOMM-III approaches. These
percentages are based on the system
targets identified in GCOS-92. The last
eight years of progress and the plan for
the next three years, as presented at
JCOMM-II, are summarized graphically
in Figure 2. Great progress has been
made, but the job is only 60 per cent
done. It is now clear that completion
of the initial ocean climate observing
system by 2010, as the plan in Figure 2
envisions, is not realistic. Completion
will require substantial additional
yearly investment by Members /
Member States.

Multi-year Phased Implementation Plan
(International targets — representative milestones)
2000

2001

2002

2003

2004

51

56

57

57

59

Surface Drifting Buoys

807

671

779

787

77

77

79

79

83

86

91

97

104

115

119

Number of moorings

Tropical Moored Buoys

0

0

108

112

150

180

200

250

250

250

60

Number of ships
recruited

23

24

26

26

27

39

44

49

51

51

51

High resolution & frequently
repeated lines occupied

20

31

544

15

29

35

37

0

0

1

4

Tide Gauge Stations

VOS Clim Ships
Ships of Opportunity
Argo Floats
Reference Stations
Ocean Carbon Network

Sustainability in the long term remains
an issue, since many of the national
Argo and DBCP programmes are still
supported through research funding.
Sustainability is justified for both
research and operational applications.
The drifter data have long been used
by climate scientists to measure global
sea-surface temperature change and
by operational centres to initialize cli
mate and weather-forecast models.
Argo data are increasingly being used
for climate studies and for ocean and
climate modelling. The value of Argo
data in improving ocean forecasts has
been demonstrated. Argo is now in
transition from its implementation

61

2006

81

2007

2008

2009

2010

106
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148

170
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Real-time Stations,
Initial GCOS Subset
Number of buoys

Number of floats

41

42

49

54

60

78

89

Observatories, flux, and
ocean transport stations

15

17

20

23

28

31

9

Repeat Sections Completed,
One inventory per 10 years

Initial Ocean Observing System Milestones
JCOMM-I

Total System

Two major milestones have been
achieved so far: the Data Buoy
Cooperation Panel in September
2005 reached the initial system
design goal of 1 250 surface drifting
buoys in sustained service; and the
Argo Steering Team in October 2007
reached the initial system design
goal of 3 000 active profiling floats
in service. The global drifting buoy
array became the first component of
the initial Global Ocean Observing
System (GOOS) to be completed. It took
10 years to reach this milestone from
the time the international community
began implementation of GOOS with
the publication of the Scientific Design
for the Common Module of the Global
Ocean Observing System and the
Global Climate Observing System
by the Ocean Observing System
Development Panel in 1995.
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Figure 2 — The history and future plan for the implementation of the in situ elements
of the ocean observing system. The plan presented at JCOMM-II envisions completion
of the initial ocean climate observing system by 2010, which will require substantial
additional investment by Members/Member States.
phase to its sustained maintenance
phase. The latter phase will optimize
the array’s design, address new
challenges (e.g. extending float lifetime beyond fours years) and permit
further development of the quality and
usefulness of the data.

System-wide monitoring
and performance
reporting
Another major challenge for the
JCOMM Observations Programme
Area is to develop easy-to-understand
performance reports that can help
evaluate the effectiveness of the
composite observing system and
convince governments to provide
the funding needed to meet global
implementation targets. It will not be
possible to achieve global coverage
of the Earth’s oceans with existing
resources. As noted above, the existing
system is only 59 per cent complete.
That means that 41 per cent of the
global ocean remains essentially
unobserved. Governments need to
commit additional resources in order
to achieve complete global coverage.
JCOMM’s operational support centre—

JCOMMOPS —has been working
with OPA to develop standard base
maps showing what is required
against what is currently in place, to
evaluate observing system status and
effectiveness and to develop summary
reports illustrating how advancements
toward global coverage improve the
effectiveness of the observational
information.
A standard map projection has now
been accepted by OPA for reporting
system status and progress. It is an
equidistant cylindrical projection, 90°N
to 90°S, broken at 30°E. A standard
set of colours indicating country
contributions is used by JCOMMOPS.
For indicating system performance, a
progression of colours (red, orange,
yellow, green and blue) is used: red
represents poorly observed; blue
represents adequately observed. For
illustrating measurements: hot colours
(red) are used for warm temperatures,
generally high values and shallow
o c ean depths ; var ying to c ool
colours (blue) for cool temperatures,
generally low values and deep ocean
measurements. All Members/Member
States are encouraged to use these
conventions when mapping their
observing system contributions.
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Challenges to Members/Member States in completing the
global system
Data Buoy Cooperation Panel
•

Deploy and maintain a sustained array of 1 250 surface drifting buoys (now 100 per cent completed) for
measuring sea-surface temperature and surface currents

•

Add barometers to all drifters (presently 500 barometer upgrades in service) to measure sea-level
pressure

•

Extend the Tropical Moored Buoy network across the Indian Ocean (15 of 47 sites have been deployed) to
complete coverage of the equatorial regions of the Atlantic, Pacific and Indian Oceans—the heat engine of
global climate and weather patterns

•

Coordinate with OceanSITES for common use of platforms and logistics support

Ship Observations Team
•

Improve Volunteer Observing Ship (VOS) reporting of marine weather and ocean surface conditions (of the
approximately 6 700 ships registered, less than 2 300 report regularly)

•

Implement 250 VOS Climate (VOSClim) ships (currently 218 ships) as a high-quality subset for climate analysis
of the long-term records that have been kept by commercial ships

•

Implement automated weather systems on volunteer ships (currently 140 ships) to improve real-time reporting
for weather forecasting and climate

•

Fully occupy 51 high-resolution and frequently repeated expendable bathythermograph lines that were
specified by the 1999 upper-ocean thermal workshop (currently 41 lines) to measure upper-ocean temperature
structure and transports

•

Coordinate with the International Ocean Carbon Coordination Project to use common platforms and
logistics infrastructure for both the physical and chemical measurements in the global ocean and surface
atmosphere

Global Sea Level Observing System Group of Experts
•

Improve station reporting (only 176 of the 290 core network stations report regularly) to provide continuous
high quality measurements of tides and sea-level

•

Implement the GCOS Reference Station subset of 170 globally distributed tide gauge stations with real-time
reporting and geocentric location (currently 106 real-time reporting) for long-term monitoring of climate
change and for real-time support of tsunami warning systems

Argo
•

Maintain a global array of 3 000 active floats (now in service) for measuring subsurface ocean temperature
and salinity

OceanSITES
•

Establish a sparse global network of moored buoys and subsurface moorings to monitor various ocean/
climate regimes and measure global-scale ocean circulation (43 of 89 sites now in service)

International Ocean Carbon Coordination Project
•

Conduct a complete carbon inventory of the global ocean once every 10 years, using oceanographic vessels
(20 of 37 lines have now been re-surveyed), and monitor the ocean-atmosphere exchange of carbon dioxide
from voluntary observing ships and moored buoys.
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Observing System Status:
2007, Q3 Temperature Profiles
Sampling requirements:
1 profile
Every 10 days
In every 3 º x 3 º box

BATHY (mostly XBTs)

TRACKOB (surface underway data)

TESAC (mostly Argo floats)

BUOY (moored and drifting)

Requirement: All boxes blue

Goal: 100% Global Coverage

Figure 3 — Status and performance report for the first quarter of 2007, illustrating how
well the present observing system is measuring one essential variable—subsurface
temperature profiles—relative to the GOOS/GCOS requirement of one profile every
10 days at a horizontal resolution of 3° x 3°.

In addition to platform statistics
calculated by JCOMMOPS, quarterly
performance reports are now avail
able for sea-surface temperature,
sea-surface salinity, temperature pro
files, salinity profiles, near-surface
currents and heat storage of the
mixed layer. The OPA is working to
incorporate reports for other ocean
variables that have been specified
by GOOS and GCOS. Access to these
reports is via JCOMMOPS at http://
w w w. j c o m m o p s . o r g / n e t w o r k _
status. An example of the type of
quarterly performance reports that
are available is shown for subsurface
temperature profiles in Figure 3.
A consolidated progress repor t
with contributions by countries is
available at http://www.jcommops.
org / net work _ s tatus. It lis ts the
73 c ountrie s and the Europ ean
Union that maintain elements of the
composite ocean observing system,
and the number of in situ platforms
and expendables contributed by
each country. This repor t allows
tracking of progress toward
implementation of the ocean system
specified in GCOS-92. All JCOMM

Members/Member States are invited
to routinely review this report and
provide corrections as needed to
opa @jcommops.org. (Observing
system contributions are included
in this report only if they provide
data to the international community
in accordance with WMO and IOC
data policies.)
A Web page has been developed
to provide for a single entrance
portal to link to all Websites being
maintained by countries contributing
to implementation of the global
ocean observing system. This single
portal is intended to illustrate the
ocean system of systems that is
being implemented by JCOMM and
partner programmes. This portal to
national centre Websites is available
through the JCOMMOPS access
point: http://www.jcommops.org/
network_status. Members/Member
States are encouraged to review the
Website and provide corrections as
needed to opa@jcommops.org.
The OPA has also been working
to develop an Observing System
Monitoring Centre (OSMC) Web

tool that provides for real-time
monitoring capability with a live
access server and provides Web
browser and data visualization for
system analysis and evaluation
(http://www.osmc.noaa.gov/). Realtime data and metadata are pulled
from multiple sources, including the
Global Telecommunication System,
JCOMMOPS and Web-based data
ser ver s, and are s tored on the
OSMC ser vers for five years for
display and analysis. This system
c o mp l e m e n t s t h e J C O M M O P S
monitoring system, which provides
for metadata collection, monthly
monitoring and longer-term archiving
of the observing system status and
its evolution. Using both systems,
system managers and other users
are now able to generate their own
customized repor ts for specific
global and regional needs using
this international observing system
management infrastructure.

Working together
Since the Indian Ocean tsunami
disaster of December 2004, imple
mentation of a comprehensive
glob al marine haz ar d war ning
system has become a high priority
on the international ocean agenda.
Opportunities for JCOMM and Ocean
SITES coordination with international
marine hazard warning systems are
already being advanced, including
real-time repor ting from GLOSS
tide-gauge stations, coordinated
deployment of ocean buoys and the
use of common sites/platforms and
logistics infrastructure for multiple
observational purposes. Coordinated
implementation of observational
components in suppor t of inter
national comprehensive marine
hazard warning systems is now a
main driver for the JCOMM OPA
work plan .
An example of coordinated system
implementation is illustrated in
Figure 4. It shows a Chilean tsunami
warning buoy being serviced from
the US research vessel Ronald H.
Brown during an October 2007 climate
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Figure 4 — Chilean tsunami warning buoy being serviced from the US research vessel
Ronald H. Brown by a joint Chilean/US team during a climate mission for annual
maintenance of ocean reference station “Stratus”. Meteorological sensors were
installed on the tsunami buoy to make it into a multi-purpose platform. Also deployed
during this mission were DBCP surface drifting buoys and Argo profiling floats.

mission for annual maintenance of
the OceanSITES moored buoy station
“Stratus” in the eastern Pacific
Ocean. Both the tsunami buoy and
the Stratus buoy (the Stratus buoy is
pictured in Figure 1, representing the
global reference mooring network)
were cooperatively deployed by a
joint Chilean/US team using the same
ship-support infrastructure. Meteo
rological sensors were installed on
the tsunami buoy to make it into a
multi-use platform. Also deployed
during this mission were surface

drif ting buoys for the Data Buoy
Cooperation Panel and profiling
floats for the Argo programme.
International, interdisciplinary, inter
programmatic cooperation like this
will make possible ef ficient and
ef fective implementation of the
Global Ocean Observing System.

Conclusion
Bringing together the oceanographic
and marine meteorological observing
networks under the JCOMM umbrella

has demonstrated the effectiveness
of a “systems approach” to Earth
observation. Looking to the future,
Fif teenth World Meteorological
C on gr e s s ( G e n eva, M ay 2 0 07)
initiated a process for integration
o f t h e o b s e r v in g c o m p o n e n t s
of all WMO programmes. While
proposing a step-by-step approach
to the development of the WMO Inte
grated Global Observing System
(WIGOS), Congress recommended
the establishment of a number of pilot
activities, including the integration of
the JCOMM programmes supporting
imp l e m e n t a t io n o f t h e G l o b a l
Ocean Observing System and the
Global Climate Observing System,
working with other key international
organizations such as the IOC. The
pilot projects will promote inter
operability of ocean data systems
within the WMO Information System;
the comprehensive documentation
and integration of standards and best
practices within the meteorological
and oceanographic communities; and
development of appropriate qualitymanagement systems. It is expected
that the JCOMM pilot project for
WIGOS will enhance accessibility of
both real-time and delayed-mode data
of known quality, delivered according
to agreed standards, to meet the grow
ing requirements of numerical weather
prediction, ocean forecasting, climate
forecasting, disaster risk reduction,
marine services and Earth system
research.
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Aircraft observations
by Frank Grooters*

How aircraft observations benefit the
safety, efficiency and environmental
footprint of inte rnational c ivil
aviation and contribute to the Global
Observing System.

Background and history
The WMO Aircraft Meteorological
Data Relay (AMDAR ) Panel was
established in 1998 for a worldwide
application of the inherent observing
capability of aircraft.
It consists of representatives of
WMO Member countries that par
ticipate dire c tly in the AMDAR
programme and provide funding
for its activities. Other bodies with
direct interest include providers
of airline communications, aircraft
avionics and sensors, and research
institutes.
Since the beginning of flight, weather
observations taken from aircraft have
made an impor tant contribution
towards understanding the current
state of the atmosphere so that better
weather forecasts can be made.
Today, the AMDAR system facilitates
the fully automated collection and
transmission of weather observations
from commercial aircraft, as well as
some military and private aircraft.
The primar y dataset from each

*	Chairman, AMDAR Panel, KNMI, De Bilt,
The Netherlands

aircraft participating in the AMDAR
programme includes position in time
and space, wind speed and direction,
and ambient temperature.
AMDAR data are used operationally
to support a wide range of meteoro
logical applications and are considered
by WMO to be an essential source of
basic upper-air information. Some
aircraft also provide information
on moisture, turbulence and ice
accretion. They have similar accuracy
to radiosonde data and can be used
in the same manner.
Perhaps one of the most important
attributes of AMDAR data is their cost:
a vertical sounding of temperature
and wind derived from an aircraft on
ascent or descent produces a profile
that is typically less than 1 per cent
of the cost of a radiosonde sounding.
In addition, in some areas of the
world, AMDAR soundings provide
the only information available on
the detailed vertical structure of the
atmosphere.

Operational implications
Communication aspects
A specific AMDAR software package,
together with onboard sensors,
flight computers and aeronautical
communications systems, collect,
process, format and transmit the
data to existing ground stations via
satellite, VHF or HF radio links. The
transition management is performed

via the Aircraf t Communications
Addressing and Reporting System
(ACARS) or other reporting system.
Once on the ground, the data are
relayed to the global network of
National Meteorological Services and
other authorized users as shown in
Figure 1.
Currently, around 230 000 observations
per day are available via the WMO
Global Telecommunication System
(GTS) both en-route and from ascents
and descents in the form of profiles
for many airports in different parts
of the world.
AMDAR data from en-route aircraft
are a vital component of the global
obser ving net work over o c ean
areas, deserts, near the poles and
other areas normally devoid of in situ
observations.
The availability of very frequent
profile information and location of jet
streams contributes to the increased
accuracy of wind and temperature
information to be used in flight
planning (optimization of routes)
and air traffic management, e.g.
continuous descent, reduced hold
ings and maximum benefit of free
flight.
Tw o n e w a l t e r n a t i v e A M D A R
systems have been developed that
offer flexibility and independence
from conventional aviation systems
and have their own internal and
ex t e r n a l d a t a - p r o c e s s i n g a n d
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•

Wind-shear location and intensity,
e.g. dangerous low-level jets;

•

Low cloud formation, location
and duration;

•

Fog formation, location and
duration;

•

Turbulence location and intensity;
and

•

Jet-stream location and
intensity.

QEv centre

Coordinator

Ground-based
data-processing
systems

SITA/ARINC
network

GTS

Flight
control

Airlines
Uplinking
systems

Regional data
optimizing centre

NMS

Figure 1 — Diagram of data flow through an AMDAR system

monitoring capabilities. Tropospheric
Meteorological Data Repor ting
(TAMDAR) comprises a complete
sensor package (position, time, wind,
temperature, humidity, turbulence,
icing) and communications system.
The Automated Flight Information
Reporting System transmits data from
either existing or specially installed
sensors to the airline and National
Meteorological Service using another
independent communication system.
Both systems are suitable for smaller
aircraft that normally do not have
ACARS, but can also be installed on
almost any aircraft.
Operational evaluation trials in Canada
and the USA and at the European
Centre for Medium-Range Weather
Forecasts indicate that good-quality
observations have a significantly
positive impact on numerical weather
prediction and operational forecasting.
These systems are ideally suited to
areas not normally serviced by the
larger aircraft equipped with ACARS,
such as in Africa and developing
countries in general.

routinely monitored by meteorological
centres and the information is fed
back to airlines. These benefit directly
by using it to help maintain the high
standard of aircraft performance.
Studies show a conclusive, positive
impact of AMDAR data in weatherforecast operations. Real-time use
of high-quality vertical profiles of
AMDAR temperature and wind in
Australia, Canada, Hong Kong (China)
and the USA has proved to contribute
significantly to the improvement in
short- to medium-term forecasting
applications. They are particularly
useful for nowcasting situations,
where conditions are changing rapidly
and are therefore of special use to
the aviation industry. Areas where
they have proved to have significant
impact include:
•

•

Thunderstorm genesis, location
and severity;

•

Differentiation between rain,
snow and freezing rain;

Expected benefits
The quality of observations obtained
from each repor ting aircraf t is

Surface and upper-air forecasts of
wind and temperature, including
s e ve r e w i n d , o n s e t o f s e a
breeze and local topographical
weather;

Improved information pertaining
to the location and strength of jetstream cores has also led to improved
forecasts of major storm events.
Special collaborative programmes
between countries operating longhaul-flights from Europe, Nor th
America and other developed regions
to countries in data-sparse regions
that are unable to develop local pro
grammes of their own have helped
target areas of special meteorological
interest like the squall lines over West
Africa.
In recognition of its importance and
value as a reliable source of highquality upper-air data, AMDAR is
being integrated into WMO’s World
Weather Watch Global Observing
System. AMDAR will also form an
important component of the Global
Earth Observing System of Systems
(GEOSS) that will be supported by
WMO and countries commit ted
to providing and using AMDAR
data. More aircraft, implemented
with AMDAR software and flying
northerly and southerly routes have,
in addition, been activated as a
contribution to International Polar
Year 2007-2008.

Joining the programme
An operational AMDAR sys tem
requires several major components,
including:
•

An airline willing to participate in
a cooperative agreement;
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39 Kft

28 Kft

16 Kft

5 Kft

29 Oct. 2007 00:00:00 — 29 Oct. 2007 23:59:59 (220 700 obs. loaded, 220 686 in range, 15 855 shown)
NOAA / ESRL / GSD Altitude: -1 000 ft. to 45 000 ft.
All data

Figure 2 — Typical 24-hour global coverage

•

Aircraft with compatible com
munications, avionics and
meteorological sensors;

•

Ground and /or satellite links
for the National Meteorological
Service (NMS) to obtain the data
from the airline;

•

Ground-based processing system
and connection to the Global
Telecommunication System;

•

A system for monitoring the
performance of the programme
and for interacting with the airline
to maintain data quality;

•

A system for real-time control of
the volume and location of the
data to manage cost.

•

Wor k in g w i t h t h e Na t io nal
Meteorological Service and the
airline to create the necessary
documents and infrastructure
agreements.

Environmental
implications
Work continues to expand the number
of additional weather elements to be
reported in the next couple of years. A
small number of operational aircraft in
the USA have begun to report water
vapour/humidity, but several countries

have plans to install sensors over the
next few years. After testing, these
water-vapour sensors are expected
to give full information of comparable
quality at significantly reduced cost
near airport locations as quasi-vertical
atmospheric profiles. It is anticipated
that such information will significantly
improve all forecast operations.
Specific to aviation, turbulence
information is used operationally
at some forecasting centres and
new capabilities are being tested
and evaluated, together with icing
information.
Widespread use of water-vapour
sensors may be used to determine,
predict and avoid areas or layers
of super-saturation with respect
to ice, thus reducing the climateactive Cirrus and contrails caused
by aviation, reduce fuel consumption
and carbon dioxide output. Aviation
contributes 2 per cent of global carbon
dioxide emissions and it is expected
that efforts in improving efficiency
will limit this number to 3 per cent by
2050, despite the envisaged industry
strong growth.
Again, the uses of frequently updated
profile information for the en-route,
approach and depar ture sectors
of flight will permit the fur ther
optimization of flight operations,

39 Kft

The AMDAR Panel can help organize a
regional or national programme by:
•

28 Kft

Working with the NMSs and the
airlines to evaluate the potential
for developing a national or
regional AMDAR programme;

•

Assisting with technical support
and training;

•

Providing technical material and
manuals needed to establish a
national or regional AMDAR
programme;

16 Kft

5 Kft

29 Oct. 2007 00:00:00 — 29 Oct. 2007 23:59:59 (220 700 obs. loaded, 6 532in range, 3 264 shown)
NOAA / ESRL / GSD Altitude: -1 000 ft. to 45 000 ft.
All data

Figure 3 — Typical 24-hour coverage of Africa and the Middle East, October 2007
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any real cost and the downlinking
of the data is the main cost driver,
such a selection algorithm could be
optimized for a composite observing
system, targeted observations and
could even be situation-dependent,
e.g. in c ase of severe weather
developing.

New air traffic
management concepts
The expected growth of air traffic in
the developed world and even more so
in the emerging economies of SouthEast Asia, requires a radically new
concept of air traffic management to
maintain safety and efficiency.

Figure 4 — E-AMDAR water vapour sensor tests

derivation of maximum benefit from
accurate wind information and a
reduction in the impact of weather on
delays, holdings and diversions.
Such information will not only allow
the mitigation of low-level wind shear
and turbulence, as well as low visibility
operations, but will also support
new concepts such as continuous
descent approaches and early runway
selection, avoiding complex rearranging of arrival patterns in case of
significant changes in surface wind.
Continuously updated information on
the strength and height of low-level
temperature inversions derived from
ascent and descent profiles of aircraft
will be beneficial for the prediction of
local air quality.
The increased spatial and temporal
distribution of AMDAR data will
make an important contribution to
finer resolution numerical weather

prediction models that are being
introduced. It has already been
demonstrated in some countries
that high-resolution AMDAR data
improve both broad- and mesoscale
forecasts.
It is therefore anticipated that, as
coverage extends to other regions,
these low-cost data will similarly
provide more accurate forecasts. At
the same time, a global optimization
scheme will help ensure the lowest
cost possible for the collection of
these data. Such schemes, already
operational in Europe and under
development in Australia and the USA,
are assessing the need for additional
data on the basis of existing reports,
with a flexible selection algorithm
determined by the Meteorological
Service requiring the data, which will
determine the location, time interval
and horizontal and vertical spacing
of the data to be downlinked. As the
measurement itself does not incur

200 000

Daily number of reports

180 000
160 000
140 000
120 000
100 000
80 000
60 000
40 000
20 000
0
1986 1990 1993 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006

Figure 5 — Growth in
AMDAR data

With both air routes and terminal
aerodromes operating at or near their
maximum capacity, weather events
such as convective activity, snowfall,
ground icing, low ceilings and visibility
could severely impact the flow of air
traffic. Many a weary traveller has
experienced such difficulties when
inclement weather strikes at times of
maximum demand near peak holiday
times!
Both in Europe and North America,
ambitious new concepts of air traffic
management are being developed
with a 20-year time frame in an attempt
to optimize the use of airspace and
terminal aerodromes based on fourdimensional trajectory methods, a
high degree of computer- to- computer
data exchange in a networked fashion
and a high degree of automation, with
the human being taking on a new role
as supervisor rather than as manual
operator of the system.
These concepts will rely to a large
extent on highly accurate, timely and
ubiquitous meteorological data that
are available within a system-wide
information management framework.
It is envisaged that aircraft data, due
to their low cost, frequent update rate
and high quality, will form an essential
source of the data required for such
concepts.
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Global atmospheric ozone
monitoring
by Johannes Staehelin*

Introduction
Ozone molecules are concentrated
in the stratosphere mainly between
altitudes of 10 and 40 km. They
determine the temperature structure
of the stratosphere and, by absorbing
harmful ultraviolet radiation,
safeguard life on this planet.
Isolated ozone observations were
made in the 1920s, but systematic
measurements began only about
50 years ago. At present, more
than 70 agencies in some 50 WMO
Member countries are contributing
ozone observations to WMO’s Global
Atmosphere Watch (GAW), providing
data essential for understanding the
state of, and changes to, the ozone
layer. These data s tar ted to be
analysed carefully when, in the early
1970s, scientific findings highlighted
the potential of chlorofluorocarbons
( C F C s ) a n d h a l o n s t o d e s t r oy
ozone with serious environmental
implications.
It was not until the mid-198 0 s,
however, that we obtained convincing
evidence of ozone destruction as
demonstrated by the dramatic ozone
decline in the Antarc tic spring.
This discovery was made in 1985
by British scientists per forming
ground-based measurements from

*	Chair, GAW Scientific Advisory Group on
Ozone, WMO Commission for Atmospheric
Sciences

the Halley station at 76°S, where
ozone observations had been carried
out since 1956.
During the last 20 years, WMO, in col
laboration with the United Nations
Environment Programme (UNEP),
has coordinated the preparation of
a series of scientific assessments,
the mo s t r e c e n t of w hi c h wa s
published in early 2007. They are
bas e d on the a c hievement s of
hundreds of scientists, from both
developed and developing countries
and on contributions from many
national agencies. Ground-based
measurements play an essential
role, b oth for trend s tudie s in
various regions of the world and
also for ground-truthing of satellite
measurements. These assessments
provided the basis for the UNEP-led
negotiations for conclusion of the
Vienna Convention on the Protection
of the Ozone Layer (1985) and its
Montreal Protocol (1987). Today,
these assessments form the basis
for amendments and adjustments
to the Montreal Protocol, the most
recent of which was agreed upon
in Montreal in September 2007. The
current Montreal Protocol requires
drastic reductions in the use of CFCs
and halons and an accelerated phaseout of hydrochloroflurocarbons.
Long-term recovery of the ozone
layer from the ef fects of ozonedepleting substances is, according
to the mos t recent WMO / UNEP
Scientific Assessment of Ozone

Depletion, expected to span much
of the 21st century. It is estimated
to happen around 2050 in middle
latitudes and around 2065 in the
Antarctic. This is five and 15 years
later, respectively, than projected in
the previous (2002) Assessment.
Failure to comply with the Montreal
Protocol would delay, or could even
prevent, recovery of the ozone layer.
It is, therefore, of impor tance to
continue systematic, high-quality
observations of the ozone layer in
all regions of the world. It is also
becoming more and more apparent
that there are important linkages
b e t w e e n ozo n e d e p l e t i o n a n d
climate change. Ozone itself, ozonedepleting substances and many of
their substitutes are also greenhouse
gases; changes in ozone affect the
climate and changes in climate affect
ozone.
Because of its impor tance as a
greenhouse gas, ozone is one of the
essential climate variables (ECVs)
targeted by the Global Climate
Observing System (GCOS). In 2007,
the GAW Dobson and Brewer spectro
photometer networks and the GAW
ozone balloon-sonde network were
adopted as baseline networks of
GCOS. In this article, a description
is given of the GAW ozone observing
system and the contributing Southern
Hemisphere Additional Ozonesondes
(SHADOZ) network and the Network
for the Detection of Atmospheric
Composition Change (NDACC).

WMO Bulletin 57 (1) - January 2008 | 45
Bull_57_1_inside_E.indd 45

2/13/08 12:04:55 PM

Brewer measurements carried out at the Argentine station San Martín on the Antarctic Peninsula

The GAW Programme was established
in 1989, merging the Global Ozone
Obser ving System (GO 3 OS) and
the Background Air Pollution
Monitoring Network, with increased
emphasis on quality assurance and
global partnership and a focus on
six measurement groups: ozone,
UV radiation, greenhouse gases,
aerosols, major reactive gases and
precipitation chemistry. Through the
GO3OS system and now GAW, there
is a history of global monitoring of
atmospheric ozone (total ozone as
well as profile ozone) going back to
the early 1970s.
GO3OS was built in response to the
threat of anthropogenic destruction
of the ozone layer. In 1974, ozone
depletion by chlorine was firs t
discussed by Stolarski and Cicerone
and Molina and Rowland. The latter
two scientists first described the
source of reactive chlorine species
by the release of chlorine from
anthropogenically emitted chloro
fluorocarbons. The full extent of
anthropogenic ozone depletion was

found in 1985, when Farman et al.
discovered the ozone hole over the
Antarctic.
The Montreal Protocol of 1987 has
been successful. The amount of
ozone-depleting substances is now
slowly going down (about 1 per cent
per year) after reaching a peak in
the late 1990s. Nonetheless, the
Antarctic ozone hole of 2006 was the
largest on record. This was due to
the unusually cold and stable south
polar vortex in the austral spring of
2006. This demonstrates that the
degree of ozone loss depends not
only on the atmospheric burden of
ozone-depleting halogens but also
on the meteorological conditions.
It also shows the close linkage
between ozone depletion and climate
change.
The total ozone measurements
operated under the umbrella of GAW
are based on spectrophotometer
measurements, using either the Sun
or the zenith sky as the light source.
Today, measurements from about

80 Dobson and about 50 Brewer
instruments are regularly reported
to the World Ozone and Ultraviolet
Radiation Data Centre (WOUDC) in
Toronto, which was established in
1960.
Ozone profile information can be
obtained from several types of instru
ments operated from the ground.
Reliable and detailed information up
to an altitude of approximately 35 km
can be obtained by measurements
with an electrochemical cell from
small balloons which typically burst
at 25-35 km. Ozone profiles are also
measured by lidar and microwave
instruments, having their particular
strengths in the stratosphere and
mesosphere.
Consisting today of a global
partnership of managers, scientists
and technical experts in 112 countries,
GAW is coordinated by the Joint
Scientific Steering Committee of
the Open Programme Area Group
on Environmental Pollution and
Atmospheric Chemistr y (OPAG-
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EPAC) of the WMO Commission for
Atmospheric Sciences (CAS) with the
assistance of the WMO Atmospheric
Environnment Research Division of
the Research Department.
The GAW office and its Ozone SAG
have been ac tively involved in
supporting the Vienna Convention
and its Montreal Protocol, as well
as the United Nations Framework
Convention on Climate Change
(UNFCCC) through contributions
to the Implementation Plan and the
Second Report on the Adequacy
of the Global Observing Systems
for Climate by the Global Climate
Observing System (GCOS). Essential
climate variables that need to be
systematically measured globally
in order to address major issues
are of ficially recognized by the
UNFCCC. These include total ozone
and profile ozone and GAW has been
designated by WMO and GCOS as
the lead international programme
in fur thering the obser vational
re quirement s for ozone. Sinc e
October 2007, the Dobson, Brewer
and ozonesonde networks constitute
baseline networks of GCOS.
A further noteworthy development
that has taken place in the last three
years is the establishment under the
Integrated Global Observing Strategy
partnership of a strategy related to
atmospheric composition issues.
The Integrated Global Atmospheric
Chemistry Observations (IGACO)
s trategy provides a framework
for global observations under the
Global Earth Observations System of
Systems. IGACO involves 13 classes
of atmospheric chemistry variables,
total ozone and profile ozone being
key variables. The IGACO strategy
is the basis for the next generation
GAW programme of 2008-2015 and
will be implemented by the research
community under the leadership of
GAW with the assistance of GCOS,
its Atmospheric Observation Panel
for Climate and the Global Earth
Observations System of Systems.
The IGACO-Ozone / UV of fice has
been established at the Finnish

Meteorological Institute and the
implementation plan of IGACOOzone/UV is currently in the final
stages of review.

Network status
Network components
The ozone component of GAW is a
mature, organized system. Details
can be found on the WMO Website
(http://www.wmo.int/pages/prog/
arep/gaw/gaw_home_en.html). The
Ozone SAG is responsible with
the JSSC of OPAG-EPAC for imple
menting the GAW Strategic Plan. It
reviews and writes measurement
guidelines and data-quality objectives
and guides the GAW office at WMO
in the maintenance, development
and communication of products and
services of the network.
To assist in the latter, numerous
quality assurance/science activity
centres conduct intercomparisons
and provide audits and training at
the national and international levels.
The GAW Station Information System
(GAWSIS) (http://w w w.empa.ch /
gaw/gawsis /) is an on-line query
and mapping facility supported by
the MeteoSwiss GAW Programme
and the Swiss Federal Laboratories
for Materials Testing and Research
that documents the stations, their
measurements and points of contact,
as well as up-to-date information on
data submission to the World Ozone
and UV Data Centre operated by
Environment Canada. The WMO/GAW
World Ozone and UV Data Centre
collects, documents and archives data
and quality-assurance information
and makes them freely available to
the scientific community for analysis
and assessments.

Total ozone observations
Dobson spectrophotometers
Within the GAW Global Atmospheric
Ozone Monitoring Network, total
ozone is measured and reported
regularly at some 80 stations by

Dobson instruments. The longest
continuous data series is from the
Swiss Alpine site Arosa going back to
1926. The station instruments of the
present network need to be regularly
compared ( at leas t once ever y
four years) with regional standard
instruments by intercomparisons,
which is done by side-by-side com
parison. The regional s tandard
instruments are compared at least
at the same intervals with the Dobson
world primary instrument.

Brewer spectrophotometers
The Brewer instrument is based on
the same basic measuring principle
as the Dobson spectrophotometer
but using more modern technology.
It has been commercially produced
sin c e the middle of the 19 8 0 s
and is de signed for au toma tic
measurements. The number of
B r e w e r in s t r u m e n t s h a s b e e n
increasing during the last decades.
The GAW World Reference Standard
is based on the triad of instruments
operated by Environment Canada. An
additional Brewer triad is located at
the Brewer calibration centre at Izaña
(Tenerife) operated by the National
Institute of Meteorology of Spain.
The Langley plot measurements
performed at Izaña provide important
redundancy of the calibration scale of
the Brewer triad. Brewer instruments
are supposed to be compared with
standard instruments at least every
two years.

UV-visible differential optical
absorption spectroscopy
UV-visible spectrometers using
di f f er en tial op ti c al ab s or p tion
spectroscopy technique are deployed
at several NDACC stations. Some
of the stations use the standardized
SAOZ ( Sy s tè m e d ’a n al y s e p ar
observations zénithales) instrument,
developed by the French National
Scientific Research Centre, and others
use “home-built” spectrometers.
The quality of the measurements
is checked regularly through
intercomparisons, where a large
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number of instruments are compared
side by side. New instruments are not
accepted in the network until they have
proven their performance through an
intercomparison campaign.

Ozone profile measurements
Ozonesondes
Ozone-profile measurements from
s m a ll b a ll o o n s (1 2 0 0 -2 0 0 0 g )
have been regularly per formed
by electrochemical sensors since
the early 1970s and are what most
stations use today.
Additional ozonesonde stations in the
tropics have been established within
the SHADOZ project, supported by
the US National Aeronautics and
Space Administration (NASA). The
13 SHADOZ s tations are jointly
operated with GAW.

Ozone lidars and microwave
radiometers

s p e c t r o m e t e r s a r e a l s o G AW
stations.

In addition to electrochemical sondes,
lidars and microwave radiometers are
used to determine upper-air ozone
profiles. Lidars typically cover the
altitude range 10-50 km and micro
wave radiometers cover the range
20-70 km. The vertical resolution of a
lidar ozone profile is typically around
100-200 m. A microwave profile has a
vertical resolution of approximately
5-10 km. In the same way as with
UV-visible spectrometers, lidars
and microwave radiometers in the
NDACC network undergo regular
intercomparisons and new instru
ments must prove the quality of the
measurements before being accepted
as part of NDACC.

Network configuration

Most NDACC ozone lidar stations
and NDACC stations with microwave

The GAW Global Atmospheric Ozone
Monitoring Network consists of global,
regional and contributing partner
stations (e.g. SHADOZ and NDACC).
GAW stations are operated by WMO
Member States, while contributing
p ar t n e r s t a t io n s ar e o p e r a t e d
by other independent net works.
Total ozone (Dobson and Brewer
spectrophotometers) and profile
ozone (ozonesondes) measurements
are carried out according to standard
operating procedures and dataquality objectives developed by
the WMO Ozone SAG across GAW
and contributing networks. Dobson,
Brewer and sonde data are submitted
to the World Ozone and Ultraviolet
Radiation Data Centre, either directly

Electrochemical sensors are produced
by t wo manufac turers and t wo
different solute concentrations are cur
rently used in the network. Both makes
of sensor and solute concentrations
affect the measurements of the ozone
profiles. Sonde intercomparisons in
the JOSIE environmental simulation
chamber in Jülich, intercomparisons
with many combinations of sensor
brand and solute concentration
conducted on the same balloon
carrying a reference UV-photometer
(e.g. BESOS campaign) and measure
ments of two sondes from the same
balloon (dual flights) are used to
study the influence of these factors
on prof ile measurement s from
electrochemical sondes. The vertical
resolution, taking into account the
response time of the sensor is about
200-300 m.
There are 25 ozonesonde stations
affiliated with NDACC. The electro
chemical sonde was accepted as an
NDACC measurement in 1995. Most of
these stations are also GAW stations.
NDACC has ser ved to promote
additional stations, filling gaps in
remote areas that are not otherwise
accessed by GAW members.

A polyethylene balloon
is launched with a
large payload of ozone
instruments during
the BESOS campaign
in Laramie, Wyoming,
USA, April 2004.
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from the stations or via the NDACC
and SHADOZ data centres.

Institute of Meteorology at Izaña,
Tenerife, Spain.

Though quite extensive in its global
coverage, the network continues
to grow to match the needs of the
climate research communit y as
defined periodically in the scientific
assessments of WMO/ UNEP and
the Intergovernmental Panel on
Climate Change. Currently, there
are gaps in Asia, Africa and South
America. Although satellite data are
not a formal part of these networks,
GAW, through its Strategic Plan 20082015, is developing the capability
to link and integrate surface-based,
aircraft and satellite data following
the requirements of the IGOS-IGACO
strategy.

A Website with information on
Dobson calibration is maintained
by the Dobson ad hoc Committee
of WMO and hosted by the Czech
Hydrometeorological Institute.

Contributors to GAW
for total ozone
Fifty-two countries are registered
at WOUDC as actively contributing
tot al ozone da t a f rom D ob s on
and /or Brewer instruments. GAW
contributors also develop and provide
network operational products, such
as global and regional calibration
c e n tr e s . T hey c on tr ib u te on a
number of levels, from collecting and
analysing data, to providing quality
control, to producing documents
and delivering products such as
those by WOUDC. For instance,
the World Calibration Centre for
Dobson supported by NOAA/ESRL/
Global Monitoring Division has a
long history of on-site calibrations,
audits, training and maintenance at
stations in developing countries and
occasionally in developed countries.
In addition, there are regional Dobson
calibration centres hosted by the
National Meteorological Service of
Argentina (Buenos Aires), the Japan
Meteorological Agency (Tokyo), the
Australian Bureau of Meteorology
( Melbourne ) and the D eut s che
Wetterdienst (Hohenpeissenberg).
The World Reference for Brewer
measurements is held by Environment
Canada and a Regional Calibration
Centre is hosted by the National

Because of the contributions of its
many partners dedicated to gener
ating the highest-quality data, GAW
is able to adapt to pressing global
needs driven by new scientif ic
questions, to provide exemplary
quality assurance mechanisms, to
remain up to date with developments
in instrumentation and data
management and to develop useful
and informational products and
services for the global community.

Contributors to GAW for
ozonesonde profile data
Thirty countries are registered in
WOUDC as actively contributing
ozone profile data from ozonesondes.
T he W MO World C alibra tion
Centre for Ozonesondes is hosted
by For s c hun g s ze n tr um Jüli c h,
Germany. Several Jülich ozone
sonde intercomparison experiments
have been carried out during the
last decade in order to understand
the characteristics and differences
between different types.
The Balloon Experiment on Standards
for Ozone Sondes (BESOS) was
hosted by the University of Wyoming,
USA, in April 2004 and a payload of
12 ozonesondes was compared with
a UV ozone photometer. Several work
shops have been held to discuss the
results of the campaign and these
results will lead to official WMO
standard operating procedures for
ozonesondes. Most of the stations
that earlier used the Brewer-Mast
sondes have switched to the more
modern electrochemical sondes.
Dual flights have been carried out
at these stations over a period of
several years in order to be able to
splice the times-series. Dual flights
have also been carried out at a number

of stations with the two main brands
of electrochemical ozonesondes to
obtain a better understanding of the
differences between them.

Contributors to SHADOZ for
ozonesonde profile data
A number of stations were operating
in the southern hemisphere tropics
and subtropics, but with differing
frequency and reporting procedures.
SHADOZ was designed to remedy
this data discrepancy by coordinating
launches, supplying additional sondes
in some cases and by providing a
central archive location. Data are
collected in a timely manner and made
openly available through the SHADOZ
Website to the scientific community
as a whole. Several institutions
contribute to the SHADOZ network,
with station facilities and purchase of
ozonesondes. Among the contributors
are NASA, NOAA and MeteoSwiss.

Contributors to NDACC
NDACC changed its name from
Net work for the Detection of
Stratospheric Change in 2005 in order
to reflect the increased breadth of
measurement techniques and related
research. When the network was
planned during the latter half of the
1980s, the focus was stratospheric
ozone depletion. It is evident, however,
that the instruments deployed in
NDACC can address several issues
other than ozone depletion, such
as temperature change, changes
in water vapour and atmospheric
aerosols.
The regions of the atmosphere that
are observed range from the free
troposphere to the mesosphere.
The network consists of more than
70 stations distributed in the two
polar regions, middle latitudes in both
hemispheres and in the tropics. These
stations are operated by institutions
in 21 countries. The observations
and related research are funded
nationally funding and by the European
Commission through the Framework
Research Programmes. NDACC
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Websites related to GAW, NDACC and SHADOZ
Although there are hundreds of Websites relating to WMO/GAW, SHADOZ, NDACC, its partners, and its
products, some of the key sites for additional information are as follows:
WMO/GAW home
http://www.wmo.int/pages/prog/arep/gaw/
gaw_home_en.html

DWD/CHMI
http://www.chmi.cz/meteo/ozon/dobsonweb/
welcome.htm

WMO/GAW strategic plan
http://www.wmo.int/pages/prog/arep/gaw/
gaw-reports.html
Reports #142 & 156

WOUDC
http://www.woudc.org

GAWSIS
http://www.empa.ch/gaw/gawsis

NOAA/GMD
http://www.esrl.noaa.gov/gmd/
IGACO-Ozone/UV
http://www.igaco-o3.fi

NDACC homepage
http://www.ndacc.org

Regional Dobson Calibration Centre for Asia
http://gaw.kishou.go.jp/wcc.html

NDACC Microwave
http://www.iapmw.unibe.ch/research/
collaboration/ndsc-microwave/

Regional Brewer Calibration Centre for Europe, Izana,
Tenerife
http://www.iberonesia.com/rbcce/index.htm

NDACC ozonesondes
http://www.nilu.no/projects/ndsc/sondes.html
NDACC satellite working group
http://www.oma.be/NDSC_SatWG/Home.html
NDACC Theory working group
http://www.see.leeds.ac.uk/ndacc

BESOS campaign
http://croc.gsfc.nasa.gov/besos/
JOSIE
http://www.fz-juelich.de/icg/icg-ii/josie/
NADIR data centre at NILU
http://www.nilu.no/nadir & http://nadir.nilu.no

SHADOZ
http://croc.gsfc.nasa.gov/shadoz

operations started in 1991 and the
number of stations is still increasing.
The main goals of the network are to
provide consistent, standardized, longterm measurements of atmospheric
temperature, trace gases, particles,
ultraviolet radiation and physical
parameters centred around the
following priorities:
•

To s tud y the temp oral and
spatial variability of atmospheric
composition and structure in order
to provide early detection and
subsequent long-term monitoring
of changes in the physical and
chemical state of the stratosphere
an d up p e r tr o p o s p h e r e ; in
particular, to provide the means

to discern and understand the
causes of such changes;
•

To establish the links between
changes in stratospheric ozone,
UV radiation at the ground,
tropospheric chemis tr y and
climate;

•

To provide independent calibrations
and validations of space-based
s ensor s of the atmosphere
and make complementar y
measurements;

•

To suppor t field campaigns
focusing on specific processes
occurring at various latitudes and
seasons;

•

To produce verified datasets
for tes ting and improving
multidimensional models of
both the stratosphere and the
troposphere.

Quality assurance
The primary objective of the GAW
quality assurance system is to ensure
that the data deposited in WOUDC
are consistent, meet GAW dataquality objectives and are supported
by a comprehensive description of
methodology. The system involves
quality assurance/science activity
centres and calibration centres that
ensure the quality of observations
through adherence to measurement
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guidelines established by the Scien
tific Advisory Groups and through
calibrations that are traceable to World
Calibration Standards. The SHADOZ
and NDACC ozonesonde stations,
which largely overlap with the GAW
network, follow the same quality
assurance routines as in GAW.
Long-term education, training, work
shops, calibration station audits/visits
and twinning are also provided to build
capacities in atmospheric sciences in
the GAW network. These capacitybuilding activities are of increased
importance as many GAW stations
in developing countries have become
operational.
GAW procedures address the quality of
an observation through maintenance of
components of the entire measurement
process, from operational procedures
at stations to submission of properly

quality-controlled data to the World
Data Centre. The recommended
GAW principles are as follows (GAW
Strategy of Implementation, 2001,
Report No.142):
•

•

To harmonize measurement
methodology at all stations using
measurement guidelines and
standard operating procedures;
To conduct regular intercomparison
campaigns.

In addition, certain measurement
principles are parameter-specific:
•

Use data-quality objectives specifying tolerable levels of uncertainty,
as well as completeness, comparability and representativeness;

•

Maintain full traceability to the
World Reference Standard for all

measurements made by GAW
global and regional stations;
•

Es t ablish s t andard op er
ating procedures for the
measurements;

•

Maintain a detailed “log-book”
documentation of measurement
methodology and procedures on
instruments, maintenance, and
“internal” calibration.

Data archiving and
processing centres
The six GAW WDCs are each responsible for archiving one or more GAW
measurement parameter(s) or measurement type(s). The data centres are
operated and maintained by their individual host institutions. They collect,
document and archive atmospheric

Daylight lidar measurement carried out at the NDACC station, Alomar Observatory, Andøya, Norway (69°N, 16°E)
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measurements and the associated
metadata from measurement stations worldwide and make these data
freely available to the scientific community. In some cases, WDCs also
provide additional products, including
data analyses, maps of data distribution and data summaries. The most
recent addition to the GAW family of
World Data Centres (WDCs) has been
established at the German Aerospace
Centre. This centre will give one-stop
access to satellite data on atmospheric
composition.

Relevant WMO/GAW Reports
These reports are available for download from the WMO/GAW Web page
http://www.wmo.int/pages/prog/arep/gaw/gaw_home_en.html.
Komhyr, W.D., Operations handbook: Ozone observations with a Dobson
spectrophotometer, Global Ozone Res. and Monit. Proj., Report No. 6,
WMO, Geneva, Switzerland, 1980.
Report of the Tenth WMO International Comparison of Dobson
Spectrophotometers, WMO/GAW Report No. 108, 1996.
Repor ts on WMO International Comparisons of Dobson
Spectrophotometers, WMO/GAW Report No. 138, 2001.

Data analysis, distribution
and application

Strategy for the Implementation of the Global Atmosphere Watch
Programme (2001-2007), A Contribution to the Implementation of the
Long-Term Plan (WMO/TD-No. 1077) pdf (437 kb)

GAW Station Information
System (GAWSIS)

WMO GAW International Comparisons of Dobson Spectrophotometers
at the Meteorological Observatory, Hohenpeissenberg, Germany, WMO/
GAW Report No. 145, U. Köhler, 2002.

The Swiss Federal Laboratories for
Materials Testing and Research hosts
the GAWSIS Website (http://www.
empa.ch/gaw/gawsis). This is a useful tool for obtaining an overview of
the GAW system. It contains detailed
information on measurement programmes, contact persons, exact
location of stations and a direct link to
the ozone data stored at WOUDC.

Comparison of total ozone measurements of Dobson and Brewer
spectrophotometers and recommended transfer functions, J. Staehelin,
J. Kerr, R. Evans and K. Vanicek, GAW Report No. 149, WMO, Geneva,
2003.
Current activities of the Global Atmosphere Watch Programme (as
presented at Cg-XIV, May 2003) (WMO/TD-No. 1168) pdf (404 kb)
Addendum for the period 2005-2007 to the Strategy for the implementation
of the Global Atmosphere Watch Programme (2001-2007), WMO/GAW
Report No. 142, (WMO/TD-No. 1209) PDF (277 kb)

World Ozone and Ultraviolet
Radiation Data Centre
From this Website (http://www.woudc.
org), anyone can access measurement
data that have been contributed by
ozone stations throughout the world.
Users are requested to note that they
should properly reference the data
if they use or publish them by citing
the contributors and the source of
the data. Some examples of data
distribution products are:
•
Searchable station directory and
metadata
•
Downloads of all data collected
by WOUDC
•
Gr ap hi c al p r e s e n t a tion s of
all WOUDC data (updated
monthly)
•
WOUDC data summary
•
Monthly updated master file
that contains all total ozone data
received by WOUDC.

The Integrated Global Atmospheric Chemistry Observations (IGACO)
Report of IGOS-WMO-ESA (September 2004) (WMO/TD-No. 1235) pdf
(22.9 MB) (Warning: large file)
WMO/GAW Strategic Plan 2008-2015, in preparation.

•

Utility for producing maps of sta
tions that fulfil certain criteria

Data are stored in ASCII format and are
easy to import into various programs,
such as Excel.

SHADOZ data archive
The SHADOZ Website (http://croc.
gsfc.nasa.gov/shadoz/) gives easy
and open access to the all the data
collected from the SHADOZ network.

A clickable map of the stations leads to
the database where one can download
data or look at ready-made plots.
The data are stored in a simple selfexplanatory ASCII format.

Data archive of NDACC
The NDACC data protocol states that
investigators should submit data
within one year of the measurement.
The data will then reside for one year
in a limited-access part of the data
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centre. After that, it is copied to an
anonymous ftp site for public access.
Investigators can, of course, tell the
data centre manager to make data
available earlier than required in the
data protocol. This arrangement is
put in place so that data providers
have time to calibrate and validate
their data. The data are stored in ASCII
format and can be accessed through
the NDACC Website (http://www.
ndacc.org).

Other data centres
The British Atmospheric Data Centre
(http://badc.nerc.ac.uk/home/index.
html) contains a copy of the NDACC
data centre.
The Nor wegian Institute for Air
Research collects ozonesonde data
from European ozonesonde stations
in near-real-time (same day), converts
them to the CREX code form and
passes them on to the European
Centre for Medium-Range Weather
Forecasts.

WMO Secretariat
At the request of CAS, GAW has
produced bi-weekly Antarctic ozone
bulletins during the ozone hole season
from August to December every year
since the late 1980s. The Arctic ozone
bulletin has been issued annually since
2006. These bulletins make extensive
use of both near-real-time data and
long-term climatological data from a
number of GAW and NDACC stations.
Satellite data are also used.

Development activities
Ongoing activities
GAW partners all aim to improve
applications of the database.
These improvements are related to
evolving scientific questions. The
standard operating procedures of
Dobson instruments are currently
being updated and those for Brewer
instruments and electrochemical
sondes are nearing completion. In

addition, the collaboration between
the Ozone SAG and the NDACC
Steering Committee is planned to
be improved.

Planned activities
As noted earlier, the GAW network
continues to expand with scientific
needs, in collaboration with SHADOZ
and NDACC. An important research
topic concerns documenting the effect
of the reduction of ozone-depleting
substances on the ozone layer. While
the decrease in anthropogenic ozonedepleting substances, enforced
by the Montreal Protocol, is well
documented through their decreasing
concentrations in the troposphere,
their influence on the ozone layer
is much more difficult to quantify.
Further activities aiming at integrating
ground-based, satellite and regular
aircraft measurements are planned
for IGACO-Ozone/UV, for which the
implementation plan is currently
under review.
In order to obtain high- qualit y
global ozone datasets from satellite
instruments suitable for long-term
trend analysis, the validation of
satellite by high-quality ground-based
measurements has high priority.
Historically, GAW was more involved
in the qualit y assurance / qualit y
control of ground-based data. By
implementing IGACO, WMO becomes
more involved in the comparison of
satellite and ground-based ozone
measurements.
NDACC is now put ting more
emphasis on water vapour in the
free troposphere, s tratosphere
and mesosphere. There are large
uncer tainties around the trend
of s tratospheric water vap our,
with satellite data and frost-point
hygrometer data giving opposite
results for the last few years. Water
vapour is already measured by some
microwave instruments and some
lidar systems. However, there is a
need for balloon soundings to collect
data in the upper troposphere and
lower and middle stratosphere.
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Challenges to hydrological
observations
by Harry F. Lins*

Wa te r ’s u n i q u e n e s s a s t h e
fundamental limiting re sourc e
makes it a persistent aspect of
political discourse. It is not surprising,
therefore, to see recurrent surges of
publicity attend water resource issues
as chronic problems persist and
troublesome new patterns emerge.
Over the past decade, a number of
challenges have been highlighted by
governmental and non-governmental
water organizations, advisory bodies,
resource-management institutions
an d the s c ie n ti f i c c ommuni t y.
These include ensuring: a secure
water supply—for drinking and
sanitation, irrigated agriculture,
aquatic ecosystems and economic
development; the development and
maintenance of an infrastructure to
manage risks associated with floods,
droughts and pollution events; and
collaboration across sectors and
boundaries; and creating public
awareness and understanding of the
limitations of the resource (Agarwal
et al., 2000).
Curiously, however, what may be the
most critical burgeoning challenge
associated with water resources has
received relatively minor attention, i.e.
ensuring the adequacy, consistency
and long-term maintenance of high-

*	Hydrologist, Office of Surface Water, US
Geological Survey, Reston, Virginia, USA

quality hydrological observations.
Regardless of the specific water
concern, ef fective and ef ficient
monitoring of the quantity and quality
of the resource (on the surface, in the
ground, at an appropriate frequency
and for a suitable time period) is a
requisite. This article highlights some
of the more notable concerns currently
facing National Services that collect
and manage hydrological data. For
many National Services, these issues
are particularly worrisome because
of the unique role they play in the
development and validation of new
monitoring approaches, as well as
in the management of monitoring
networks within their respective
nations.

Network declines
The most widely discussed and
documented challenge facing
hydrological observations in recent
years has been the persistent and
pervasive trend toward declining
networks. It is also a problem that
impacts other challenges described
in subsequent sections. Widespread
fiscal constraints at the national level,
coupled with political and institutional
instability nationally and regionally,
are generally cited as the cause. Yet
the problem is not unique to poor or
developing nations. Indeed, it is a
significant issue in many developed
countries. In the USA, for example,

160
140
120
100
80
60
40
20
0

1980
1981
1982
1983
1984
1985
1986
1987
1988
1989
1990
1991
1992
1993
1994
1995
1996
1997
1998
1999
2000
2001
2002
2003
2004
2005

Introduction

Number of streamgauging stations with more than 30 years of record lost annually in the
USA, 1980-2005

WMO Bulletin 57 (1) - January 2008 | 55
Bull_57_1_inside_E.indd 55

2/13/08 12:05:07 PM

more than 2 200 long-record stream
gauging stations were lost between
1980 and 2005, even though the
total number of stations in operation
remained relatively constant at about
7 000 (USGS, 2007). In this case,
the problem was not an absolute
loss of stations, but rather a more
insidious loss of stations having at
least 30 years of record. These are
exactly the stations most needed
for meaningful flood and low-flow
frequency analyses, as well as for
evaluating hydrological patterns
and trends in the context of climatic
variability and change.
Another example of net work
decline that is adversely affecting
investigations of climate-related
trends is in the pan-Arctic region,
where Shiklomanov et al. (2002)
repor ted that the number of
hydrological stations had recently
declined to that of the early 1960s.
In Ontario, Canada, 67 per cent of
river gauges were closed between
1986 and 1999, while, in the far east
of Siberia, 73 per cent were closed
during the same period.
These are troubling patterns because,
even if stations can be re-opened or
replaced at some point in the future,
the break in long-term observations
adversely affects our ability to develop
robust statistics that are dependent
upon consistent multi-decadal to
centennial records.

You can’t manage what you don’t measure.
Anonymous

and water supply forecasting to
contaminant transport and aquatic
habitat research. Many of the data
have intrinsic utility, as collected,
in many applications. River stage
measurements at specific locations
in real- or near real-time, for example,
are perfectly suited to operational
flood forecasting at or near those
locations.
A number of applications, however,
are constrained to use data that are
not optimal for the intended purpose.
A vexing current example is the use
of mean daily and mean monthly
discharge at stations having less
than 30 or 40 years of record in the
analysis of long-term trends that may
be related to climatic change. Clearly,
a meaningful assessment of such
trends requires records of at least
100 years in length, particularly given
the widespread appearance of longterm persistence in streamflow records
(Cohn and Lins, 2005; Koutsoyiannis,
2003). Unfortunately, very few stations
worldwide provide such records. This
is also true for analyses of changes in
the frequency and severity of floods

and droughts that require specific
information on precipitation and
discharge ex tremes, monitored
systematically and consistently over
very long time periods in a wide range
of hydroclimatic settings.
Other problems, such as non-point
source contamination of streams due
to nitrate-, pesticide-, and sedimentladen runoff can require hourly data
because such contamination is closely
associated with the timing of storms
and resultant runoff. Moreover, issues
such as these are complicated by the
additional need for data at numerous
spatial scales, because land use and
farming practices exert a marked
influence on the local variability in
contaminant loading.
Currently, water-quality constituents
are only sparsely monitored in both
space and time, as this t ype of
monitoring is generally much more
expensive than streamgauging,
because samples must be chemically
analysed in laboratories. Clearly,
therefore, matching the data being
collec ted to the problem being

Cl e ar l y, s tr a te gie s ne e d to b e
developed and implemented that
preserve long-record hydrological
stations in areas of vital national and
international interest and that expand
the number of stations in areas that
currently are not monitored or that
are inadequately monitored.

Matching the data
collected to their
intended use
Hydrological data are used for many
purposes, from hazard warning

Collecting a water sample
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addressed requires observational
systems that operate consistently
and reliably over very long and very
short time-scales and at large to small
spae-scales: a daunting and expensive
prospect.

Enhanced hydrochemical
and hydrobiological
monitoring
As understanding of the interactions
of physical, chemical and biological
processes in water has expanded
over the past four decades, so too has
the complexity of the monitoring of
these processes. Whereas, prior to the
early 1960s, hydrological monitoring
focused primarily on streamflow,
sediment transport and groundwater
levels, the emphasis has shifted today
toward water quality as the problems
associated with contamination have
become more manifest. This shift has
dramatically expanded the number of
variables being observed, particularly
of anthropogenic compounds in water
and sediment, as well as aquatic
organisms.
Increasingly, National Hydrological
Services and related environmental
services are being charged with

providing obser vational data to
suppor t national water- qualit y
regulations, restoration of aquatic
ecosystems impacted by agriculture
and the promotion of water resources
sustainability (National Research
Council, 2004). Providing the kind of
enhanced chemical and biological
observations necessar y to meet
these demands remains a challenge.
Moreover, innovative techniques that
are scaled appropriately for application
to subcontinental watersheds are
required and, unfortunately, such
large-scale monitoring strategies
are not yet mature enough to meet
many current problems, much less
new ones.

Data warehousing
and dissemination
The increasing volume and types
of hydrological information being
transmitted to, and stored in, data
centres increasingly in real- or nearreal-time is creating significant
problems related to data warehousing
and dissemination. In nearly all nations,
hydrological data are collected by more
than one agency and often at different
levels of government, from national
to provincial to local. Typically, these

arrangements have long historical
precedents and result in widely
varying capabilities for supporting
user needs and with different rules
for making data available.
Invariably, researchers and other data
users find it difficult to locate and
obtain consistent and comparable
data, even within a single country.
Given that the prospects are low
for seeing a dramatic change in this
situation in the near term, it would
be particularly helpful if National
Hydrological Services could develop
online por t als to their various
hydrological databases.
No less a challenge is the free
and unrestricted dissemination of
hydrological data and information.
National data policies often restrict
data dissemination to regional or
international data centres and, in many
instances, require the data centre to
obtain approval prior to providing data
to requesting parties. The exchange
of hydrological data is further com
plicated by non-standardized data
formats and exchange protocols, as
well as incompatibility in database
standards and modes of access.
With an eye to removing barriers
to data exchange, Thirteenth World
Meteorological Congress (1999 )
adopted a resolution on the exchange
of hydrological data and products that
provides an international reference in
defining and implementing policies for
the exchange of data and information.
Even so, access to hydrological data
is highly variable and fragmented,
despite the encouraging services
provided by organizations and
activities such as the Global Runoff
Data Centre and the Global Terrestrial
Network.

Accounting for
uncertainties in
methods and networks

Making a discharge measurement

Quantif ying the unc er t aint y in
hydrological predic tions and
accounting for this uncertainty in
subsequent decision-making are
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a essential aspects of operational
modelling and research. The primary
sources of modelling uncertainty
are the dat a, in terms of their
spatial and temporal fidelity and
representativeness, and the model
ling approach itself. Thus, accounting
for the uncertainties associated with
monitoring methods and networks
is critical to reducing predictive
uncertainty.
Given that hydrological forecasting
relies heavily on measurements
of multiple hydrological variables
taken over long periods of time,
decreases in the size and density of
monitoring networks (as noted earlier)
will necessarily increase forecast
uncertainty. This points to a clear need
for procedures to rescue and augment
data. There is also a growing need for
methods to validate and estimate the
uncertainty of remotely sensed data,
as these are becoming increasingly
important contributors to hydrological
analyses.

Conclusion
H ydr olo gi c al ob s er va tion s ar e
inseparable from the uses to which
they are put. They are central to
addressing water resources problems
related to floods and droughts,
agricultural sustainability and global
climate change. The challenges

to hydrological observations are
daunting and include declines in
monitoring stations, particularly long
record stations; frequent mismatches
between the types of data being
collected and the uses to which they
are being applied; significant growth
in the number of monitored variables
and the complexity of problems being
addressed, particularly with respect to
biological issues; difficulties in making
the increasingly large amounts of
data available quickly and efficiently;
and the inveterate need to reduce
predictive uncertainty by accounting
for uncertainties in observing methods
and networks.

National Research Council, 2004: Con
fronting the Nation’s Water Problems:
The Role of Research, Washington,
DC, The National Academies Press.
Shiklomanov A.I., R.B. L ammers and
C.J. Vörösmarty, 2002: Widespread
decline in hydrological monitoring
threatens Pan-Arctic Research, EOS
Transactions, American Geophysical
Union, v. 83, no. 2, pp. 13,16,17.
US Geological Survey, 2007: Trends in
the size of the USGS streamgaging
network,
National
Streamflow
Information
Program
(NSIP)
Website (http://water.usgs.gov/nsip/
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Fifty years ago ...
article is to describe the work of the
MDC, which is in fact unique in the
history of meteorology ...

Two members of the staff of the International Geophysical Year Meteorological Data
Centre in the process of checking and registering some of the IGY forms which were
arriving at the rate of several hundreds per day.

The contents of the January 1958
Bulletin covered the International
Geophysical Year Meteorological
Data Centre at work, meteorology and
crop protection and the presidential
address at the second session of the
Commission for Aerology entitled
“The conquest of the third dimension”.
The ninth session of the Executive
Committee, the second session of
the Commission for Bibliography
and Publications and a seminar on

hydrological forecasting and the water
balance were also reported on.

The IGY Meteorological
Data Centre at work
… the IGY Meteorological Data Centre
(MDC) … was set up in the Secretariat
of WMO in Geneva towards the end
of 1956. The object of the present

*	A fuller ac count of the Januar y Bulletin 5 0 year s ago is available in the
F e b r u a r y 2 0 0 8 e d i t i o n o f M e t e oWo r l d o n t h e We b : h t t p : / / w w w.w m o .
int/pages/publications/meteoworld/_en/index_en.html

... the MDC is a service set up by WMO
for the benefit of research workers.
Its success depends not only on the
readiness of meteorological services
to send their data to the Centre—and
this is already assured—but also on
there being a sufficient demand for
the Centre’s publications. The IGY
provides a unique opportunity for
meteorological services, universities
and research institutes to obtain a
truly worldwide set of checked
meteorological data in a standard
form for a period of 18 months and
it must be the hope of all concerned
that this opportunity will contribute
to solving many of the outstanding
problems in meteorology ...

The conquest of the
third dimension—Part I
Presidential address at
the second session of the
Commission for Aerology
(Paris, June-July 1957)
Present-day science has so thoroughly
al te r e d the wor ld, te c hn olo g y
has a chieved such remar kable
advances during these past few
years, discoveries have followed on
another at such a rapid rate, that it is
sometimes wise to step aside from
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the disorderly road of progress and
glance backward in order to measure
the dis tance covered, consider
recent developments and put our
ideas in order. In this manner, we
perceive, among other things, that the
fundamental problems that arise are
nearly always the same and that those
that we imagined were new are most
frequently old problems for which
the ever-increasing possibilities of
modern technique afford unexpected
solutions ...
In these times, it is difficult for us
to imagine the sensation caused in
the scientific world by the invention
of the barometer during the middle
of the 17th century. By his famous
experiment in 1643, Torricelli (16081647) actually demonstrated that the
air possessed weight, whereas up
till then it had always been thought
that the atmosphere was a medium
without substance ...
On 1 December 1783, Charles (17461822), the inventor of the hydrogen
balloon, made an ascent from the
Jardin des Tuileries, taking with
him a barometer and a mercur y
thermometer. This first free balloon
ascent was the starting point for
the scientific exploring of the free
atmosphere. The science of aerology
was born ...
In 1852, John Welsh carried out four
carefully prepared ascents. He was
the first to employ a thermometer
artificially ventilated by hand bellows.
Unfortunately, Welsh’s successors
did not realize the imperative need
to aspirate thermometers if the
indicated temperature were to be
the true air temperature. This lack of
appreciation was fatal to the progress
of aerology and it was only after a
lapse of 45 years, i.e. at the end of the
19th century, that it became possible
… to form an accurate idea of the
vertical distribution of temperature
in the atmosphere ...
Shortly after 1880, meteorologists
realized the need for completing
ground observations by those taken

in the free atmosphere. The increasing
interest shown in flying, which began
at about the same time, was bound to
favour the development of sounding
techniques. The International
Meteorological Committee, meeting
at Uppsala in 1894, recognized the
impor tance of manned and free
balloons for studying the physics of
the atmosphere ...
The first simultaneous international
ascents of free and manned balloons
organized by our commission were
those of 14 November 1896 at Paris,
Strasbourg, Munch, Berlin, Warsaw
and St Petersburg. Thus, 14 November
1896 became the first International
Aerological Day. Up to the Second
W o r l d W a r, o u r c o m m i s s i o n
perseveringly and methodically
continued to organize simultaneous
international sounding campaigns. In
this connection, we would recall the
1932-1933 Polar Year campaigns. The
last one was that of the International
Day of April 1939.
At its inception, 60 years ago, the
aerological network thus included
only six stations, stretching from Paris
to St Petersburg. A mere glance at
the aerological charts that are now
analysed daily by all meteorological
services will show the progress that
has been made since 1896.

Meteorology and
crop protection
The development of meteorology
and of crop protection as organized
sciences began at about the same
time 10 0 years ago. The initial
stimulus in the case of meteorology
was disasters at sea and the need for a
warning service of storms dangerous
to shipping. Disaster on land ... played
a similar role in giving birth to modern
plant protection ...

occupied with rapid developments in
their own science with the demands
of two successive world wars and
with the claims made on them by the
phenomenal growth of civil aviation.
Only in the last few years have the
meteorologists at last been able to
lift their noses from the aeronautical
grindstone and turn some of their
attention again to wider horizons.
To this new field of agricultural
meteorology—or more correctly, to
this old field revisited—they bring the
progress in knowledge, equipment
and organization which resulted from
the stimulus of the aviation challenge
...
Much new light has been thrown on
the life cycle of many plant pathogens
and pests and on their reactions
to environmental conditions. The
organization of plant protection has
made enormous strides. The realization
that for diseases and noxious insects,
just as for the weather, no borders
exist and that there is a consequent
need for combined international work,
spread at first rather more slowly in
the case of crop protection than of
meteorology but has progressed
rapidly in recent years. ...
The challenge to meteorology of
modern agriculture can no longer
adequately be met by a part-time
sub s e c tion of c lima tolo g y bu t
requires the active participation of
the synoptician, upper-air analyst,
long-term forecaster and research
meteorologist. If even a proportion
of the meteorological efforts which
have so successfully been applied to
solving the problems of aviation were
now devoted to those of agriculture,
which are no less important, the
promise of agricultural meteorology
could quickly ripen into triumphant
achievement ...

Almost all the initial work on this
subject was carried out by crop
protection specialists because the
meteorologists were at that time fully
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Obituaries
Bert Bolin

The year 2007, which had thus far
been so propitious to the international
climate change scientific community,
t han k s to t h e a p p r oval o f t h e
Fourth Assessment Report of the
Intergovernmental Panel on Climate
Change (IPCC), the award of the
Nobel Peace Prize to the IPCC and
the auspicious roadmap agreement
reached at the UNFCCC’s COP-13
in Bali, among other landmarks,
concluded for us all very sadly on
30 December with the death, in
Stockholm, of Bert Bolin.
Bert Bolin was born in Sweden on
15 May 1925 and for almost 60 years
was a figure in the forefront of global
weather and climate research. In the
beginning, his interests focused on
numerical weather prediction and
the use of mathematical models to

describe large-scale atmospheric
dynamics. In 1947, he was a doctoral
student with Carl-Gustaf Rossby’s
numerical weather prediction group at
Stockholm University. Subsequently,
he moved to the USA, to join Jule
Charney’s group at the Princeton
Institute for Advanced Studies, whose
supervisor John von Neumann was
in charge of the project to develop
an electronic computer.
Bert then returned to Stockholm
and participated in setting up the
operational numerical forecasting
system that delivered the first set
of truly functional forecasts ever
made on an electronic computer.
Through a series of papers published
in Tellus , he demons trated the
superior per formance of the
numerical forecasting methods when
compared to the more traditional
ones. Bert Bolin used these results
and his s tudies of geos trophic
adjustment processes relevant to
data assimilation to complete a
PhD thesis, which he defended
successfully at Stockholm University
in 1956. Following Rossby’s death in
1957, Bolin was appointed Director
of the International Meteorological
Institute in Stockholm and, in 1961,
became Professor of Meteorology at
Stockholm University.
His post-doctoral research shifted
towards biogeochemical cycles and,
in particular, to the carbon cycle,
since he pioneered studies of carbon
modelling to calculate the lifetime

of carbon in the atmosphere, a
crucial step in understanding how
changes in the use of fossil fuels can
affect atmospheric greenhouse-gas
concentrations. Together with Erik
Eriksson, he developed predictions
of the atmospheric carbon dioxide
content for the end of the 20 th
century. Thereafter, the carbon cycle
and climate change would remain at
the centre of Bert Bolin’s attention for
the remainder of his career.
A t t h e s a m e t im e, h e b e c a m e
involved in the international
organization of research activities.
In par ticular, in the 1960s, Ber t
was instrumental in establishing
the Global Atmospheric Research
Programme (GARP) and organizing
the GARP Study Conference held in
Skepparholmen (Sweden) in June/
July 1967. This was the starting point
for this extensive and now almost
legendary international research and
observation collaborative campaign
to better comprehend atmospheric
circulation and climate dynamics.
Bert served as the inaugural chairman
of the WMO-International Council
for Science (ICSU) Joint Organizing
Committee (JOC) for GARP from
1968 to 1970 and remained a member
of the JOC for another six years.
In particular, the development of
climate models was already seen
as a prere quisi te for a de ep er
understanding of climate change.
These initiatives contributed to the
formation in 1980 of the World Climate
Research Programme (WCRP), under
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the joint sponsorship of WMO and
ICSU.

degree, in terms of the global climate
system.

esteem for Bert Bolin and his scientific
legacy.

During the period 1965-1967, Bert
Bolin wa s app ointe d s cientif ic
direc tor of the newly formed
European Space Research
Organization, the precursor of the
European Space Agency (ESA) and
contributed to the development of a
scientific strategy for the European
space programme. Earlier in the
1960s, Bert had taken the initiative
to set up a rocket-based research
project through the Meteorology
Department at Stockholm University,
using infrastructure provided by
the Swedish Air Force, to study the
chemistry and physics of the upper
atmosphere. One of Bert’s doctoral
students in those years was the 1995
chemistry Nobel Prize recipient Paul
Crutzen.

When WMO and the United Nations
Environment Programme set up
the IPCC in 1988, Bert Bolin was
appointed its first Chairman. He
served as such for the IPCC’s first
10 years (1988-1997), as the Panel
successfully completed its First
Assessment Repor t in 1990 and
its Second Assessment Report in
1995. Even after his retirement, he
continued to take an active interest
in the IPCC and to contribute actively
to its work through the documentreviewing process leading to the
Third ( 20 01) and Four th ( 20 07)
Assessment Reports.

During his lifetime, Bert Bolin was a
member of several scientific academies
and the recipient of numerous scientific
awards and honours, including
WMO’s International Meteorological
Organization Prize (1981), the CarlGustaf Rossby Research Medal (1984),
the Tyler Prize for Environmental
Achievement (1988) and the Fourth
Blue Planet Prize of the Asahi Glass
Foundation (1995), among many
others. Bert Bolin based his entire
academic and research career at
Stockholm University, where he was
Professor of Meteorology from 1961
to 1990, except for visits abroad as a
guest scientist. His abilities to lecture,
to write and to pursue interdisciplinary
science were a model to many of his
colleagues and disciples. His loss is
deeply felt.

In 1972, Ber t Bolin contributed
to organizing the United Nations
Conference on the Human Environ
ment, also known as the Stockholm
Conference, which, among other key
issues, addressed acidification. The
climate change problem was also
taken up in the 1970s through Bert
Bolin’s efforts, but he became aware
that additional evidence would be
re quired to convinc e de cision makers and society at large, in the
sense that the increasing levels of
atmospheric carbon dioxide were
becoming a potential threat for the
future of our environment.
However, during the early 1980s, Bert
successfully increased his personal
ef for ts in dif ferent international
forums to highlight the need to better
integrate multidisciplinary research
in meeting the climate challenge.
The creation of GARP, WCRP and
the International GeosphereBiosphere Programme were all
important steps in this direction,
but he became further convinced
that, to get the message across, a
thorough assessment effort would
be required to draw authoritative
conclusions on what was known
and what yet unknown, and to what

Bert drove the IPCC with passion
through its formative years and
shaped its ethos of commitment to
“policy-neutral but policy-relevant”
science. It was Bert’s meticulous
commitment to keeping the IPCC
focused on scientific assessment
and avoiding politics that gained the
IPCC the almost universal respect
for scientific integrity that made its
reports so valuable to governments
worldwide.

Erland Källén and
Henning Rodhe

Anthony (Tony)
Hollingsworth

I n O c t o b e r 2 0 0 7, o n c e i t w a s
announced that the Nobel Peace
Prize would be awarded to the IPCC
and Albert Gore Jr “for their efforts
to build up and disseminate greater
knowledge about man-made climate
change, and to lay the foundations
for the measures that are needed
to counteract such change”, Bert
was pleased to receive Mr Gore’s
call congratulating him whom he
considered the initiator of the global
efforts that had led to the award.
In mid-December 2007, only a few
days before Bert Bolin died, Mr Gore
and the present IPCC Chairman,
Rajendra Pachauri, delivered lectures
to the Swedish parliament. They both
stressed that, without Bert Bolin, the
IPCC would not have been what it is.
Bert Bolin was present on this moving
occasion, which underlined even
further the enormous international

Tony was born in Dublin on 6 July 1943
and died on 29 July 2007, whilst on
holiday in Galway. He was immensely
proud of his Irish background. After
graduating from University College
Cork with a first class honours degree
in mathematics, Tony joined the
Irish Meteorological Service in 1965
and trained to become a certified
meteorologist.
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Tony’s first “hands on” job was at
Shannon Airport, where he became
an aviation and general forecaster. One
of his more interesting summer tasks
was to prepare regular route forecasts
for a US team flying an old Catalina
on round-trips from Shannon taking in
Keflavik and Narssarssuaq (Greenland).
In his “leisure time”, Tony followed a
masters course in pure mathematics
at the University of Cork.
After a few years in the Meteorological
Service, Tony joined the Massachusetts
Institute of Technology to study for
a doctorate in meteorology and was
research assistant to two of the
founding fathers of modern numerical
weather prediction (NWP), Ed Lorenz
and Norman Phillips, who supervised
his thesis on “Effects of ocean and
solid earth tides on the semi-diurnal
lunar air tide”. Tony received his PhD
in 1970. He felt that the intellectually
robust discussions that he had with
“Norm” during his student days
prepared him well for committee work
in international milieux.
After a spell at the Department of
Atmospheric Sciences at Oregon State
University, Tony returned to Europe in
1971. He joined the UK Universities’
Atmospheric Modelling Group at the
University of Reading as a research
fellow and founder member with Brian
Hoskins and Eli Doron.
Tony applied for a post at the European
Centre for Medium-Range Weather
Forecasts (ECMWF) in November 1974.
He, like me, had heard the talks given
by Aksel Wiin-Nielsen and Lennart
Bengtsson (subsequently, the first
and third Directors of ECMWF) on the
preparations being made to establish
ECMWF. We both keen to see the day
when weather forecasts would cease
to be a joke for the public at large and
we knew that improved global NWP
was the key. The ECMWF plans looked
realistic with the added advantage
that there was no model or analysis
system (data assimilation system).
Tony started work at ECMWF on
1 March 1975 and I joined two months

later. The first two years were hectic
for both of us. Tony was posted for
a few months to the Geophysical
Fluid Dynamics Laboratory (GFDL)
in Princeton to work with the GFDL
global climate model, which he
transferred to ECMWF’s first computer
system. He and his small team
eventually got it to work on the very
slow computer and produced a few
global forecasts. This relaxed learning
period came to an end in 1976 as the
target to develop and implement a
full operational forecasting system by
mid-1979 became firmly embedded in
the Centre’s planning documents.
From 1976 until his retirement in 2003,
Tony worked on virtually every aspect
of NWP, heading in turn the Physical
Aspects Section and the Data and
Model Divisions of the Research
Depar tment. He was appointed
Head of Research in 1991 and Deputy
Director in 1995. In addition, Tony
made many personal contributions
to the science of NWP that led to
major improvements to the ECMWF
global forecasts. For ECWMF, I believe
that the two most important were as
follows.
•

•

His contribution to the identifi
cation of serious systematic model
errors as a major component of
the total error of the Centre’s
first forecasts. This work set the
agenda; it provided the tools and
even set the style for modelling
work for the whole of the 1980s;
His studies of the errors of the
observing system and of shortrange forecasts. This provided
tools, which are in use today, to
monitor the performance of the
observing system and the basis
for the improvement of data
analysis and data assimilation,
thereby increasing the accuracy
of initial conditions.

Tony believed that the job was
not complete until the paper was
published and he was involved,
often with others, in publishing more
than 100 reports and papers: many

young scientists learnt how to write
up their work under Tony’s guidance
or example.
Tony stepped down as Head of
Research and Deputy Director on
his 60th birthday, but real retirement
was not what he had in mind. He was
keen to run the Europe-wide Global
Environment Monitoring System
(GEMS) project, which is concerned
with global and regional Earth-system
monitoring using satellite and in situ
data. Tony stayed on at ECMWF to lead
GEMS with vision and dedication.
Tony was an important player also on
a wider international stage, fostering
extensive collaboration with space
agencies worldwide. Also, he worked
in suppor t of the World Climate
Research Programme, the Global
Climate Observing System, the US
National Academy of Sciences and
the American Meteorological Society
(AMS). He was a recipient of the Jule
G. Charney Award from the AMS, and
a DSc from the University of Cork for
his contributions to NWP.
Tony was initially “blind” to the
potential of four-dimensional varia
tional data assimilation which is now
the cornerstone of modern NWP
systems. When it became clear,
however, that the variational approach
improved the use of satellite data, he
became an enthusiastic convert.
Tony and I worked together at ECMWF
for almost 30 years and, despite
competing for the same post from
time to time, we maintained a strong
friendship. With many others, we
were part of the successful team
that revolutionized NWP. We have
lost an energetic and hospitable
friend and colleague and the wider
weather community has lost a great
scientist.
Tony is survived by his wife Breda and
his children Cormac and Deidre.
David Burridge
Director of ECMWF,
January 1991-June 2004.
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William James Burroughs

William James Burroughs, Bill to
family and friends, wrote prolifically
and enthusiastically about science,
for which he had a lifelong passion. In
the commonly used parlance of today,
he continued to “make a difference”
after formal retirement from the civil
service.
Born in Surrey, United Kingdom, on
11 May 1942, where he lived for most
of his life, Bill studied at the Royal
Grammar School, Guildford. His
fascination with the weather really
began while at Oxford University,
as he skated on the River Cherwell

during the long, hard winter of
1963. At the time, there was some
speculation that the world was
experiencing a period of global
cooling. His subsequent career began
in research at the National Physical
Laboratory. Bill attained an MSc
then a PhD in Infrared Physics and
Atmospheric Physics from London
University. From 1971, Bill served his
Government in various capacities,
as First Secretar y (Scientific) in
the British Embassy in Washington
DC, spe cializing in energy and
environmental issues, as Principal
Private Secretary to Tony Benn and
then David Howell and, finally, as
Head of International Relations for
the Department of Health.
An excellent communicator, Bill
had, by the end of his c are er,
published 12 books on the subject
of weather cycles and the impact of
climate change, together with over
200 articles and papers for, amongst
others, The Times, The Independent,
The Guardian and The New Scientist.
In 2005, he received the Michael Hunt
Award from the Royal Meteorological
Society for excellence in increasing
the understanding of meteorology
among members of the general
public.

In the late 1990s, WMO embarked on
a bold undertaking to describe, in one
volume, as much as possible about the
climate of the 20th century and show its
relevance to understanding potential
climates of the 21st century. Bill was
the writer and editor who pulled it all
together. His wide experience with
science writing and writing about
weather and climate, in particular,
enabled the publication (in 2003) of a
comprehensive and highly readable
book, published jointly by WMO and
Cambridge University Press, entitled:
Climate: into the 21st century. The New
Scientist review of the book said:
“There is probably no more complete,
single popular volume on where we
are with our weather. Edited by Bill
Burroughs, a meteorologist noted for
his caution about the crasser views
of our climatic future, its predictions
carry greater weight.” WMO and the
task team who oversaw the whole
project remain indebted to Bill for his
contribution to its success.
W illiam Burroughs, writer and
scientist, died on 22 November 2007.
He is survived by his wife, his son and
his daughter.
Mary Voice
Leslie Malone
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News from the
WMO Secretariat
Visits of the
Secretary-General
The Sec re tar y- General, Mic hel
Jarraud, recently made official visits
to a number of Member countries as
briefly reported below. He wishes
to place on record his gratitude to
those Members for the kindness and
hospitality extended to him.

Society (EMS) Annual Meeting and
Eighth European Conference on
Applications of Meteorology, which
were held jointly over the period
1-5 October 2007. The focus of the
EMS meeting being on high-impact
weather, Mr Jarraud delivered a
strategic lecture in the form of a
presentation highlighting WMO
disaster-risk reduction policy and
activities.

Spain

United Kingdom

On 1 October 2007, the SecretaryGeneral visited San Lorenzo de El
Escorial, on the occasion of the
Seventh European Meteorological

In London, from 1 to 3 October
2007, the Reuters Environmental
Summit gathered senior business
leaders, investors, decision-makers

San Lorenzo de El Escorial, Spain, 1 October 2007 — A press conference during the
Seventh European Meteorological Society (EMS) Annual Meeting and Eighth European
Conference on Applications of Meteorology (from left to right): John Zillman, former
President of WMO; Michel Jarraud, Secretary-General of WMO; David Burridge,
President of EMS; Jose Antonio Maldonado, a Spanish broadcast meteorologist and
President of the Meteorological Society of Spain; and Ángel Rivera, Communications
Manager at the Spanish National Institute of Meteorology

and international officials, in order
to focus on environmental issues
and thereby provide an accurate
analysis to better inform the public.
The Secretary-General participated
in the Summit on 2 October and
briefed par ticipants on WMO’s
climate-related activities, in particular
through several in-depth discussions
and interviews with different Reuters
correspondents. The talks centred
mainly on climate-change issues and
the role of WMO.

UN New York
On 8 October 2007 in New York, the
Secretary-General participated in
the fifth session of the Management
Oversight Board of the International
Strategy for Disaster Reduction
(ISDR), which was chaired by Sir
John Holmes, UN Under-SecretaryGeneral for Humanitarian Affairs and
Emergency Relief Coordinator, as
head of the ISDR System. Mr Jarraud
highlighted WMO recommendations
pertaining to cooperation among the
UN system agencies concerned and
activities organized to facilitate joint
planning in the implementation of
the Hyogo Framework for Action and
disaster-risk reduction at the national
and regional levels.

Serbia
T he S e c r e t ar y- G e n e r al v i s i te d
Belgrade on 11 October 2007, to
participate in the Sixth Ministerial
C o n f e r e n c e “ En v i r o n m e n t f o r
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Europe —Building Bridges to the
Future”, which was organized by the
United Nations Economic Commission
for Europe (UNECE). The Conference
focused on the state of the European
environment and addressed key issues
such as monitoring and assessment,
implement ation of multilateral
environment agreements and the
findings of UNECE environmental
performance reviews. At the plenary,
Mr Jarraud delivered the main keynote
address “Capacity building: southeastern European perspectives”,
emphasizing the need for improved
c o op er a tion w i thin the r e gion
and the fostering of international
partnerships to raise the capacities
of the countries concerned to cope
with emerging issues related to
climate change adaptation and
mitigation. The Conference endorsed
the establishment in Belgrade of a
climate change centre for southeastern Europe.
During his mission, the SecretaryGeneral met with HE Boris Tadci ć,
President of the Republic of Serbia,
and HE Božidar Djelić, Deputy Prime
Minister. He also met with HE Saša
Dragin, Minister of Environment,
for discussions on climate change
and natural disaster risk reduction
issues. Furthermore, the SecretaryGeneral visited the Republic
Hydrometeorological Ser vice of
Serbia, where he was received
by the Direc tor and Permanent
Representative of Serbia with WMO,
Jovanka Andrejevic. Mr Jarraud also
participated in the seventh Meeting
of Dire c tor s of the Sou th - eas t
European National Meteorological
and Hydrological Services, which
was held in Belgrade from 11 to 12
October 2007.

Spain
The Meeting of Directors of National
Meteorological and Hydrological
Services (NMHSs) of West Africa
took place in Las Palmas de Gran
Canaria from 17 to 19 October 2007.
The session was organized by the
National Meteorological Institute of

Las Palmas de Gran Canaria, Spain, October 2007—Participants in the Meeting of
Directors of National Meteorological and Hydrological Services of West Africa
Spain and co-sponsored by WMO. At
the opening ceremony, Mr Jarraud
met with Arturo Gonzalo, Spanish
Secretar y-General for Pollution
Prevention and Climate Change;
Paulino Rivero, President of the
Canary Islands Government; and
Francisco Cadarso, Director of the
National Meteorological Institute and
Permanent Representative of Spain
with WMO.

African States, the African Union,
France, Portugal and the USA, in
order to develop innovative ways
to meet some of the vital challenges
facing the countries of West Africa
today. Among the principal outcomes
of the meeting was the establishment
of a Forum of Directors of NMHSs of
West and North Africa.

T he me e ting brought toge ther
Directors of NMHSs, key development partners, representatives
of regional and subregional economic and technical institutions
and other stakeholders, in particular the Economic Community of West

In Buenos Aires, on 22 October 2007,
the Secretary-General presented the
WMO Research Award for Young
Scientists to one of its two 2007
recipients, Paola Salio, for her paper
entitled “Mesoscale convec tive
systems over south-eastern South

Argentina

Buenos Aires,
Argentina,
22 October
2007 — The
Secretary-General
with Paola Salio,
joint winner
of the 2007
WMO Research
Award for Young
Scientists and, in
the background,
Nilda Garre,
Minister of
Defence,
Argentina
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A meric a and their relationship
with the South American low-level
jet”. Present at the ceremony were
HE Nilda Garre, Minister of Defence
of Argentina; Oscar J. Cuattromo,
Undersecretary of State for Planning;
Hector H. Ciappesoni, Permanent
Representative of Argentina with
WMO ; and representatives of
the Univer sit y of Buenos Aires
and the national meteorological
communit y. In the course of his
mission, Mr Jarraud visited the
National Meteorological Service and
held discussions on international
cooperation in meteorology with
the Permanent Representative and
with key members of the Argentine
meteorological community.

Brazil
On 24 October 2007, in the course
of a ceremony organized at the
O c eanographic Ins titute of the
Univer sit y of São Paulo, the
Secretary-General presented the
2006 Research Award for Young
Scientists to Dr Walter Collischonn,

São Paulo, Brazil, 24 October 2007 — The
Secretary-General with (right) Antonio
Divino Moura, Director of the National
Institute of Meteorology and Permanent
Representative of Brazil with WMO, and
(left) Walter Collischonn, one of the six
prizewinners

who, on the occasion, also represented his five colleagues: Sidnei
Gusmão Agra, Glauco Kimura de
Freitas, Gabriela Rocha Priante,
Rutinéia Tas si and Chris topher
Freire Souza. These six Brazilian scientists received the Award for their
paper “Searching for an ecological
hydrograph” (“Em busca do hidrograma ecológico”). Present at the
ceremony were Rolf Roland Weber,
Vice Director of the Oceanographic
Institute, Antonio Divino Moura,
Permanent Representative of Brazil
with WMO, and senior representatives of other Brazilian scientific and
environmental organizations.

UN, New York, October 2007 — The
Secretary-General of WMO with the
Secretary-General of the United Nations,
Ban Ki-moon

UN New York
On 26 and 27 October 2007, at UN
Headquar ter s in New York , the
Secretary-General participated in
the regular meeting of the United
Nations System Chief Executives
B oar d f or C o or dina tion ( C EB ) ,
chaired by UN Secretary-General
Ban Ki-moon. The CEB is composed of the Executive Heads of
all United Nations specialized agencies, funds and programmes, as well
as the World Bank, the International
Monetary Fund, the International
Atomic Energy Agency and the
World Trade Organization. The CEB
contributes to UN coordination and
cooperation over a wide range of
substantive and management issues
facing UN system organizations.

Belgium

In particular, the Board agreed to work
expeditiously towards the development of a UN system-wide strategic
approach to support UN international
commitments to meet the important
challenges being presented today
by climate change. On behalf of the
Board, the UN Secretary-General
presented a UN system-spanning
coordinated action plan for the United
Nations Climate Change Conference
to be held in Bali in December 2007.
The CEB further agreed on a process
to ensure that the entire UN system
would move decisively toward the
establishment of climate neutrality
in its operations worldwide.

At the invitation of the European
Commission and the Government of
Portugal, the Secretary-General gave
a keynote address and participated in
panel discussions on “Climate change
and development cooperation” during
the second edition of the European
Development Days, held in Lisbon,
from 7 to 9 November 2007. The meeting focused on innovative ways to
respond to the special needs of the
most vulnerable countries, in particular in terms of adaptation measures,
since these countries will be among
those expected to suffer the largest
impacts from climate variability and
change.

On 5 November 2007, the SecretaryGeneral visited Brussels to present
the 2007 WMO Research Award for
Young Scientists to the second 2007
recipient, Gabriëlle De Lannoy, for
her paper entitled “Assessment of
model uncertainty for soil moisture
through ensemble verification”. The
ceremony took place in the presence
of the Permanent Representative of
Belgium with WMO, Henri Malcorps,
as well as senior representatives of
Belgian scientific organizations, the
meteorological community and other
distinguished guests.

Portugal
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Brussels, Belgium,
5 November
2007 — The
SecretaryGeneral with
Gabriëlle De Lannoy,
joint winner
of the 2007
WMO Research
Award for Young
Scientists

Spain
On 16 and 17 November 2007, in
Valencia, the Secretary-General participated in the 27th session of the
Intergovernmental Panel on Climate
Change (IPCC). The major session
highlight was the approval and official release of the Fourth Assessment
Synthesis Repor t and Summar y
for Policy Makers. Present at the
closing ceremony were UN SecretaryGeneral, Ban Ki-moon; Achim Steiner,
Executive Head of the United Nations
Environment Programme ; IPCC
Chairman, Rajendra Pachauri, senior representatives of the Government
of Spain and the President of the

Valencia Generalitat. “On behalf of
the entire United Nations family”, Ban
Ki-moon congratulated the present
and all former IPCC Chairs, as well
as the thousands of scientists who
had worked tirelessly for the Panel,
for their landmark achievement and
the outstanding distinction received
through the 2007 Nobel Peace Prize.
He further congratulated WMO and
UNEP for their common vision in creating the IPCC and their continuing
efforts to support its work.
At the press conference which followed, the three senior UN system
representatives responded to numerous questions by the international

Valencia, Spain, November 2007—(from left to right) M. Jarraud, WMO SecretaryGeneral; Rajendra Pachauri, IPCC Chairman; Ban Ki-moon, UN Secretary-General; and
Achim Steiner, UNEP Executive Director

press through powerful messages
on climate change and relevant policy issues. In particular, Mr Jarraud
spoke of the need, now that the issue
of climate change had been established, to increase observational and
research efforts. This was because
societies needed more detailed information about anticipated impacts
at regional and local levels in order
to be able to respond and adapt. Mr
Jarraud also gave numerous interviews for print and broadcast media,
including BBC World television news
and BBC News 24.

South Africa
On 30 November 2007, the SecretaryGeneral visited Cape Town, on the
occasion of the Earth Observations for
Sustainable Growth and Development
Ministerial Summit. He delivered a
joint statement on behalf of the Food
and Agriculture Organization of the
United Nations, the United Nations
Environment Programme, the United
Nations Educational, Scientific and
Cultural Organization, including its
Intergovernmental Oceanographic
Commission, and WMO. The joint
statement welcomed an arrangement under which the governance
of the Global Earth Observing System
of Systems (GEOSS) would eventually become integrated with the UN
system, so adding value to the various observing systems sponsored
or co-sponsored by the UN organizations and by the non-governmental
International Council for Science.
The Ministerial Declaration further
recognized the important contributions that GEOSS can make through
collaboration with the UN system
agencies.
The Summit, which was the first
such event since the establishment
of the international Group on Earth
Obser vations, ser ved to review
GEOSS progress and to highlight
the need for coordinated, comprehensive and sustained observations.
More than 70 GEO members and
40 participating organizations were
represented at the session.
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Germany
The Secretary-General visited Berlin
on 3 December 2007 to participate in
the Group of Eight (G8) Conference
on the Role of Foreign Policy in
Guaranteeing a Secure Energy Supply
and Protecting the Global Climate.
On the occasion, Mr Jarraud made
a statement on the issue “Climate
change: a challenge to global security”, indicating that the consequences
of climate change had the potential
to pose considerable risks to global
security, in particular through climateinduced degradation of freshwater
resources, agriculture and health
standards, as well as through climatetriggered migrations and an increase
in the number and intensity of natural disasters.

Norway
On 10 December 2007, the SecretaryGeneral attended the presentation
of the 2007 Nobel Peace Prize, which
was awarded to the WMO-UNEP
co-sponsored Intergovernmental
Panel on Climate Change ( IPCC)
and to Former US Vice-President
Albert A. Gore, Jr. Mr Jarraud met
with officials from the Norwegian
Ministries of Foreign Affairs and
Environment and Interna tional
Development. He also visited the
Norwegian Meteorological Institute

The Secretary-General visits the pavilion of the Indonesian Meteorological and
Geophysical Agency during the 13th session of the Conference of Parties to
the United Nations Framework Convention on Climate Change (Bali, Indonesia,
3‑14 December 2007)
for discussions on international
cooperation.

Indonesia
The Secretary-General visited Bali
from 13 to 15 December 2007 to
address the High-Level Segment of
the 13th session of the Conference
of Parties (COP-13) to the United
Nations Framework Convention on

Climate Change (UNFCCC). He participated in a WMO press conference
with the President of WMO, Alexander
Bedritsky, and met with permanent
representatives of WMO Members and
senior officials who were present in
Bali for COP‑13 and the third meeting
of the Parties to the Kyoto Protocol.

Oslo, Norway, 10 December 2007 — The Secretary-General with some of the past and
present experts participating in the Intergovernmental Panel on Climate Change (IPCC)
and members of the IPCC Secretariat, which is hosted by WMO
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Staff matters
Appointments

Francisco
VILLALPANDO
IBARRA: Senior
Programme
Manager, Resource
Mobilization Office,
Development
Cooperation and Regional Activities
Department, on 1 October 2007

Office for Africa, Development
Cooperation and Regional Activities
Department, on 1 October 2007
Alexia
MASSACAND:
Work Plan
Coordinator,
Group on Earth
Observations
Secretariat, on
19 December 2007

Victor A. SIMANGO:
Senior Programme
Manager, Office for
Least Developed
Countries
and Regional
Coordination,
Development Cooperation and
Regional Activities Department, on
15 October 2007
Liisa M. JALKANEN:
Chief, Environment
Division,
Atmospheric
Research and
Environment
Programme
Department, on 21 November 2007
Isabelle RUEDI:
Senior Scientific
Officer, Observing
Systems
Division, World
Weather Watch
Department, on
20 December 2007
Taoyong PENG:
Scientific Officer,
Tropical Cyclone
Programme
Division,
Applications
Programme
Department, on 27 September 2007
Stephen
NJOROGE: WMO
Representative
for Eastern and
Southern Africa
(Nairobi), Regional

Giacomo
TERUGGI: Junior
Professional Officer,
Hydrology and
Water Resources
Department, on
5 November 2007
Teresa ALCOBER:
Administrative
Assistant,
Atmospheric
Research and
Environment
Programme
Department, on
1 October 2007
Willy PERIGNON:
Payroll Assistant,
Payroll and Social
Benefits Unit,
Human Resources
Division, Resource
Management
Department, on
12 November 2007
Myriam OUDIN:
Accounts Assistant
(Payables), Finance
Division, Resource
Management
Department, on
17 October 2007

Karin PARATIAN:
Accounts Assistant
(Treasury), Finance
Division, Resource
Management
Department, on
1 November 2007

Promotions
Oscar Arango Botero, WMO
Representative for North America,
Central America and the Caribbean
(Costa Rica), on 1 June 2007
Dusan HRCEK, WMO
Representative for Europe, on
1 June 2007
Henry TAIKI, Programme Officer,
WMO Office for the South-West
Pacific (Samoa), on 1 June 2007
Donald HINSMAN, Director of the
World Watch Department,
on 19 December 2007

Re-assignments
Patricia GEDDES, formerly Head,
Staffing and Staff Development
Unit, assigned Head, Entitlements
and Contracts Management
Unit, Human Resources
Division, Resource Management
Department, on 1 October 2007
Alex UGOLINI, formerly
Editor, Linguistic Services and
Publications Department, assigned
Head, Staff and Staff Development
Unit, Human Resources
Division, Resource Management
Department, on 1 October 2007

Departures
Petteri TAALAS, Director,
Development Cooperation and
Regional Activities Department, on
30 October 2007
Jian LIU, Deputy Secretary,
Intergovernmental Panel on
Climate Change, on 30 November
2007
Ann HENDERSON-SELLERS,
Director, World Climate Research
Programme Department, on
31 December 2007
Ruurdtje BOURGEOIS,
Administrative Assistant with
the Intergovernmental Panel on
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Climate Change Secretariat, on
31 December 2007
Marie-Claude MERMILLOD,
Administrative Assistant,
Atmospheric Research and
Environment Programme
Department, on 30 September 2007
Alexander DENIS, Travel
Assistant, Procurement and Travel
Office, Resource Management
Department, on 12 October 2007

Anniversaries
Ann SALINI, Administrative
Assistant, World Climate
Research Department: 30 years on
24 October 2007
Jean-MICHEL RAINER, Chief,
Information Systems and
Services Division, World Weather
Watch Department: 25 years on
1 September 2007
Leonila ALEGRE, Administrative
Assistant, Education and
Training Department: 25 years on
13 September 2007
Valery DETEMMERMAN,
Senior Scientific Officer, World
Climate Research Department:
20 years on 7 December 2007

Recent WMO publications

New book received

Climate information
for adaptation and
development needs
(WMO-No. 1025)
[E]
2007; 42 pp
ISBN: 92-63-11025-5
Price: CHF 20

An Introduction to
Atmospheric
Thermodynamics

Anastasios A. Tsonis
University Press (2007).
IBSN 978-0-521-69628-9.
x + 188 pp.
Price: £ 29.99/US$ 55

Fifteenth World Meteorological
Congress (WMO-No. 1026)
2007; CD-ROM
[A-C-E-F-R-S]
ISBN 92-63-11026-3
Price: CHF 16
Executive Council, fifty-ninth session
(2007) - Abridged final report with
resolutions (WMO-No. 1027)
2007; CD-ROM
[A-C-E-F-R-S]
ISBN 92-63-11027-1
Price: CHF 16
Cryosphere Theme
Report — For the
Monitoring of
our Environment
from Space
and from Earth
(WMO/TD-1405)
2007; x + 100 pp.
[E]
Price: CHF 30

Cryosphere
Theme
Report

For the Monitoring of our Environment from Space and from Earth

2007
An international partnership for
cooperation in Earth observations

An Introduction to Atmospheric
Thermodynamic s ( new edition )
introduces the reader to the basics
of the subject. The introductor y
chapters provide definitions and
mathematical and physical notes.
The book then describes the topics
relevant to atmospheric processes,
including the properties of moist
air and atmospheric stabilit y. It
concludes with a brief introduction to
the problem of weather forecasting
and the relevance of thermo 
dynamics. Each chapter contains
wor ke d examp l e s an d s t u d e n t
exercises, with solutions available to
instructors on a password protected
We b s i te a t w w w. c amb r id g e .
org/9780521796767.
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Calendar
Date

Title

Place

14-25 January

Training on Operational Tropical Cyclone Forecasting at RSMC Tropical
Cyclone—New Delhi

New Delhi, India

14-16 January

GEO Biodiversity Observation Network (BI-97-01) Science Committee
Meeting

Geneva

15-16 January

WMO Consultative Meetings on High-level Policy on Satellite Matters—
eighth session

New Orleans, USA

16 (p.m.)-18 January

Fifty-ninth session of the WMO Bureau

New Orleans, USA

21-22 January

CCl/CBS Intercommission Technical Meeting on Designation of Regional
Climate Centres (RCCs)

Geneva

28-30 January

Implementation Strategy Meeting for Central America and the Caribbean
Belize City, Belize
(follow-up to GCOS Action Plan Development Meeting for Central America
and the Caribbean)

28-30 January

Commission for Instruments and Methods of Observation, Management
Group—fifth session (CIMO MG-5)

Geneva

28-31 January

Joint Meeting of the Precipitation and Chemistry Scientific Advisory
Group (PG SAG), and ACCENT (co-sponsored by WMO )

Las Vegas, Nevada, USA

4-6 February

First Meeting of the International Organizing Committee of the WCC-3

Geneva

11-15 February

CHy Advisory Working Group—third session

Geneva

18-20 February

2008 Meeting of Presidents of Technical Commissions

Geneva

26-28 February

Initiation Meeting at GCOS Upper Air Reference Network (GRUAN)

Lindenberg, Germany

27-29 February

First session of EC Working Group on WMO Strategic Planning (WG-SOP)

Geneva

3-7 March

Training Course on Climate Risk Management in Agriculture

Brasilia, Brazil

7-19 April

Workshop on Hurricane Forecasting and Warning, and Public Weather
Services

Miami , USA

21-25 April

GCOS/WCRP Atmospheric Observation Panel for Climate—14th session
(AOPC-XIV)

Geneva

5-9 May

CBS OPAG-IOS: Fifth session of Expert Team on Requirements for Data
from Automatic Weather Stations (ET-AWS-5)

Geneva

6-8 May

Fourth International Symposium on Flood Defence—ISFD4

Westin Harbour Castle,
Toronto, Canada

12-16 May

Implementation Coordination Team of the CBS OPAG-PWS

Shanghai, China

11-13 June

Meeting of the CAgM Management Group

Obninsk, Russian Federation
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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

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
A.D. Moura (Brazil)

Ex officio members of the Executive
Council (presidents of regional
associations)
Africa (Region I)
M.L. Bah (Guinea)
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.A. Abbas
(Egypt)
O.M.L. Bechir
(Mauritania)
R.C. Bhatia
(India)
P.-E. Bisch
(France)
Y. Boodhoo
(Mauritius)
S.A. Bukhari
(Saudi Arabia)
F. Cadarso González
(Spain)
M. Capaldo
(Italy)
H.H. Ciappesoni
(Argentina)
W. Gamarra Molina
(Peru)
D. Grimes
(Canada)
S.W.B. Harijono (Ms)
(Indonesia)
T. Hiraki
(Japan)
W. Kusch
(Germany)
M.-K. Lee
(Republic of Korea)
G.B. Love
(Australia)
L. Makuleni (Ms)
(South Africa)
J. Mitchell
(United Kingdom)
J.R. Mukabana
(Kenya)
M. Ostojski
(Poland)
P. Plathan
(Finland)
M.M. Rosengaus Moskinsky (Mexico)
F. Uirab
(Namibia)
K.S. Yap
(Malaysia)
G. Zheng
(China)
(two seats vacant)

Presidents of technical
commissions
Aeronautical Meteorology
C. McLeod
Agricultural Meteorology
J. Salinger
Atmospheric Sciences
M. Béland
Basic Systems
A.I. Gusev
Climatology
P. Bessemoulin
Hydrology
B. Stewart
Instruments and Methods of
Observation
J. Nash
Oceanography and Marine Meteorology
P. Dexter and J.-L. Fellous
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Members
of WMO

on 31 January 2008

States (182)
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
Montenegro
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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GEONETCast and EUMETCast DVB User Stations
SpaceCom
VCS is a leading supplier of GEONETCast and EUMETCast DVB receiving
stations based on the standard DVB multicast technology.
Currently, the EUMETCast dissemination system is providing a variety of
data to the user community like HRIT, LRIT, RSS, HRI, IODC, DCP, MDD,
EARS, DWDSAT, SAF and MODIS products. 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 the GEO community.
Based on the well-known 2met!® concept, our systems are ready to work with all
data disseminated by the GEONETCast and EUMETCast dissemination systems.
Please ask us for your solution
by emailing spacecom.sales@vcs.de or by calling +49 234 9258-112
VCS Aktiengesellschaft · Borgmannstrasse 2 · 44894 Bochum · Germany · www.vcs.de
Lo_SPC_Anz_A4_WMO_071128.indd
1
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An integrated global observing system,
supported by an integrated information
system, will be a major contribution to
realizing the socio-economic benefits
to be derived from a wide range of
products and services concerning
weather, climate and water.
Michel Jarraud
Secretary-General of WMO
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