The World Meteorological Organization

The World Meteorological Organization (WMO), of which 160':' States and Territories are Members, is a
specialized agency of the United Nations. The purposes of the Organization are:
(a) To facilitate world-wide co-operation 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 m.eteorological and
related services;
(b) To promote the establishment and maintenance of systems for the rapid exchange of meteorological and
related infonnation;
(c) To promote standardization of meteorological and related observations and to ensure the uniform publication of observations and statistics;
(d) To further the application of ITLeteorology to aviation, shipping, water problems, agriculture and other
hlllnan activities;
(e) To pronwte activities in operational hydrology and to further close co-operation between Meteorological
and Hydrological Services; and
(f) To encourage research and training in meteorology and, as appropriate, in related fields and to assist in
co-ordinating the international aspects of such research and training.
(Convention of the World Meteorological Organization, Article 2)

The Organization consists of the following:
The World Meteorological Congress, the supreme body of the Organization, brings together the delegates of
Members once every four years to determine general policies for the fulfilment of the purposes of the Organization,
to approve long-term plans, to authorize maximum expenditmes for the following financial period, to adopt Technical
Regulations relating to international meteorological and operational hydrological practice, to elect the President and
Vice-Presidents of the Organization and members of the Executive Council and to appoint the Secretary-General;
The Executive Council, composed of36 directors of national Meteorological or Hydrometeorological Services, meets
at least once a year to review the activities of the Organization and to implement the programmes approved by
Congress;
The six regional associations (Mrica, Asia, South America, North and Central America, South-West Pacific and
Europe), composed of Members, co-ordinate meteorological and related activities within their respective Regions;
The eight technical commissions, composed of experts designated by Members, study matters within their specific
areas of competence (technical commissions have been established for basic systems, instruments and methods of
observation, atmospheric sciences, aeronautical meteorology, agricultural meteorology, marine meteorology,
hydrology, and climatology);
'l'he Secretariat, headed by the Secretary-General, serves as the administrative, documentation and information
centre of the Organization. It prepares, edits, produces and dishibutes the publications ofthe Organization, carries
out the duties specified in the Convention and other Basic Documents and provides secretariat support to the work
of the constituent bodies ofWMO described above.
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ANNUAL REPORT
1991

I WMO -

No. 774 I

Secretariat of the World Meteorological Organization - Geneva - Switzerland

1992

WMO ANNUAL REPORT 1991

WMO ANNUAL REPORT 1991

WMO ANNUAL REPORT 1991

© 1992, World Meteorological Organization

ISBN 92-63-10774-2

NOTE
The designations employed and the presentation of material in this publication do not imply the
expression of any opinion whatsoever on the part of the Secretariat of the World Meteorological
Organization concerning the legal status of any country, territory, city or area, or of its authorities, or
concerning the delimitation of its frontiers or boundaries.
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Pre-squall line dust storm in Niger. This phenomenon is associated with heavy rainfall which is beneficial to the populations of the region. As
such storms have been less frequent and weaker in recent years, questions have been raised as to the relationship of their occurrence with
climate change. The impacts on sustainable development activities, such as agriculture, are being felt in areas affected by this phenomenon
(WMO/Sabine)

The year 1991 saw the World Meteorological
Organization (WMO) on centre stage in connection
wi th re l evant environmental issues of global
concern. The year also witnessed major events on
the world scene which are bound to influence the
activities ofWMO.
It was against this background that the Eleventh
Wor ld Meteorological Congress was held in the
Geneva International Conference Centre from 1 to
23 May 1991. Congress, which is convened every
four years, brings together delegates from WMO's
160 Member countries for the main purpose of
establishing the programme and budget of the
Organization for the forthcoming four-year
financial period.
Congress approved a maximum expenditure of
SFR 236 100 000 for the four-year period 19921995 and adopted the Third WMO Long-term Plan
which refl ects the importance of the major new
issues relating to environmental problems and
s u stainable development. On the programme
elements, Congress reaffirmed its support for the
World Weather Watch and accorded it highest
priority as the basic WMO programme on which
n early all others depended. It also decided to reorganize the World Climate Programme to provide
an inter-agency and inter-disciplinary framework
so that it can better address the full range of
climate and climate change issues.
The Second World Climate Conference (1990)
had called for the establishment of a Global
Climate Observing System (GCOS), to provide

observations for monitoring the climate system and
detecting climate change. Eleventh CongTess thoroughly considered and endorsed this proposal and
decided to set up a GCOS Scientific and Technical
Committee. It was also agreed that the Committee
should be assisted by a small inter-disciplinary
planning office. Information on these and other
decisions of Congress is given in this Report.
Activities continued in support of the International Decade for Natural Disaster Reduction
and, during the year, WMO assisted in addressing
a disaster of another kind-the Kuwait oil fires.
As the preparations for the United Nations
Conference on Environment and Development
(UNCED) proceeded, climate change, environmental matters and sustainable development were
issues that attracted public attention. WMO was no
less concerned. Indeed, it is no exaggeration to say
that the activities of the Organization have a
bearing on many vitally important areas which
relate to UNCED. These issues are also highlighted
in the present Annual Report.
The year 1991 can be considered as one of consolidation, review, reassessment and quick reaction
to emergencies like the Bangladesh cyclone and the
Kuwait fires. The infrastructure of the Organization has been streamlined and the programmes
have been more clearly focused to meet the immediate and long-term social and economic needs of
Member countries. I am confident that significant
further benefit and progress can be achieved in the
coming years.

~~---

-----

G. O. P. Obasi
Secretary-General

The year 1991 saw many changes on
the political scene, which affected
the economic policies of a number
of Member countries. These, in turn,
will have a bearing on the Organization's future activities. One effect
is likely to b e a change in the
number ofWMO Members which, on
31 Decemb er 1991, totalled 160.
From the former Union of Soviet
Socialist Republics (USSR") have
come a number of independent
states which are potential new
Members.
The highlight of the year was
und oubtedly the Eleventh World
Meteorological Congress, where delegates adopted the programme and
budget of the Organization for the
four-year period 1992-1995, elected
the President and Vice-Presidents of
WMO, as well as the members ofthe
Executive Council and re-appointed
the Secretary-General. A summary
of the main decisions of Congress is
given on pages 2 to 5, followed by a

resume of the Executive Council
session which was held immediately
after Congress.
The Organization has continued
its support for the International
Decade for Natural Disaster Reduction (IDNDR). And, in 1991, it was
instrumental in helping restore
the meteorological facilities of
Bangladesh following the the worst
tropical cyclone in the last 20 years.
Other emergency action was taken
by the Organization in the wake of
the Kuwait oilfield fires. There also,
meteorological services have been
re-established thanks to the cooperation of Members and industry.
Emphasis was again on climate
change and environmental issues
with WMO making major inputs to
the preparations for the United
Nations Conference on Environment
and Development (UNCED). Mr
Maurice Strong, Secretary-General
of UNCED, was guest speaker
on the theme "Weather and climate

Mr M. Strong, Secretary-General, UNCED (far left), at the World Meteorological Day celebrations,
being greeted by Prof G. 0. P Obasi, Secretary-General of WMO (left), Mr D. Hume, President,
WMO Staff Association (right) and Dr D. Axford, Deputy Secretary-General (far right) (WMO/Bianco)

POLICY-RELATED MEETINGS
Date and place

Title

28 Jan.-17 Feb.
Beijing and
Zhuhai, China

XXIVth session of the
Bureau

1-23 May
Geneva

Eleventh World
Meteorological
Congress

24-29 May
Geneva

Executive Councilforty-third session

30 April and
2 May
Geneva

Financial AdviSOry
Committee

21-23 November Meeting of Presidents
Geneva and
ofTechnical
Evian, France
Commissions

services for s u stainable development" at the World Meteorological
Day celebrations in Geneva in
March. It was an event that was
much appreciated by the diplomatic
corps, other guests and WMO staff.
Another milestone was the establishment of the Global Climate
Observing System (GCOS), sponsored initially by WMO, ICSU, roc
and UNEP. A small planning office
for GCOS will be set up in the WMO
Headquarters during 1992.
WMO also hosted the secretariat
for the International Conference on
Water and the Environment (Dublin,
January 1992). Details of these and
regular WMO programme activities
are given in this Report.

* NOTE
The name of the Union of Soviet Socialist
Republics (USSR) has been used
throughout this publication. On
25 December 1991, the Russian
Federation took over the membership of
USSR inWMO.
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ELEVENTH WORLD METEOROLOGICAL CONGRESS
The Eleventh World Meteorologica l
Congress (Cg-XI) took place at the
Geneva International Conference
Cen tre fro m 1 to 23 May 1991 and
was attended by 479 delegates from
134 Member cowltries, a representative of a non-Member country and
representatives of 33 international
organizations . Many distinguish ed
guests a nd guest s p e akers were
present at the opening ceremony.
Information on the appointment
of the Secretar y-General and t h e
election of officers is given in the box
below.

Long-term planning
Congress adopted the Third Longterm Plan for th e period 1992-200l.
The new Pla n r efl ects th e importance of m ajor new issues relating to
climate change and the e n vironment. It encompasses a wider spect rum than hitherto of th e Earth
sciences in connection with glob a l
iss ue s but do es no t lo se sight of
traditional m eteorolo gical and
hydrological activities.

World Weather Watch
The maintenance and stren gth ening of the World Weather Watch as

the basic WMO Progra mme will be World Climate Programme
essential to an effective WMO
response to the many n ew demands It was decided that the World
for surveillance, understanding and Climate Programme (WCP) would be
protection of the globa l environ- reconstituted to provide an inter ment in the coming decade. Special agency and inter-disciplinary frameattention will be paid to the WWW work to address the full range of
Systems Support Activities, espe- climate and climate change issues
cially to t he full implementation a nd that the Intergovernmental
and integration of key components Oceanogra phic Commission (laC)
a nd facilitie s, improved systems would become an additiona l coand operations, the introduction of s ponsor. The WCP will henceforth
new technologi es and techniques, consist ofthe:
and th e effici ent use of available • World Climate Data a nd Monresources.
itoring Programme (WCDMP);
The vital role of sa tellites in
meteorology was reiterated. How- • World Climate Applications and
Services Programme (WCASP);
ever, to realize this role fully, further
co-ordination amongst satellite oper- • World Climate Impact Assessators was considered necessary to
m ent and Re s ponse Strategies
en sure effective dissemination of
Programme (WCIRP);
data to Members-especially devel• World Climate Re search Prooping countries.
gramme (WCRP).
Operat ional facilities and strucAs recommended by the Second
tures of the WWW which provide
monitoring data and forecast prod- World Climate Conference (1990),
ucts as pa rt of the em ergency Congress es tabli shed the Glob al
response to environmental disaster s, Climate Observing System (GCOS),
will need to be strengthened. Activ- based on existing and planned operitie s und er t h e Tropical Cyclone ational and research programmes. It
Programme will receive enhanced also endorsed the establishment of a
Scientific and Technical Committee
support.

ELECTIONS AND APPOINTMENTS
During the session. Professor G. O. P. Obasi (second from left) was re-appointed Secretary-General of the Organization by acclamation
for the period 1992-1995. Mr Zou Jingmeng, Administrator of the State Meteorological Administration of China (centre), was reelected President of the Organization. Dr John W. Zillman . Director of the Bureau of Meteorology of Australia (second from right) and
Comodoro Salvador Alaimo. Director General of the National Meteorological Service of Argentina (right). were re-elected First and
Second Vice-President. respectively. and Professor Andre Lebeau, Director. National Meteorological Service of France (left) was
elected Third Vice -President. The remaining 26 members of the Executive Council who are not ex officio members were also elected
(see also Annex II). (WMOIBianco)
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climate change on the frequency
and severity of disasters of a
hydrological origin) at a time when
fresh water-taken for granted in
so many countries-is becoming'
increasingly sparse and of deteriorating quality.
The Hydrological Operational
Multipurpose Subprogramme was
renamed the Hydrological Operational Multipurpose System and
became a permanent part of the
Applications of Meteorology
Operational Hydrology Programme.
Programme
The International Conference on
Congress adopted the new Public Water and the Environment was
Weather Services Programme. recognized as the major mechanism
Initial activities will focus on three for preparing inputs on freshwater
projects: formulation and content of issues for UNCED (see p. 39).
forecasts and warnings; presentation
and dissemination techniques, public Education and Training
understanding, information and Programme
education; exchange and co-ordination Regional Meteorological Training
of hazardous weather information Centres will be strengthened. Reamong neighbouring countries.
quests for fellowships are expected to
The other components of the increase further, especially at the
Programme are: the Agricultural postgraduate level and in the fields
Meteorology Programme; the Aero- of climate change and atmospheric
nautical Meteorology Programme; environment. Funds will be available
and the Marine Meteorology and for fellowships under the regular
Associated Oceanographic Activities budget when no other source of
assistance is forthcoming. There is
Programme.
also a separate allocation for fellowHydrology and Water Resources ships for refugees.

physical parameters of environmental importance, will be a major
component of the GCOS. For GAW to
develop into a fully functional
system, near-real-time monitoring
of data flow and quality performance
is required so as to identify and
remedy discrepancies in specialized
measurements and to ensure the
continuous flow of assessed data to
GCOSusers.

HE The Honourable Mr A. T. Graham-Douglas,
Minister for Aviation of Nigeria, addressing
Congress (WMO/Bianco)

for the GCOS jointly by WMO, ICSU
and IOC (later on, also UNEP) and
an inter-disciplinary planning office
with staff seconded by the sponsoring organizations and participating
agencies. The Office will be located
in the WMO Secretariat.

Atmospheric Research and
Environment Programme
The Research and Development
Programme was renamed the Atmospheric Research and Environment
Programme (AREP).
The Global Atmosphere Watch
(GAW), which is an early warning
system designed to detect changes in
atmospheric composition and the

Programme

This Programme gains new Technical Co-operation
importance in the context of Programme
sustainable development and The value of assistance provided
concern for the environment increased from US $20 million in
(including the potential impact of 1987 to US $32.45 million in 1991.

The podium at the opening of the Eleventh World Meteorological Congress (WMO/Bianco)
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UNDP has indicated its continued
funding for projects and sectoral
support in meteorology and operational hydrology.
The Voluntary Co-operation Programme (VCP) will focus on the
implementation of the WWW, the
granting of long- and short-term
fellow ships, training seminars ,
agrometeorological activities, the
Hydrology and Water Resource s
Programme, the establishment of
observing and data-processing facilities necessary for the WCP and the
establishment and maintenance of
BAPMoN-GAW stations.
An emergency assistance fund
within the Technical Co-operation
Programme was established to assist
Members' national Services to
continue to fulfil their basic functions at times of weather- and
climate-related natural disa sters
(see pp. 7 and 49).
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lications , while at the same time
improving appearance and utility.
The possibility of publishing in
Chinese will be studied by the
Executive Council and a report will
be made to Twelfth Congress (1995).

Public information
New emphasis will be placed on the
public information programme to
inform governments and the general
public of advances in meteorology,
hydrology and related disciplines;
the significance of weather, climate
and water r eso urc es to national
social and economic development
(particularly in the context of global
environmental issues); ways in
which national Services can contribute to sustainable development
and the protection of life and property; and the role and activities of
WMO in all these areas.

Consolidated programme and

Publications

budget 1992-1995

Congress noted with satisfaction
that the introduction of new technology and working methods had
reduced the bulk and cost of pub-

The Executive Council was authorized to incur expenditures of SFR
236 100 000 during the eleventh
financial period . E sti m ates were

WMO ANNUAL REPORT 1991

made of cost increases based on the
inflation forecasts for various areas
of expenditure as endorsed by the
UN Consultative Committee on
Administrative Questions. These
estimates will be reviewed by the
Executive Council after two years
when it considers the programme
and budget for the second biennium
(1994-1995).

Co-operation with the United
Nations and other organizations
Congress adopted the WMO Plan of
Action for the International Decade
for Natural Disaster Reduction
which was launched by the General
Assembly of the United Nations on
1 January 1990 (see p. 6).

Administrative and financial
questions
The Working Capital Fund will be
maintained for the purposes of
financing budgetary appropriations
pending receipt of contributions and
for the advance of sums to cover
unforeseen expenses which cannot
be met from current budgetary
provisions. The principal ofthe Fund

MEMORIAL TO THE LATE SIR ARTHUR DAVIES, SECRETARY-GENERAL EMERITUS OF WMO
Congress delegates, WMO staff and invited guests gathered
together, on 9 May, to pay tribute to the late Sir Arthur Davies,
Secretary-General Emeritus of WMO. At a short ceremony in
the Geneva International Conference Centre, speakers-Mr
Zou Jingmeng, President of WMO, Professor G. O. P. Obasi,
Secretary-General of WMO, H. E. Ambassador M. R.
Morland, Permanent Representative of UK to the United
Nations Office in Geneva and Mr D. Hume, president of the
WMO Staff Association-recalled highlights of Sir Arthur's
distinguished career and paid homage to his achievernents. A
statement was read on behalf of Lady Davies, who was

unable to attend the ceremony for healtll reasons , by her
elder daughter, Rosalind.
Subsequently, the main WMO conference room was
formally designated Sir Artllur Davies Hall by the President. A
commemorative plaque was unveiled by Margaret , the
younger daughter of the late Sir Arthur.

Margaret l<arbasslOum
(left) and Rosalind
Davies (right!. respectIVely unveiling a
commemorative
plaque 111 WMO and
speaking at the
ceremony in the
Geneva Interna/Jonal
Conference Centre
(WMO/Bianco)
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METEOHYDEX- 91 AND OTHER EVENTS
Some 100 manufacturers demonstrated the most up-to-date instruments, equipment and systems used in meteorology, hydrology and
related environmental sciences during the METEOHYDEX-91 exhibition
at the Geneva International Conference Centre. The highly successful
exhibition enabled Congress delegates to familiarize themselves with
the latest developments in instrumentation and related technology and
to plan new installations in their Services. Links, between the users of
equipment from Meteorological and Hydrological Services all over the
world and the suppliers, were forged to the satisfaction of all
concerned.

during the eleventh financial period
will be two per cent of the maximum
expenditures approved by Congress
for 1992-1995.
Congress approved in principle
the constru ction of a new WMO
Headquarters building on a plot of
land in Geneva offered by the
Swiss authorities. The Executive
Council was requested to define
more accurately the accommodation
requirements and the SecretaryGeneral was authorized to continue
h is negotiations with the Swiss
authorities in that regard.
Proportional contributions of Members

As a step towards conformity with
the United Nations scale of contributions, a scale for the first biennium
of the eleventh financial period was
adopted which was calculated
according to a weighting of 75% to
the WMO scale for 1990- 1991 and
25% to the UN scale for 1989-1991
and one for the second biennium
which gives equal weighting to the
WMO scale for 1990- 1991 and the
UN scale for 1989-1991, due consideration being given to changes and

On display, at the exhibition of postage stamps devoted to
meteorology and related subjects, were collections provided by
Argentina, China, Italy and the USSR*.Thirty countries had issued
stamps with a meteorological theme since the last exhibition in 1987.
Videofilms on topics of special interest such as climate change,
environmental issues and natural disaster reduction were regularly
screened during breaks in the proceedings.

differences in membership of both
organizations . The proportional
assessment of contributions will
continue to be expressed in percentages to two decimal places.

IMO Lecture and scientific
discussions
The Seventh IMO Lecture, delivered
by Professor A Eliassen (Norway),
was entitled "Modelling of longrange atmospheric transport".
Speakers at the scientific
discussions on climate change issues
and natural disaster reduction were
Messrs A A Algain (Saudi Arabia),
J. T. Houghton (UK), Ju. Alzrael
(USSR*), Ms R. Karimanzira
(Zimbabwe), Messrs R. L. Kintanar
(Philippines), P. Sham (Hong Kong)
and K. Toki (Japan).

*

See note on p. 1
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Forty-third session of the
Executive Council
The EC session after Congress is
habitually a short one. It focuses on
organizing its own future work and
on those decisions of Congress
requiring urgent follow up . Some
highlights ofthe session are given in
the following paragraphs.
The Council agreed that a consultation at the scientific and technical
level was necessary to set up the
newly established Global Climate
Observing System and to define the
terms of an agreement for its planning and organization.
The Secretary-General was asked
to submit a proposal to EC-XLIV to
amend the rules ofthe Voluntary Cooperation Programme (VCP) to
include new fields of support such as
environmental protection.
It was noted that the density of
the current network of surface and
upper-air stations in the Antarctic
was below the desired level. The
Council defined a list of stations and
observational programmes which
would constitute the basic synoptic
network in the Antarctic. Members
were invited to participate in the
deployment and use of new observing and data transmission systems.
The Council re -established its
Panel of Experts on Education
and Training, (chairman : Dr R.
Kintanar, Philippines), the Joint
WMO/ICSU Scientific Committee

WMO ANNUAL REPORT 1991

for the World Climate Research
Programme (chairman: Dr G. A.
McBean, Canada), the Intergovernmental TOGA Board, the joint lOCI
WMO committee for the Integrated
Global Ocean Services System
(IGOSS) (chairman: Mr Y. Tourre,
France) and the Drifting Buoy Cooperation Panel (chairman: Mr D.
Painting, UK).
The EC Working Group on Longterm Planning was re-established
with Dr J. W. Zillman as chairman.
The Council also decided to establish
a Working Group on the Commercialization of Meteorological and
Hydrological Services to study the
associated problems and explore
measures to reinforce the principle of
free and unrestricted international
exchange of basic meteorological
data and products. Professor A.
Lebeau (France) was nominated
chairman and Mr M. Bautista-Perez
(Spain) vice-chairman of the group.
The Council conferred the thirtysixth International Meteorological
Organization Prize on Professor R.
Fjortoft (Norway) and the sixth
Professor Dr Vilho Vaisala Award on
Mr M. Kitchen (UK) . The 1991
WMO Research Award for Young
Scientists was awarded to Ms Ebby
Kamila Anyamba (Kenya) and the
1992 Norbert Gerbier-Mumm
Award to Messrs J. J. Heikinheim,
C. W. Thurtell and G. E. Kidd.
The Executive Council adopted
the budget of the Organization for

Participants at the forty-third session of the Executive Council, Geneva, May 1991 (WMO/Bianco)
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the biennium 1992-1993. The
appropriations thus approved
amounted to SFR 112010000.

International Decade for Natural
Disaster Reduction (IDNDR)
Natural disasters of a meteorological
or a hydrological origin, or a combination of both, are amongst the
most severe that beset mankind .
They can occur anywhere across the
globe and can destroy life and property, in both the short and the long
term.
Tropical cyclones , flood s, tornadoes , severe thunderstorms and
other extreme weather phenomena,
such as storm surges, major
snowstorms, dust storms and heat
waves, together with landslides and
avalanches are normally short-lived
phenomena . Drought, by way of
contrast, is extensive in both time
and space and may impact in a variety of ways.
WMO takes a leading role within
the UN system for the mitigation of
these types of disaster and also
others like insect plagues, tsunamis
and earthquakes. Consequently,
during the planning phase, and since
its launch on 1 January 1990, WMO
has played a prominent part in the
IDNDR. Indeed, the coincidence of
the aims of the Decade and those of
the Organization would not allow it
to be otherwise. Mter all, provision
of warnings of severe weather conditions was one of the main reasons

THE WORST CYCLONE IN 20 YEARS
The most devastating cyclone of the year, and indeed of the past 20 years,
made landfall on the coast of Bangladesh near the city of Chittagong in the
early hours of 30 April 1991. For three and a half days the cyclone had moved
slowly but relentlessly on a smooth track, steadily intensifying until landfall, by
which time the sustained maximum surface wind speed exceeded 200 km per
hour and the central pressure was estimated at about 940 hPa.
The flatness of the land and the very gentle slope of the sea bed in the
northern Bay of Bengal coastal areas are favourable for the forrnation of enormous storrn surges and the astronomical tide range is large. Population
density is very high. Thus the area is highly vulnerable to tropical cyclones and
the associated storrn tides which can cause extreme disasters.
The cyclone rnade landfall at high tide and a storm tide (the combination of
the storm surge and the astronomical tide), reaching heights of 6 to 8 meters
and exceeding previous records, hit almost the entire coastal belt of
Bangladesh. Many populated islands were completely submerged for several
hours. Twelve million people were affected and millions rendered homeless.
The official estimation of the death toll was 138 000 people and the number of
severely affected survivors in excess of 2 million. The estimated damage was
us $2 400 million. Heavy toll notwithstanding, the prevention measures taken
by the Government, with United Nations support, such as the early warning
system and cyclone shelters mitigated the number of casualties.
Support for the development of the early warning systern for tropical
cyclones in the region has been provided by WMO, in particular through its
Tropical Cyclone Programme. The Regional Specialized Meteorological Centre
tropical cyclones New Delhi provided frequent advisories to the national

why the International Meteorological Organization (the forerunner
of WMO ) came into existence in
1873. At present, a large proportion
of WMO's ongoing activitie s is
focused on disaster mitigation. What
is more, WMO is intent on emphasizing pre-disaster preparedness as a
major concern of governments and
agencies.
There can be little doubt, in
economic terms, that a dollar spent
on preventing a disa ster is worth
many more dollars spent in clearing
up after one. When avoidance of
human suffering is added, the argument for the extension offore casting
and warning systems to unprotected
areas is even more compelling.
The WMO Plan of Action for the
ID NDR, approved by Cg-XI, is
centred on three special projects:

Meteorological Service of Bangladesh. Invaluable information was received
from satellites, from recently installed radars along the Bangladesh coast and
other sources under the WWW Programme.
With such support the Bangladesh Meteorological Department issued
good forecasts and early warnings on this cyclone to the local authorities and
the populace. Alerts were issued during the fIVe days before the cyclone
reached the Bangladesh coast and forecasts of the time and place of landfall
were disseminated several hours before its impact on land areas. Warnings of
the magnitude of the potential storm surge were issued for specific localities
affected starting from 30 hours before its occurrence and with increasing
frequency as the cyclone approached. In the later stages, warnings were
broadcast at half hourly intervals and were speCific about administrative
districts at risk.
Following the disaster, Eleventh Congress established a special fund
(designated by the Executive Council as the "WMO Natural Disaster
Assistance Fund for Meteorological and Hydrological Services") which will be
used to help Members restore their meteorological and hydrological facilities
that have been damaged or destroyed by natural disasters. Further information
on the Fund and the assistance provided to Bangladesh is given on page 49.

This plan and the past involvement of WMO in the Decade was
welcomed by Congress which a lso
encouraged WMO to continue its
participation in the organizational
arrangements.
WMO was represented at both
the first and second sessions of the
Scientific and Technical Committee
for the IDNDR. These sessions were
held in Bonn and Guatemala City in
March and September and were
chaired by Mr J. P. Bruce (formerly
Acting Deputy Secretary-General of
WMO). WMO was also represented
at the Special High-Level Council
(SHLC ) for the IDNDR which was
convened for the first time at the
United Nations, New York, on 9 and
10 October to coincide with IDNDR
Day (9 October). This first session
was addressed by the Secretary• Tropical Cyclone Warning System General of the United Nations,
for the South-West Indian Ocean Mr. Perez de Cuellar. It elected
Mr Miguel de la Madrid (former
Region;
President of Mexico) as its chairman.
• Comprehensive Risk Assessment; The SHLC plays a fundamental role
and
in promoting the Decade and raising
• System for Technology Exchange support from governments, funding
for Natural Disasters (STEND).
organizations and the private sector.

WMO continued to play its part in
the co-ordinating mechanism established by the UN to pilot the IDNDR
and a senior WMO Secretariat staff
member was made avail able on a
part-time basis to work with the
IDNDR Secretariat in Geneva.

7
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WMO and UNCED-1992

ing 1991 as preparations proceeded
for the forthcoming UN Conference
The global consciousness of environ- on Environment and Development
mental issues related to sustainable (UNCED), scheduled for June 1992
development has been growing dur- in Rio de Janeiro, Brazil. Originally
- proposed as a follow-up to the 1972
Stockholm Conference on Environment, UNCED has been expanded to
include closely-related development
issues also. Such concerns as climate
change, ozone layer depletion, and
loss of biodiversity as well as the
future conduct of man's social and
economic activities including their
impact on the relationship between
developed and developing countries
have magnified the world-wide interest in the conference.
IN OUR HANDS

Preparations for the conference
have been taking place through the
UNCED Preparatory Committee
which held its third session in
August/September 1991 in Geneva
and which will meet again in
March/April 1992 to finalize preparations for Rio. In addition to the
UN conference, non-governmental
organizations will hold a simultaneous meeting in Rio called the 1992
Global Forum. These groups have
been active in the UNCED preparations and are expected to playa
role in implementing the decisions of
the conference.
All of WMO's programmes are
linked to the conference and will be

PRINCIPLES FOR THE EARTH CHARTER
The Earth Charter is expected to be an UNCED statement of principles
for the guidance of individuals and countries. The following, of
relevance to WMO's areas, were proposed for consideration.

Guaranteed quality of global commonsatmosphere and oceans
All people shall have the right to a guaranteed quality of natural environmental "global commons", including the atmosphere and ocean, and
shall have the right of access to authoritative information on the state of
those resources and their impending changes through adequate monitoring and relevant studies.
Action has therefore to be taken to ensure the protection of the
atmosphere and oceans as precious resources belonging to all
humanity-the "global commons".

Guaranteed protection of life and property
against natural disasters
All people shall have the right to an adequate level of protection of life
and property against natural disasters and other threats to their
security, and therefore should have the right to receive adequate warning of impending natural disasters and to benefit from adequate
preparedness systems.
As 70% of disaster-causing phenomena are meteorological and
hydrological in origin, the importance of the contribution that national
Meteorological and Hydrological Services can make to ensure
preparedness against disasters is obvious. Their active partiCipation in
the formulation of national attitudes and of strategies that might be
developed is also important.

8

Guaranteed access to adequate freshwater
resources
All people shall have the right of access to adequate freshwater
resources, in sufficient quantity and quality through sustainable
management of those resources based on authoritative information
obtained from systematic observations and assessments both at
national and international levels.
Fresh water will become a most precious element in the decades to
come. For this reason, water resources management will become an
important area of concern which must be given proper attention. Both
surface- and groundwater pollution are continuously contributing to the
decrease of fresh water availability.

Guaranteed provision of food
All people shall have a guarantee of adequate food security, through
sustainable management of agriculture, forestry, fisheries, land use, and
related sectors. Sustainable management will be based on effective
early warning and information systems, appropriate services and
conservation of biological diversity.
There has also been degradation of the agricultural resources due
to desertification, drought, and other processes. Drought and climate
variability have had a profound influence on agriculture, leading to
deterioration of ecosystems, reduced capacity for sustained agricultural
production, and widespread famine.

--,
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dealt with in the documents
produced for Rio. Presently, the
expected outcome from UNCED will
include a general statement of principles , a specific plan of action to
carry out those principles (called
Agenda 21), a statement of principle
on forest s, and two conventions: one
on climate change (see p. 10) and the
other on biodiversity.
In preparation for UNCED, WMO
h as participated in several meetings
which considered specific issues for
the conference such as that on the
fut u re needs for scientific research
(ASCEND '21, sponsored by the
International Council of Scientific
U nions in Vienna in November
1991). In addition, WMO has been
responsible for organizing the
International Conference on Water
a n d the Environment (Dublin ,
J anuary 1992) (see p. 39) which will
propose a set of principles for the
future consideration of global freshwater issues, as well as relevant
areas for action.

To assist with the preparations for
UNCED, WMO has also produced
publications which deal directly with
the Organization's concerns for the
outcome of the conference, including
WMO and UNCED and Meteorology
and Hydrology for Sustainable
Development (for World Meteorological Day, 1992). The highlights of
WMO's proposals for inclusion in the
Earth Charter and Agenda 21 are
reproduced in the boxes below. WMO
Members were regularly informed
about UNCED developments including the preparatory process.
Specific areas of interest to WMO
which will be addressed at UNCED
include the atmosphere, oceans ,
fresh water, land use, drought and
desertification, education and training, technology transfer, plus specific
recommendations on the future role
of the UN system in the area of
environment and development. This
conference will help draw the attention of the entire world to WMO and
its programmes.

.
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As a re sult of UNCED , WMO
expects a heightened awareness of
the need to strengthen the Organization and its programmes, as well
as its relationship to other bodies of
the UN system and to international
non-governmental organizations .
UNCED is expected to pave the way
for major progress in addressing
complex environmental and developm ental issues and to set directions
for action during the rest of this
decade and into the 21st century.

Their future is in our hands, too (WMO/Sabine)

AGENDA 21
Agenda 21 is the UNCED action plan to meet the challenges extending to the 21st century. The following were proposed for
consideration as part of Agenda 21.

Free unrestricted exchange of environmental
data and information
Countries should promote the process of free, unrestricted exchange
of data and information related to the natural environment.

Strengthening of national agencies
Countries should promote the strengthening of national atmospheric,
hydrological, oceanographic and geophysical agencies to enable
those agencies to undertake studies of the natural environment and
adequate systematic observations over areas within national jurisdictions and to contribute to measurements of the global commons.

Development of early warning system
The relevant UN bodies, in co-operation with countries and NGOs,
should promote co-operation in the development of early warning
systems concerning changes in the environmental systems, including
the atmosphere, ocean, land and fresh water.

Priority areas for research
The relevant UN bodies in co-operation with governments, industry,
research institutions and NGOs should identify priority areas of scientific, technical, and socio-economic research on behaviour and
response of components of the natural environment under stress due
to human activities.

Strengthening international activities on
observations and research
Relevant UN agency activities in co-ordinating, standardizing and
organizing observational programmes, including data exchange and
research studies should be strengthened.

Partnership of environmental and developmental agencies
International agencies responsible for providing authoritative scientific
information on the main components of the global environment
should be included as equal partners with economic and environmental protection agencies, in co-ordination mechanisms for
environmentally sustainable development.

Understanding natural environment in its
entirety
The relevant UN bodies, countries, and NGOs should, in organizing
systematic observations and research programmes, recognize
complex interrelationships among environmental components including cycles of water, energy and various substances (e.g. carbon).

9
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Intergovernmental Panel on
Climate Change (IPCC)
At its fifth session, the WMOIUNEP
IPCC gave priority to the following
short-term (about a year) tasks:
• Assessment of national net
greenhouse gas emissions;
• Prediction of the regional distribution of climate change and associated impact studies, including
model validation studies;
• Issues related to energy and
industry;
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IPCC information exchange seminars

IPCC MEETINGS*
Date and place

Title

15 February
Washington, DC, USA

IPCC Bureau third session

13-15 March
Geneva

fifth session

8-9 August

IPCC-

Geneva

IPCC Bureau fourth session

29-31 October
Geneva

sixth session

*

• Forestry-related issues;

IPCC-

Excluding working groups, workshops,
subgroups and task forces of IPCC

• Vulnerability to sea level rise; and
• Emission scenarios.
IPCC decided that it should complete its second assessment of
climate change by 1994-1995. It also
adopted the principles guiding its
work (i.e., its rules of procedure).
At its sixth session, the panel
re-elected Professor B . Bolin as
its Chairman for a second term,
and retained Drs A. AI-Gain and
J. Adejokun as its Vice-Chairman
and Rapporteur, respectively. It also
established a task force to review its
structure. Pending recommendations of the task force and as an
interim measure, the panel expanded its Bureau by electing India and
Germany as vice-chairs of Working
Group I, Argentina and Kenya as
vice-chairs of Working Group II and
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Peru as a vice-chair of Working
Group III.
The panel decided to issue an
IPCC supplement early in 1992. This
3D-page supplement, which will be
based on the six tasks enumerated
above, will be presented to the the
Intergovernmental Negotiating
Committee (INC) for a Framework
Convention on Climate Change at its
fifth session in February 1992.
Participation of developing countries

An amount of SFR 2 340 000 is
provided in the 1991-1992 budget to
support the participation of developing countries in IPCC activities.
During 1991, over SFR 917 000 was
spent on more than 170 missions for
experts from such countries.

With funding provided by Norway
and the UK, the IPCC Secretariat
conducted 12 seminars on climate
change as follows: Africa (5), Latin
America (3), Central America and
the Caribbean (2) and Asia (2). One
of the seminars in Africa (Kenya)
was jointly organized with the INC.
The seminars were successful in
reaching senior-level decisionmakers (i.e., ministers) in general
and in two cases (Venezuela and the
Philippines) the President and the
full Cabinet.

WMOand INC
The Intergovernmental Negotiating
Committee for a Framework Convention on Climate Change, which
was established by UNGA Resolution 45/212 , held four meetings in
1991 in its effort to produce a convention which could be open for
signature at UNCED in June 1992.
One more meeting, with an option
for a second, is scheduled in 1992.
WMO was actively involved in
assisting the negotiation process;
firstly by providing funding and
seconding one professional and two
secretarial staff to the ad hoc secretariat , which was established in
Geneva to support the Committee,
and secondly, by attending each
negotiating session to give information and assistance, as required, to
the negotiators.

Vulnerability to sealevel rise associated
with climate change
is one of the major
concems of UNCEO,
it is also the subject
of a study currently
being carried out by
the WMO/UNEP
IPCC (WMO/Genier)
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far back a s the formation of the
World Climate Programme and the
s ub sequ ent establishment of the
Intergovernmental Panel on Climate
Change and now involves the entire
world. The future of the Organization is intimately linked with the
outcome of this process.

WMO and GEF

Sustainable agricultural development will be vital for present and future generations (WMO/Genier)

The INC negotiating process has
closely followed the previously
successful negotiations on the
Vienna Convention, the Montreal
Protocol and its London Amendments which deal with stratospheric
ozone depletion. However, several
aspects of the climate change negotiations make the process unique:

on the World Climate Programme,
the Global Climate Observing
System, and the Intergovernmental
Panel on Climate Change. WMO has
followed the negotiations closely and
provided assistance, on request, to
Members involved in the negotiations on issues such as scientific
definitions, needed improvements in
observational and research activities
- Extra-budgetary funding was
and future education, training and
provided to pay for developing
public awareness opportunities. In
country participation in each
addition, WMO is vitally concerned
negotiating session, resulting in
with the future administration of the
increasing numbers of developing
convention including involvement
countries at each session;
with the Conference of the Parties,
- The negotiations have to cover an the secretariat and future legal
array of issues, from sources and instruments related to the convensinks of several different green- tion. WMO Members were regularly
house gases to the impacts of apprised of the developments relaclimate change on local and ting to the INC.
regional levels; and
The UNGA is scheduled to review
the progress during its 47th session
- The deadline for the negotiations
(1992-1993). This process began as
was fixed and an outline of the
expected, substantive results was
given by the UN General Assembly.

In November 1990, a three-year pilot
fin a ncing programme called the
Global Environmental Facility
(GEF) was established jointly by
the International Bank for Reconstruction and Development ("World
Bank"), the United Nations Environment Programme (UNEP) and the
United Nations Development Programme (UNDP). The primary areas
of concern for the GEF are global
warming, ozone layer depletion, loss
of biodiversity and pollution of
international waters. The pilot
programme is geared to support relevant investment projects, technical
assistance, and applied research, in
developing countries, particularly
stressing innovative approaches.
WMO has submitted proposals to
the GEF to expand the network of
stations making global observations
of ozone and other atmospheric
constituents, as well as to enhance
global climate observations. When
implemented, these will help reduce
uncertainties in estimates of future
climate change and improve understanding. At least, partial funding
has been obtained.

INC MEETINGS*

As with the negotiations on ozone
layer depletion, environmental and
industrial non-governmental organizations world-wide were encouraged
to participate in the process. It has
been also recognized that the climate
change negotiations are dealing with
an issue that has broader implications for society than any previous
negotiations.
WMO's primary interests in the
outcome of the negotiations focus
around the impact of the convention

Date and place

Title

4-14 February
Washington, DC, USA

1st negotiating
session

19-28 June
Geneva

2nd negotiating
session

9-20 September
Nairobi

3rd negotiating
session

9-20 December
Geneva

4th negotiating
session

11
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The global average surface temperature in 1991 , based on land and
marine measurements, was 0.34°C
warmer than the 1951-1980 average, making it provisionally (the
ranking of years may change slightly
when late data are received ) th e
second warmest year after 1990
(+0.39 °C) in nearly 140 years of
comparable measurements. Third
warmest is 1988 (+O.32°C), followed
by 1983, 1987, 1989, 1944 and 1981.
The 1991 value continues the pattern
se t by the 1980s, which was the
warmest decade on record, notably,
as was the case with 1990 , over
Eurasia and western North America.
Although it is still too early to link
the recent concentration of warm
years with the influence of increasing
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greenhouse gases , international
scientific opinion strongly supports
that explanation.
The first half of 1991 was as
warm as 1990, but by the end of the
year the average temperature had
decreased by about 0.2°C. The eruption of Mount Pinatubo, Philippines,
in June may have contributed to this
cooling, but other recent years h ave
shown similar declines, without any
volcanic eruptions. The cooling was
countered to s ome extent by the
beginning of an E l N ino warming
event in the eastern tropical Pacific,
which intensified during the last few
months.
Another volcano which erupted in
1991 was Mount Hudson in Chile.
The injections of sulphur dioxide and
dust into the stratosphere by the two
volcanic events is clearly depicted
in the maps (right) of aerosol optical
depth (AOT).
More detailed information and
analyses are contained in the
monthly Climate System Monitoring
Bulletins issued by WMO.

EI Niflo/Southern Oscillation
(ENSO)
During the last two months of the
year, th e development of convection
in th e central equatorial Pacific
completed the pattern which characterizes the mature phase of a warm
Pacific (ENSO) episode. Consistent
with this evolution , drier-thannormal conditions were observed in
many sections of northern Australia,
Indonesia and the Philippine s .
Wetter-than-normal conditions were
the case in the central equatorial
P acific, over northern Mexico and
the southern USA and over central
South America.
Throughout the year, positive seasurface temperature anomalies were
increa sing in many regions of the
tropical central and eastern Pacific,
as well as in the eastern equatorial
Atlantic and central tropical Indian
Oceans. By December, these anomalies were greater than +2°C along
the Equator near 160 0 W as shown
on the map (right).
Certain feature s of t hi s warm
episode evolved differently from the
1986-1987 ENSO. The sea-surface
temperature anomalies in December
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The aerosol optical depth (AOT)-derived from NOM polar-orbiting satellite data-in November
1990 (upper panel) and November 1991 (lower panel). AOT is proportional to the intensity of
reflected solar radiation, with a 0.01 change in albedo (reflection coefficient) corresponding to
each 0.1 change in AOT In the 1990 map, only tropospheric aerosols are present while the
1991 panel includes the stratospheric aerosols introduced by the volcanic eruptions of Mount
Pinatubo, Philippines and Mount Hudson, Chile. White in the figures either represents land, or
poorly illuminated or persistently cloudy areas (Stowe et al.)
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1991 were greater than those
observed in December 1986. Also ,
the area of enhanced convection
during November and December had
shifted farther eastward than that
observed in late 1986. Finally, the
low-level easterlies in the central
equatorial Pacific were substantially
weaker during the latter part of
1991 than at any time during the
1986-1987 warm episode.

Reg ion I-Africa
The rainy season across west-central
Mrica threatened to bring adversely
low rainfall totals to a few parts of
the Sahel , while flooding others .
Fortunately, the weather changed
before serious agricultural or hydrological harm was caused.
The season started early across
much of west-central Mrica, except
for the extreme west, as cool, wet
conditions persisted in May. Much of
the area experienced a significantly
drier-than-normal June and early
July, but mid-July and August rains,
particularly in the extreme west,
brought some relief. In parts of
Ethiopia, Senegal and Sudan, less
than 50 % of normal rainfall was
measured.
The figure below shows the percentage of normal precipitation
across the Sahel from June through
September and indicates that the
dry trend, which began in the middle
1960s, continued in the 1991 rainy
season.
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After a slow start to the rainy
season in southern Mrica, exceptionally heavy rains began in late
January. High temperatures and dry
weather temporarily ended the wet
spell in March, but the unusually
moist conditions were re-established
at the end of the month. Very dry
weather in April signalled the
premature end of a short but wet
1990-1991 rainy season.
In respon se to the warm ENSO
event, the start of the 1991-1992
rainy season was characterized
by extremely dry and warm conditions in parts of southern Africa.
Particularly hard hit were Zimbabwe
and southern Mozambique with
severe water shortages, and consequent loss of crops and livestock.

Region II-Asia
The Bangladesh typhoon in late April
was the tragic lead weather story in
1991: more than 138 000 lives were
claimed by the six-metre-high waves
and winds of 270 km per hour.
The summer monsoon season over
the Indian peninsula had, in general,
near-normal precipitation: in Sri
Lanka and south-western India,
June rainfall brought widespread
flooding and landslides, while rainfall decreased toward the north-west
through central India into central
Pakistan. The season's total rainfall
for India as a whole was 92 % of
normal. The advance of the monsoon
rains slowed throughout June and
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July and finally spread into northwestern and central India where
moisture deficits had developed.
Variable precipitation affected
much of eastern Asia during the
year. Dry weather marked the beginning of the year except for abundant
rains in southern sections of the
Region . However, wet conditions
prevailed across eastern China and
Japan through March and April.
Abnormally dry conditions developed
across the south-eastern parts of the
Region during May and June, while
heavy rains drenched north-eastern
China. Torrential rains and severe
flooding afflicted the Yangzijiang
Valley in China, south-western
Japan and South Korea during early
and middle July. By late September,
six tropical cyclones had directly
affected Japan, one of which, typhoon
Mireille, caused more damage than
any storm since 1971.
Hot weather, spreading westwards from Canada and Alaska,
affected much of Siberia in June
through much of July. Hot and dry
weather affected crops across Russia
and Kasakhstan during the same
period. Although cooler weather
returned rather quickly, the area
remained unfavourably dry until
rains brought relief in mid-July.

Region III-South America
At the start of 1991, in the middle of
the October-to-April rainy season,
dry weather prevailed across much
of central South America and light
rains in late January and early
February did little to reduce moisture deficits. In March, late season
warm weather developed and the
area again became drier, but heavy
rains abruptly ended the dry spell
towards the middle of April. Very
heavy rains persisted across parts of
north-eastern Argentina, extreme
southern Brazil and Uruguay from
late April into May. Above-normal
rainfall was measured for the Region
as a whole. After a few dry weeks
during late May and early June,
heavy out-of-season rains soaked the
Region. Seasonable dryness again
prevailed by early July.
At the end of the year, the most
persistent continuing anomalies
were the four- to nine-week dry

spells in west -central Argentina
and south-eastern Brazil. The dry
weather was accompanied by warm
conditions in the nort h-west of
the Region but cold weather moved
into north- central Argentina and
western Par aguay in the first half of
November.
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The west coa st of North America
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endured its fifth consecutive abnormally dry rainy season during 1990
and 1991. Precipitation totals were
exceptionally low in January and
February. March brought heavy rain
Percentage of the USA with very warm or very cold conditions during 1991 (National Climatic
and snow in California but this
precipitation could not counteract
Data Center, NOAA)
five years of drought. The end-ofyear wet season started late with
numerous wildfires scorching the southern hemisphere to experience much of Europe after an unusually
western forests.
widespread dryness through the warm March and caused damage to
The year began with arctic air 1990-1991 rainy season . However, France's grape and other fruit crops.
chilling the west of North America near-normal February rainfall in
Torrential rains struck parts of
a nd remaining until February in northern New South Wales and Europe during the last two weeks in
south-eastern Canada. An early- southern Queensland made for July, flooding areas from southern
season heat-wave engulfed much of slightly more favourable conditions. Germany south-eastwards to the
the continent and a hot dry summer Northern coastal Queensland received Black Sea. In Romania, a dam burst
followed , which generally persisted excessive rainfall, particularly during washing away entire villages and
until hurricane Bob hit the north- the first two months of 1991.
the worst Austrian floodin g in
east in August. In the USA (see
In September, the approach of 30 years closed the River Danube
figure), well above normal tempera- spring failed to bring the usual to ships between Linz and Vienna.
tures prevailed for seven months in increase in rain and sizeable mois- Then, as testimony to climate variat least ten per cent of the country. ture deficits spread across much of ability, abnormal dryness spread
In contrast, more than ten per cent eastern Australia. Heavy rains in across most of the European contiof the country was exceptionally cold the northern areas in late November nent during August and high
during only one month (November). and more moderate precipitation temperatures aggravated conditions
Mexico experienced torrential during December ended the short- in early September. The River Rhine
rains and extensive flooding in late term drought. This slow start to the dropped to a dangerously low level,
June and most of July.
1991-1992 wet season also corre- forcing barges to reduce their loads
lates closely with the typical warm to about one-third of normal.
Region V-South-West Pacific
ENS a precipitation signal for the Widespread rains brought needed
The year began with exceptionally area.
moisture at the end of September
dry weather except for abundant
Very heavy precipitation drenched but unseasonably high temperatures
rain s in March across southern much of New Zealand from late July persisted well into October. A sharp
Luzon and northern Mindanao to early September. Drier conditions cold wave in late October brought an
(Philippines) associated with returned as September progressed.
abrupt end to the warm spell.
typhoon Sharon. The dry conditions
across Indonesia which persisted Region VI-Europe
into October and created ideal condiShort-term dryness was widetions for extensive wildfires in the spread across eastern Europe as
western half of the country were the year began . Bitterly cold air
ended by general moderate-to-heavy moved across the continent during
rainfall in the middle of December. late January and early February,
This anomalous pattern is consistent accompanied by heavy snows in
with the typical warm ENS a event many areas. Precipitation deficits
response in the Region.
remained after the cold wave until
South-eastern Australia was early March when rains began. A
the only crop-growing region in the late cold outbreak in April invaded

15

WMO ANNUAL REPORT 1991

In February 1991, the world faced a
unique environmental pollution
crisis of an order never before experienced when more than 600 oil wells
were set ablaze in Kuwait. It posed
an extremely serious threat to the
environment with a likelihood of
severe short- and long-term damage.
Within the UN system, WMO has
the responsibility to provide authoritative scientific information and
advice on the state and behaviour of
the global atmosphere. WMO therefore assumed responsibility for the
atmospheric component of the joint
UN Inter-Agency Action Plan to
assess the environmental effects of
the Kuwait fires.
In April, 54 experts from 14 countries met in Geneva to co-ordinate

WMO ANNUAL REPORT 1991

the urgent tasks confronting them.
Existing structures, i. e. the World
Weather Watch and th e Global
Atmosphere Watch, would provide
the foundation for these efforts.
The first step was to r e-establish
the basic obs erving and telecommunications systems of the Kuwait
Meteorological Service, especially at
the airport. Thanks to the loan of
equipment from a commercial enterprise, the radiosonde station at the
airport is working again. It is providing reliable atmospheric sounding
data which are transmitted regularly through a data -collection
platform (also loaned by commercial
company) using METEOSAT and
inserted into the Global Telecommunication System (GTS) for global
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exchange. In addition, 16 meteorological towers were erected (with
support from NOAA, USA) and associated communications equipment
installed to monitor the surface wind
field which provides critical input for
plume monitoring and prediction
activities. The GTS connection was
also re-established with the transmission hub in Jedda.
While the fires were burning,
WMO co-ordinated efforts to produce
short-term forecasts of atmospheric
transport and dispersion of pollutants to evaluate the scope of
the disaster. These daily forecasts
were provided by the Air Resources
Laboratory of NOAA, the Royal
Netherlands Meteorological Institute and the Lawrence Livermore

At a newly erected meteorological tower, a technician checks the datalogger, within
the white enclosure, to ensure the instruments are working correctly and that
communication is properly established with the base station (Randy White)

At 2 p.m. local time, a dense smoke cloud blocks the sunlight. Air is being drawn
inward from all directions by the oil well fires because there is no prevailing
wind. Technicians are making a final check of the newly erected
meteorological tower in the foreground (Randy White)
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National Laboratory, USA. As a
special service, the World Meteorolo gical Centre , Washington, also
provided forecast wind profiles for
Kuwait on a daily basis. In addition
between March and July, four aircraft were involved in investigations
of the smoke plume: two from the
USA and one each from Germany
and the UK.
These investigations revealed that
the plume varied from day to day
depending on meteorological conditions. In stable conditions, with low
wind speeds, the plume was shaped
in the form of a shallow cumulus
cloud, extending from a base of 300
to 600 metres to a height of 2 500 to
3 000 metres or a little higher. In
most instances, the plume initially
rose rapidly due to the heat of combustion . Only about 20% of the
particles emitted was soot. Consequently, the smoke was not as
optically black as expected and therefore did not absorb as much solar
radiation as very black smoke would
hav e done. Even so, the smoke
absorbed about 80% ofthe solar radiation incident on it and reflected
about 10% thus reducing surface
temperatures in the vicinity of the oil
fires.
During the first four months, CO 2
emissions were estimated to be
about 2 million tons a day, a little
more than 2% of the global daily CO 2
emissions , which would have a
negligible greenhouse effect. The
S02 emission rate of about 20 000
tons per day was much more
substantial on the global scale since
it represents additional sulphur
equivalent to the daily emissions of
France, Germany and Italy together
or five times the daily emissions of
J apan. The NO x emissions were
reported to be rapidly oxidized
(about 60% per hour) thus being
unlikely to influence the global NO x
background or global tropospheric
ozone. However, on a regional basis
away from the source, the plumes
were a net source of tropospheric
ozone.
There is no evidence that any
substantial amounts of smoke
reached the stratosphere, although
the plume was tracked to distances
thousands of kilometres from the

Spread of smoke
from about 500
oil fires on 16 May
1991 according to
the dispersion model
of Lawrence
Livermore National
Laboratory, USA.
It enhances the
vertically integrated
optical depth
to about 10 over
40 000 km 2, to 1
over 2 000 000 km2
and to O. 1 over
5000000km 2
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source . This indicates that the
residual time of the pollutants in the
atmosphere was relatively short.
Steps have also been taken to
establish new GAW stations in the
downwind areas, in Iran, Pakistan
and on the Red Sea coast of Egypt,
where data are lacking. Each station
will monitor atmospheric turbidity,
precipitation chemistry, aerosol
composition, black carbon, surface
ozone, UVE radiation, radiation
balance components, all of which,
combined with automatic meteorolo gical station observations, are
recorded on a computer for easy
access. The Canadian Atmospheric
Environment Service provided
technical expertise to ensure the
rapid acquisition, assembly and
installation of the instruments.
An initial analysis of available
data and information indicated that,
except for people with respiratory
problems, health effects were not
significant and concentration levels
of many pollutants in the air did not
normally exceed the levels found in
many industrialized countries. It is
generally agreed that climatic effects
on a global scale, if any, will also not
be significant. As regards regional
effects, preliminary modelling of the
heavy smoke plume indicate d a
significant cooling of a few degrees
below the smoke in the immediate
area of Kuwait, and abnormally
warm air above the plume. Downwind, where the plume was not as

50

60

E

intense, the long-range transport of
pollutants caused increased acidity
in precipitation in, for example, Iran
and Yemen.
A scientific assessment of this
major event will be conducted during
a meeting of experts in May 1992.
The emergency response to the
Kuwait oil fires is an example of
quick and straightforward reaction
to a major environmental threat,
based on generous contributions
from Members and industry and the
readiness of scientists to pool their
research efforts in assessing the
disaster and mitigating its effects.
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Global Observing System (GOS)
GOS and Global Climate Observing
System

The WWW Global Observing System
is perceived to be a crucial building
block for the Global Climate Observing System (GC OS ) instituted by
Eleventh Congress. The present
contribution of GOS to the total
climate database and that projected
for the year 2000 are shown in the
table below.
Although the GOS is principally
designed to acquire and exchange
data in real time, it will continue to
provide the majority of the data that
is being assembled into sets and
archives for climate monitoring and
research programmes. Special
requirements specified by GCOS will
require some adjustment and accommodation within the WWW system.

Global monitoring, data
availability and quality
Annual monitoring

Within the plan for monitoring the
operation of the WWW, participating
centres collect and compile the monitoring data and send them to the
WMO Secretariat where they are
analysed, counted and compared to
produce statistical records for the
assessment of data availability. The
comparison of the compiled results
with the agreed upon plans often
discloses discrepancies. The basic
idea is to reveal the cause and
precise nature ofthe problem to help
Members concerned take practical
corrective action.
In an extensive, co-ordinated
effort, the workinglimplementation
and co-ordination groups of the
Commission for Basic Systems
(CBS) jointly conceived and, in 1991,
began implementation of two major
improvements to the monitoring
mechanism, which work as follows:
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• WWW centres collect an d store
monitoring data on floppy di sks
in an agreed upon, standardized
database format and send them to
the Secretariat, thus replacing
printed or handwritten lists of val'ious formats and manual data entry;
• The Secretariat uses specific
computer programs to read the
data into a database, provides the
reference data in a compatible
format , performs the statistical
evaluation and generates monitoring reports , thus speeding up
the evaluation process.
This approach can only be successful if the proper software is
available. Computer programs are
being progressively developed by
various Members for WMO. The
software will also be made available
to Members. This will not only
improve the quality and effectiveness of global, annual monitoring,
but will also encourage Members to
organize monitoring on national and
local scales. These arrangements

should lead to an overall improvement of data avai lability in the
WWWsystem.
Lead centres for monitoring data
quality

CBS has designated three lead
centres for monitoring data quality:
the Regional Specialized Meteorological Centre (RSMC ) ECMWF for
upper-air data, RSMC Braclmell
for marine-surface data and the
World Meteorological Centre (WMC)
(N a tional Meteorological Centre
(NMC)) Washington for satellite and
aircraft data.
For each type of observation
the relevant lead centre regularly
evaluates quality by data assimilation methods using numerical
models and by comparing the data
with t h e resulting analysis fields.
Findings are confirmed with other
major WWW centres and then, every
six months, each lead centre creates
a consolidated list of suspect observations. The list is sent to the
Secretariat which notifies Members

CONTRIBUTION OF GOS TO THE TOTAL CLIMATE DATABASE
FOR 1990 AND PROJECTION FOR 2000
Number of stations
(Number of observations per day)

Observation

1990
Surface synoptic
Mobile ships
Drifting buoys
Moored buoys (including oil rigs, etc.)
Radiosonde (land)
Upper wind only
Wind profilers
Automated shipboard upper-air systems
Aircraft reports (non-automated)
Automated aircraft reports
Soundings from satellite data
Sea-surface temperature
Cloud motion vectors
Satellite imagery

9500
7000
300
170
820
600
5
15
3 000
3

Estimate 2000
(20000)
(3500)
(2500)
(600)
(1200)
(1000)
(60)
(30)
(4500)
(150)
(10000)
(50 000)
(7 000)
(500)

10000
7500
600
300
900
700
100
50
3000
1000

(30000)
(5000)
(5000)
(800)
(1400)
(1500)
(1200)
(125)
(4500)
(100000)
(25 000)
(125 000)
(15 000)
(1200)

WORLD WEATHER WATCH PROGRAMME MEETINGS
Date and place

Title

18-22 March
Geneva

EC Working Group on Accidental Release of Hazardous
Materials - second session

18-22 March
Geneva

EC Panel of Experts on Satellites

22-24 July
Boulder, USA

Workshop on Management of Atmospheric Data collected in
Gulf Region in response to Kuwait Oilfield Fires

27- 29 August
Geneva

Co-ordination Group for the Composite Observing System for
the North Atlantic (COSNA) - second session

17- 18 September
Reading, UK

Scientific Evaluation Group - Co-ordination Group for COSNA second session

30 Sept.-4 Oct.
Tokyo, Japan

RA II Working Group on Planning and Implementation of
WWW - first session

21 -24 October
Geneva

Expert Meeting on Antarctic Telecommunications

21 -25 October
Geneva

Expert Meeting of the CBS WG/GDPS on Operational Matters
of WMCs, RSMCs including Co-ordination of Output Products

4-8 November
Melbourne, Australia

CBS Advisory Working Group - sixteenth session

11 -15 November
Reading, UK

Expert Meeting on Specific WWW Data Management
Functions

25-29 November
Dakar, Senegal

RA I Training Seminar on Operational Use of NWP Products

2-6 December
Hamburg, Germany

Training Seminar on WWW Data Management and Monitoring
Aspects

GOMS, will be placed at 76°E and
form an integral part of the WWW.
EUMETSAT has plans for a second
generation METEOSAT (MSG)
which will have more spectral channels. Before MSG is launched,
however, a transitional geostationary
satellite is planned for 1995. The
USA's next generation GOES-NEXT
will include improved capabilities
using independent imaging, sounding and WEFAX, higher resolution
and improved pointing accuracy.
Polar-orbiting satellites

The present series of NOAA polarorbiting satellites will continue with
improved observational capability,
particularly for atmospheric sounding, starting from NOAA-K. China
has flown two experimental polarorbiting satellites, FY-lA and FY-lB,
each providing data in a format
compatible with any HRPT ground
receiver.
Research satellites

Seven implementation co-ordination meetings also took place on telecommunications and
data management.

of the findings and encourages them
to correct possible causes of error.
It was also decided to designate
one lead centre in each WMO Region
to monitor the quality ofland surface
observations. WMC Melbourne and
RSMC Tokyo are the lead centres
for RA V and RA II , respectively.
Designation of lead centres in other
Regions is under consideration.

WMO satellite activities
The WMO Executive Council Panel
of Experts on Satellites, which
includes members from satelliteoperating countries, met in Geneva
in March 1991. Satellite operators
provide valuable support for the
work ofWMO Members. The efforts
of EUMETSAT to maintain continued service over the Atlantic Ocean
by moving one of its satellite to 500 W

were particularly appreciated. Plans
for changes and improvements to the
space-based portion of the GOS are
summarized below.

The space research organizations ,
notably NASA, ESA and NASDA,
have ambitious plans for their programmes which wi ll a llo w the
observation of the Earth as a total
system. The necessary distribution
and archive facilities will be included
in the ground-processing systems to
enable research and operational
communities world-wide to access
the data. These programmes will be
a cornerstone of the new GCOS.

Global Telecommunication
System (GTS)

Geostationary satellites

New trends in telecommunications

Japan is developing its next geostationary satellite, GMS-5 which is
scheduled for launch in late 1993 or
early 1994. The new satellite will
have additional observational spectral bands in the IR and minor
changes in the visible spectrum for
water vapour measurements. GMS-5
will also carry experimental search
and rescue equipment. China has
announced plans to fly a geostationary satellite, FY-2, before the middle
of the decade. When launched, the
USSR's'" geostationary satellite ,

Special satellite-based collection and
dissemination systems with global
and multi-regional coverage are
playing an increasing role in the
GTS at global, regional and national
levels. This is particularly true in
geographical areas where conventional telecommunications cannot
provide the cost-effective services
required by Members.
These systems are built into both
public satellite-based communication
services, such as INMARSAT, and
the data-collection missions of
meteorological geostationary and
polar-orbiting satellites. All meteoro-

;, See note on p. 1
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logical geostationary satellites are the existing deficiencies in Africa
capable of collecting messages from with respect to the availability
data collection platforms (DCPs ). of data and products at National
DCP messages are then transmitted Meteorological Centres.
to main ground stations and made
Some countries have set up
national satellite-based point-toavailable, as required, on the GTS.
The International Data Collection multipoint communication systems
System (IDCS), operated through for the distribution of meteorological
the GOES (USA), GMS (Japan), and data and products nationally, using
METEOSAT (EUMETSAT) satel- services provided by public commerlites, provides almost global coverage cial telecommunication satellites. A
for the collection of DCP messages plan was developed for the new
from ships, aircraft or balloons Regional Meteorological Telecomwhich may move from the radio view munication Network in Region IV
of one geostationary satellite to based on two-way multipoint teleanother. The IDCS is used by the communication services via satellite
ASDAR and ASAP programmes to improve operations and to meet
respectively for the collection of the increasing requirements of
meteorological observations from WMO programmes for the rapid and
aircraft and of upper-air observa- reliable exchange of data and products in the Region.
tions from ships.
In addition to the direct provision
of cloud imagery and sounding data Antarctic telecommunications
to ground stations, some meteorolog- WMO's Antarctic meteorology activical geostationary satellites can ities have been gaining importance
distribute selected processed infor- in recent years with Antarctic
mation from major forecasting research and operations continually
centres in chart form on WEFAX expanding. The operation and mainchannel (GOES, METEOSAT). The tenance of Antarctic observing
METEOSAT operational programme networks and the timely transmisincludes a service for distribution of sion of data by means of the GTS are
data and information in alphanu- essential components of the WWW
meric and coded digital facsimile system. The Expert Meeting on
form, called Meteorological Data Antarctic Telecommunications held
Distribution (MDD), planned to be in Geneva in October 1991 focused
fully operational in 1992. The MDD its attention on the organization of
is undergoing a system evaluation as efficient telecommunication facilities
part of OWSE-Africa and is expected and procedures for the collection and
to contribute greatly to overcoming distribution of observational data

Sixteenth session of the CBS Advisory Working Group (Melbourne, Australia, November)
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from Antarctica as well as the transmission of processed information.
Thirty-five meteorological stations
comprising the basic synoptic network in the Antarctic transmit
observational data primarily via HF
communication systems to eight
collecting centres. Some stations
transmit their data directly to GTS
centres outside Antarctica via satellite means such as through DCPs. A
wider use of satellite-based telecommunication systems is expected to be
a major factor in upgrading the
operation of Antarctic meteorological
telecommunications.

Global Data-processing System
(GDPS)
Expanding GDPS capabilities

The GDPS capabilities, functions
and services continued to improve in
1991 with the introduction of more
powerful computers and/or higher
resolution analysis and forecasting
systems at the three World Meteorological Centres and at some of the 29
Regional Specialized Meteorological
Centres. Likewise, a number of
NMCs in Asia and the South-West
Pacific improved their capabilities,
functions and services through the
implementation of real-time dataprocessing functions and services
using micro/minicomputers. A survey was carried out to update the
requirements of WMCs and RSMCs
for numerical weather prediction
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The ASDAR system. ASDAR units fit well on the instrument rack of a Boeing 747 (British Airways)

(NWP) products from the GDPS.
Results were reviewed by an expert
meeting of the CBS Working Group
on the GDPS.
Bridging the gap between the
levels of GDPS centres in developed
and developing countries is vitally
important. With that in mind, the
fi rst phase of a Roving Training
Seminar on the Operational Use of
NWP Products was held in Dakar,
Senegal (November 1991) for North
and West Mrican French-speaking
countries ofRA 1.
An Expert Meeting on Operational Matters ofWMCs and RSMCs
Including Co-ordination of Output
Products was held in Geneva in
October 1991 to review procedures
for quality control of observational
data at WMCs and RSMCs , nonreal-time data processing at GDPS
centres and the generation and
exchange of climate diagnostic and
other non-real-time products. The
meeting recommended that, in the
first instance , a few centres be
invited to begin distribution of nonreal-time products, pending further
consideration of the best means for
their full-scale dissemination on the
GTS. As regards verification and
comparison of NWP products, the
meeting suggested that a standard
interpolation scheme and, possibly,
other methods should be considered
to facilitate comparison of the skill
score (common verification method).
Following the recommendations
made by CBS-Ext. (90), a number

of Members have produced and exchanged verification statistics using
the same recommended scores on the
same specific areas. Monthly verification results were regularly sent to the
Secretariat by seven centres. Proposals to extend the verification
methods were implemented by three
centres which sent a new set of statistics to the Secretariat in 1991.
Verification results show slow but
continuous improvement of forecast
skills due mainly to the successive
improvement in data assimilation
systems and forecasting models .
Progress is not as spectacular as it
was during the early 1980s, reflecting a requirement for high quality
data with improved global coverage.

WWW implementation
The "hat trick"

WWW scored a "hat trick" in 1991
with milestones reached in three
major Implementation Support
Activities: ASDAR, COSNA and
OWSE-Mrica.
ASDAR

The Aircraft-to-Satellite Data Relay
(ASDAR) system reached maturity
when certification was obtained in
early 1991 from the UK and USA for
the use of ASDAR on B-7 4 7 and DC10 aircraft. At the end of 1991, four
units were in service, each providing
approximately 100 reports daily,
including profiles on landing and
take-off. The two initial units placed
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on a B-747 and a DC-10 of British
Airways in early 1991 were followed
by two more in stallations on the
same types of air craft of Continental
Airlines in the second half of 1991.
Two additional units are scheduled
for installation on British Airways
aircraft at the beginning of 1992.
The r emaining seven units will be
installed during 1992. An ext ensive
evaluation of the available data
showed them to be of high quality,
both at altitude and during take-off
and landing.
COSNA

Following the successful completion
of the OWSE-North Atlantic in
1988-89, a Co-ordinating Group for
the Composite Observing System for
the North Atlantic (COSNA) was
established. Major milestones for
1991 were (a) the conduct of addi tional studies was agreed to by the
Scientific Evaluation Group of the
Co-ordinating Group for COSNA,
(b ) a major report on ways to make
substantial improvements to the
North Atlantic observing network
was prepared, and (c) the Automated
Shipboard Aerological Programme
attained full deployment of 13 units
for the North Atlantic.
OWSE-Africa

Implementation of Phase I of OWSEAfrica was completed in 1991. In
total, some 68 data-collection platforms and 13 DCP receiving stations
(DRS) systems have been installed
in 13 countries of RA I and St.
Helena. However, the equipment
was either totally destroyed or was
out of service for long periods
because of internal turmoil in four
Member countries.
Countries like Ghana and Zaire,
where previously virtually no data
had been available, are now regularly able to exchange information on
the GTS. Where equipment is
installed and operating, data availability has been well over 90 %
for 1991. The early Phase II evaluations of the Meteorological Data
Distribution service began in 1991.
Participants at the MDD workshop
held in November agreed that
MDD was an extremely important
augmentation to the GTS in RA 1.
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The full Phase II evaluations will be
conducted in 1992 with from seven
to ten MDD user's stations at field
locations.

Automation is taking overWWW Data Management helps
Automation is on the march forward
in the meteorological community. In
order to fulfil their responsibilities,
WWW centres at the national,
regional and global levels need to
resort to computer systems. This
brings in its wake a number of
problems, especially for developing
countries who require special assistance to cope with the sophisticated
technology as well as the high
investment.
A WWW Data Management
(WWWDM) concept is being developed and implemented with a view
to providing a set of procedures,
functions and services that will
enable Members to obtain maximum
benefit from new types of observing
systems and the increasingly valuable output of NWP models. The
functions of data management are

those involved in the handling of
data from GOS and GDPS sources
through the GTS transport service to
the users. They include standards for
data representation and exchange
procedures as well as information
concerning the availability and quality of data and products.
Data representation

Agreed-upon forms for the representation of meteorological data are
being established. While alphanumeric representation forms ha ve
been maintained for decades, binary
forms are now spreading rapidly.
There is still a need to agree on suitable standards for graphical data
representation and image data.
The WWW is presently in an
open-ended transition period from
character to binary data representation forms. But it is unlikely that
binary codes such as BUFR and
GRIB will replace the current WMO
character-oriented codes in the short
term. A few selected, fully developed,
centres are being encouraged to take
on the responsibility for the develop-

THE INTEGRATED WWW SYSTEM
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ment and maintenance of software
for the manipulation of binary
messages. This will eliminate the
need for each centre to develop its
own software.
Data exchange

The best approach identified to
date , for the rapid distribution of
meteorological observations from the
GOS to the GDPS and from the
GDPS to users, is the store-andforward method. This approach is
currently used on the GTS.
However, GDPS centres find it
necessary to issue ad hoc requests
for meteorological data and products
and related information about data
collection and processing procedures,
and to send ad hoc notifications such
as information on irregularities in
routine production, missing observational data or products, erroneous
observations, etc. These ad hoc
transmissions are not well served by
the store-and-forward switching
methodology, because the GTS nodes
are unable to respond efficiently to
them. These considerations have led
to the formulation of the concept of
Distributed Data Bases (DDB) which
will offer additional functionality
within the WWW in the future.
Supporting activities

GOS

_RTH

WMO ANNUAL REPORT 1991

WWW Data Management functions

As a first step, introductory reference material is being prepared as a
Guide on Data Management. This
publication will describe the principal functions and services created
under WWWDM and summarize the
present level of development and
implementation.
There is also a strong requirement for workshops and training
seminars to propagate knowledge in
diverse fields such as telecommunications, computer technology,
software design, data handling techniques and related standards, so
that experts in national Services can
assume responsibility for initiating
specific projects under the WWWDM
banner.
Improvement of data management techniques in the WWW is
largely built around the creation and
implementation of computer-based
systems. To a large extent Members
have , or will have , the same data

management requirements and can
b enefit by u s ing standardi ze d
computer programs and software
techniques without "re-inventing the
wheel" many times over. In this
r egard, WWW maintains a registry
of software which Members are willing to make generally available to
the meteorological community.

WWW operational information
service
Equipment ha s been installed to
allow the distribution of operational
information on normal and high
density floppy disks , in 5 1/4 and 3 1/2
inch format , to meet the various
r equirements of different users. It is
expected that this new venture,
together with the current magnetic
tap e service , will contribute to
providing a better service to WWW
centres and Members.
A new edition of Volume D
(Information for Shipping) has been
prepared and will be issued in
January 1992. A desktop publishing
system linked to the mainframe of
th e UN International Computing
Cen tre allows a more efficient
processing and u pdating of graphical
information (maps and diagrams)
and a more compact presentation of
the text. A new edition of Volume C
(Transmissions) is being prepared in
the compact layout agreed by CBS.

Instruments and Methods of
Observation Programme
Standards and the real world: The
elMO struggle for better data

The Commission for Instruments
and Methods of Observation (CIMO)
conducted surveys of data and accuracy requirements and investigated
th e capability of instruments in an
effort to help Members produce
adequate measurements of sufficiently high quality to meet their
n ational requirements and those of
WMO programmes.
Using the results of the surveys
a s the basis for di scussion, WMO
organized a meeting on operational
accuracy requirements (Ge neva ,
June). Agreement was reached on
common accuracy specifications for
general WMO operational u se, to
replace the different specifications of

INSTRUMENTS AND METHODS
OF OBSERVATION PROGRAMME MEETINGS
Date and place

TItle

18- 22 February
Geneva

Working Group on Upper-air Measurements

25- 27 February
Geneva

International Organizing Committee for the WMO Radiosonde
Intercomparison, Phase III

28 Feb.-1 March
Geneva

International Organizing Committee for the Technical Conference
on Instruments and Methods of Observation (TECO-92)

11 - 15 March
St. Petersburg, USSR*

International Organizing Committee for WMO Solid Precipitation
Measurement Intercomparison

25- 28 March
Offenbach, Germany

Working Group on Aerodrome Meteorological Measurements first session

3- 6 June
Geneva

Expert Group on Operational Accuracy Requirements

17-21 June
Geneva

Working Group on Surface Measurement

24-29 June
Paris, France

Working Group on Weather Radars

24-25 September
Mont Aigoual, France

International Organizing Committee for Preparation of the
WMO Wind Instruments Intercomparison

8- 10 October
De Bilt, Netherlands

International Organizing Committee for the WMO Automatic
Digital Barometer Intercomparison

16- 17 October
Vienna, Austria

International Organizing Committee for the Technical Conference
on Instruments and Methods of Observation (TECO- 92)

18-22 November
Geneva

Study Group for Updating the CIMO Guide

25 Nov.-13 Dec.
Buenos Aires, Argentina

RA III Second WMO Regional Pyrheliometer Comparison

9- 13 December
Buenos Aires, Argentina

RA III Working Group on Solar Radiation

• See note on p. 1

Planning is already under way for WMO Intercomparisons of Wind Instruments which will be carried
out in 1992 and 1993 at Mont Aigoual Observatory (WMO/Schulze)
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each technical commission. These
specifications enhance the standardization of techniques and methods of
observation resulting in more costeffective equipment.
About 20 WMO international
instrument intercompa risons h ave
been organized s ince the early
1980s. The r es ults of these intercomparisons provide very u seful
information on achievable accuracies
and overall performance of instruments in field conditions. They help
Members to sel ect cost-effective
equipment of proven compatibility
which, in turn, promotes the standardi zation of in struments and
algorithms.
During the year, a large number of
me etings of CIMO working and
expert groups were organized. They
dealt with in-situ and remote-sensing
technique s, such as standards of
operational meteo r ological and
related measurements, intercomparisons and evaluations, establishment
of international calibration standard s, guidance material on new
developments and automation, operational, including maint en ance,
aspects and calibration methods ,
automatic and non-real-time quality
con trol , technology transfer and
specialized training.

A devastating tropical cyclone
year
Once again durin g 1991 many
cyclones formed over tropical areas
of ocean basins around the world .
Not all ma de landfall but those that
did caused di sasters of varyin g
severity. In general, early warnings
were provided by the res ponsibl e
na tional Meteorological Services
b ase d on a dvis ory services by
RSMCs s peciali ze d in tropical
cyclone forecasting. Centres already
so designated are RSMC MiamiHurricane Center, RSMC -tropical
cyclones New Delhi a nd RSMC
Tokyo-Typ hoon Center a nd those
propo se d are Nadi , Fiji and St.
Denis, Reunion, each for its respective area.
The most devastating cyclone, of
the past 20 years, in terms of lives
lo st, made landfa ll on the coast
of Bangla des h near t h e city of
Chitta gong on 30 April (see p. 7).

24

'

WMO ANNUAL .REPORT 1991

:.,,',., .. , .,:,~:t.,

._

~._'.

&,0
J:f'

~_L:':":'",...

7[1'

75"

DELHI ·
JPR •

.

Kf'

WMO ANNUAL REPORT 1991
"

W'

85"

95"

3J

TRACKS OF STORMS/DEPRESSIONS
(FOR lliE YEAR 1991)
- DEPRESSION
-STORM
SEVERE STORM
• POSITU),"IAT03OOUTC
• PQSITlQNAT1200UTC
• POSITION AT 03 &12 UTe ~ POINT OF DISSIPATION

25"

25

20

-/-----'\4---------1 . 5'

1[1' 1--------4--------+-

Tracks of tropical cyc/ones and tropical depressions in the Bay of Bengal region during 1991
(RSMC-tropical cyclones New Delhi)

Severe cyclones also struck the
Philippines during October and
November. Heavy rainfalls caused
by typhoon "Thelma" (local name
"Dring"), which struck the Central
Philippines on 5 November, resulted
in devastating flash floods and landslides in the Islands of Negros and
Leyte. The death toll was reported to

be in excess of 6 000. According
to local authorities, the effects of
the typhoon (such as flood s and
landslides) were compounded by
exten sive denudation of hillsides.
Support for the development of
early warning syst ems fo r tropical
cyclones has been provided by the
WMO Tropical Cyclone Programme

TROPICAL CYCLONE PROGRAMME (TCP)
Date and place

Title

29 Jan.-4 Feb.
Male, Maldives

WMO/ESCAP Panel on Tropical Cyclones - eighteenth session

18-27 March
Miami, USA

RA IV Workshop on Hurricane Forecasting and Warning

9- 15 April
Port of Spain,
Trinidad and Tobago

RA IV Hurricane Committee - thirteenth session

21-26 October
Mahe, Seychelles

RA I Tropical Cyclone Committee for the South-West Indian
Ocean - tenth session

28 Oct.-1 Nov.
RA I Roving Training Seminar on Tropical Cyclone Forecasting
Maputo, Mozambique, and
4-8 November
Sl. Denis, Reunion
25-29 Novem ber
Guangzhou, China

Technical Conference on SPECTRUM
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Following the oilfield fires, WW\IV facilities were re-established in Kuwait with assistance from the
National Oceanic and Atmospheric Administration (NOM) USA. The picture shows one of the new
meteorological towers (Randy White)

(TCP). The TCP also supported
programmes for strengthening the
response to warnings, public awareness and other aspects of disaster
preparedness and prevention.
Under the auspices of the
ESCAPIWMO Typhoon Committee
a special experiment on typhoon
recurvature and unusual movement
in the western North Pacific, SPECTRUM, was carried out in 1990
simultaneously with typhoon experiments conducted by the USA and
USSR*. As a follow-up, the composite data collected have been
distributed in the form of two
magnetic tapes to participating
national Services and interested
research institutions. Additional
data sets of enhanced cloud drift
winds and data sets from radar wind
profilers will be distributed later.
The USA is working on a fourdimensional data assimilation
scheme to combine all the observations into a final analysis set with 50
km horizontal resolution at 19 levels
in the vertical.
* See note on p. 1
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These data are used to obtain a
better insight into what controls the
movement of typhoons and the
research will ultimately lead to more
accurate operational predictions of
typhoon tracks. Studies are focused
on typhoon movement, anomalous
typhoon tracks, recurvature, westward movement and interaction with
large-scale atmospheric patterns.
Over forty papers were submitted
to the Technical Conference on
SPECTRUM (Guangzhou, China,
November), where researchers and
operational forecasters discussed
scientific studies, progress made and
results so far obtained. An increasing interest has been generated
towards solving the important problems of forecasting unusual motion
of typhoons, particularly in support
ofthe IDNDR.

',' t" -' ~'

~~

',: " 't:

scientific and operational aspects of
major nuclear and chemical accidents. WMO in co-operation with the
International Atomic Energy Agency
and other international organizations concerned, has been setting up
an early notification scheme and
data-exchange mechanism s to be
used in case of nuclear emergencies.
This includes the use of the GTS and
GDPS for the real-time exchange of
messages and observational data as
well as for the provision of analysis
and forecast products needed for
emergency assessment purposes.
After the Chernobyl accident
focus was mainly on nuclear emergencies. In recent years, however,
emphasis has shifted towards the
mitigation of major environmental
threats in general. Consequently, the
responsible EC body was renamed
Working Group on Environmental
Emergency Response and assigned
additional tasks covering all types of
short-term environmental disasters.
It will mainly have a co-ordinating
function. The actual work will be
carried out by CBS, CAS, CHy and
the EC Panel/CAS Working Group
on Environmental Pollution and
Atmospheric Chemistry.
A special type of environmental
emergency was created in 1991 by
the oilfield fires in Kuwait. The
efforts made to re-establish WWW
facilities and to monitor the environmental effects of the fires are
described in the special section on
pages 16 and 17.

The WWW responding to
environmental emergencies
Following the nuclear power plant
accident at Chernobyl in 1986, WMO
established an EC Working Group
on the Accidental Release of Hazardous Materials which dealt with the
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Advisory Committee on Climate
Applications and Data
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WORLD CLIMATE PROGRAMME MEETINGS
Dates and Place

Title

11-23 March
Kathmandu, Nepal

RA Il/RA V Training Seminar on the Presentation and Use of
Meteorological Data for Solar and Wind Energy

15-16 April
Paris, France

Preparatory Meeting for Archival Survey Pilot Project Evaluation

1-5 July
Lisbon, Portugal
and Luqa, Malta

Roving Seminars on Solar and Wind Energy

26-30 August
Helsinki, Finland

Expert Meeting on Production of Global Climate System Biennial
Review

1-4 October
Budapest, Hungary

Scientific Advisory Committee for the World Climate Impact Assessment and Response Strategies Programme (UNEP) - eighth session

21-25 October
Pec pod SrilZkou,
Czechoslovakia

Workshop on Energy Meteorology

21-25 October
Geneva

CCI Working Group on Climate Change Detection - first session

5-6 November
Geneva

Expert Meeting on CLiMAT Code Adaptation

7-8 November
Geneva

Expert Meeting on Tracking and Distribution of Climate System
Monitoring Data and Products

World Climate Data and Monitoring Programme (WCDMP*)

11 -1 5 November
Geneva

CCI Working Group on Climate Data - second session

WCDMP aims at upgrading climate
data management systems, providing information on the status of the
climate system and developing
climate databases. The Commission
for Climatology (CCl) Working
Group on Climate Data reviewed the
WCDMP projects in November.

19-20 November
Geneva

Advisory Committee on Climate Applications and Data (ACCAD) first session

25-27 November
Geneva

Expert Meeting on the Guide to Climatological Practices

The Advisory Committee on
Climate Applications an d Data
(ACCAD) was re-established by the
Executive Council with expanded
terms of reference. Its membership
includes the pre sidents of CCl
(chairman), CAgM, CBS, and CRy,
and representatives of the World
Meteorological Centres (Melbourne,
Moscow and Washington) as well as
representatives of organizations
actively involved in WCP, such
as UNESCO/lOC, FAO, UNEP and
ICSU.
At its session in Novemb er,
ACCAD emphasized the need to
continue encouraging the free
exchange of climate data and to
give due attention, a long with
climate change impact assessments, to applications of knowledge
of current climate.

CLiCOM

Eleventh Congress continued its
strong support of the CLICOM
project and noted that systems were
operational in nearly 100 countries,
and planned in 20 others. Six recent
installations have a new generation
ofCLICOM hardware based on more
powerful personal computers.
* The former World Climate Data Programme ,
was renamed by E leventh Congress in May
1991 , to underscore the importance of climate
system monitol~ng
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CLICOM Data Inventories from
nearly 30 Members show that some
countries need help in operating
their systems. Congress stressed
the need for system maintenance,
for organized training (several
seminars took place in 1991), and
for a mechanism to exchange data
and status information between
centres using CLICOM. Consideration is being given to the
establishment of CLICOM Area
Support Centres. Draft terms of
reference of such centres have
a lready been prepared and
discussed with some Members.
CLICOM News serves as a medium

for exchange of ideas and information between Members.
Climate System Monitoring (CSM)

The CSM Project continued to
receive substantial support from
UNEP. Major activities include
the publication of the monthly
WMO Climate System Monitoring
Bulletin and t h e biennial Global
Climate System Review.
An expert meeting was held in
Geneva in November to propose
improvements to the tracking and
distribution of climate system monitoring data and products. Specific
proposals included, inter alia, a pilot

data tracking study and the use of Solar heating
GTS and satellite transmission facil- panels on an
ities for the distribution of products. apartment building
An experts' meeting on 5 and in China
6 November discussed adaptations to (Professor Wu)
the monthly CLIMAT code to ensure
more efficient and effective distribution of climate information. Specific
proposals will be submitted to CBS.
Work on upgrading the network
of Reference Climatological Stations
CRCSs) is proceeding on the basis of
information from some 80 Members.
Data Rescue (DARE)

The project continued in RA I with
th e support of donors (especially
Belgium) and UNEP. Additional sets
of microfilming and reading equipment are planned to be delivered to
WMO Members in RA 1.

Climate Change Detection Project
(CCDP)

Climate database development

The Comprehensive Aero lo gical In accordance with the decisions of
Reference Data Set, the Compre- Cg-XI and EC-XLIII, a CCI Working
hensive Ocean-Atmo sp here Data Group on Climate Change Detection
Set , and the Global Hi storical was established. Experts on processClimate Network Data Set, all cur- ing and analysis of climate data
rently being developed, will contain and representatives from major data
su rface, marine, pilot balloon and and analysis centers , the IPCC
radiosonde data and observations of and other bodies, such as UNEP,
surface temperature, pressure and UNESCO/lOC and IGBP, attended
precipitation. The y will enable the first session (Geneva, October).
scientists to further their research
The CCDP deals with the interin global climate monitoring.
pretation and applicability of global
and regional databases for the detecINFOCLIMA
tion of climate change. Authoritative
WMO has developed a computerized reports and advice on activities
d atabase management syste m to related to the detection of climate
permit more efficient use of the change will be provided to the
Glob a l Climate Referral System Executive Council through CCl.
(INFOCLIMA). In conjunction with
this development, the structure of Archival Survey of Climate History
this catalogue of climate system Representatives ofWMO, UNESCO,
d atabases ha s been modified to ICSU and the International Council
accommodate additional data. The of Archives met in Paris in April, to
catalogue has been u sed in training discuss preparations for the Archival
sessions and as a reference guide to Survey of Climate History Pilot
climate research scientists.
Project evaluation. Professional
CCI Working Group on Climate Change Detection, Geneva, October 1991

0J. Thapliyal)

archivists from France , Germany
and the UK presented the results of
detailed archival searches for
climate events or related phenomena
from six European sites for parts of
the 18th and 19th centuries.

World Climate Applications and
Services Programme (WCASP*)
Priority activities within WCASP
continued to relate to food production, water-resource management
and energy. Promotion of the use of
climate information in the food and
water areas was closely co-ordinated
with the Agricultural Meteorology
and the H ydro logy and Water
Resources Programmes.
Energy meteorology

The year 1991 was particularly rich
in energy-related activities. Over 40
climatologists/meteorologists and
energy engineers participated in a
regional training seminar held in
Nepal. The main purposes of the
seminar were to enable meteorologists in national Meteorological
Services to keep abreast of techniques applied in energy planning
and operations , especially those
related to wind and solar energy; to
enhance collaboration with users of
meteorological and climatological
information; and to h elp create
national energy networks which
Th e form e r World Clima te Appli ca tion s
Programme was renamed by Eleventh Congress
(May 1991) to emph asize the importance of the
"services" aspect of thi s component.
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would include meteorologists.
Emphasis was placed on the use of
meteorological information and its
optimal presentation, including the
use ofthe CLICOM systems.
Further progress was made with
the implementation of the regional
project for Europe (Meteorological
Information for Development of
Renewable Energy) the objective of
which is to establish the climatological databases required for the
development of energy systems,
including renewable energy sources.
Activities under this project included
expert missions, roving seminars
and a training workshop (see WCP
meetings). Also of interest is a regionwide campaign "Energy efficiency
2000" initiated by the UN Economic
Commission for Europe and focusing
on promotion of energy-efficient,
environmentally sound techniques
and management practices.
WMO was one of the organizers of
the Symposium on Electricity and
the Environment (Helsinki, Finland,
13 to 17 May). The symposium made
a comprehensive assessment of the
impacts of various forms of electricity production on human health and
the environment; it constitutes a
valuable input to UNCED.
Urban climatology

Activities have focused on the
Tropical Urban Climate Experiment
(TRUCE) and on a related conference in 1993 which will review ongoing studies of the impact of climate,
its variation and change on urban
areas as well as the potential impact
of urban activities on climate on
local, regional and global scales.
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forecasting and a bibliography of
urban climate (1981-1988) were published as technical documents.

World Climate Impact Assessment and Response Strategies
Programme (WCIRP)*
UNEP is responsible for this component ofthe WCP. The main activities
during 1991 related to the application of climate impact assessment
methods, and to the greenhouse
gas/climate change issue.
Seminars were held on impact
assessment methodologies and on
the reduction of societal vulnerability to drought. The International
Conference on Climate Impacts on
the Environment and Society took
place in Ibaraki, Japan, (January/
February). Studies of the El Nino/
Southern Oscillation (ENSO) and of
the effects of sea-level rise in SouthEast Asia were pursued. A climate
impact assessment case study was
carried out in Viet Nam and an
International Conference on Global
Warming and Sustainable Development was held in Bangkok in June.
The meeting of the Scientific
Advisory Committee (SAC) for
the WCIRP (Budapest, Hungary,
October) drew up detailed proposals
for activities in 1992 and1993.

World Climate Research
Programme (WCRP)

A CLICOM-compatible statistics software package, INSTAT, especially
adapted for climate work, and special
software for wind- and solar-energy
applications are in use in several
projects. Progress continues in updating and modernizing the Climate
Applications Referral System (CARS)
and in preparing CARS in new areas
of applications.

The WCRP is undertaken jointly by
WMO and ICSU. It organizes a
range of research activities directed
towards understanding, in quantitative terms, the basic physical
processes that determine the Earth's
climate, including interactions
between the different components of
the climate system (atmosphere,
ocean, land surface and cryosphere);
and to refining the models required
for predicting climate variations and
quantifying climate change related
to the increase in atmospheric
concentrations of greenhouse gases.
In 1991, consideration was given
to two new initiatives. The first, a
WCRP climate variability and
prediction research programme, is

Publications

*

Special applications using CLiCOM

A report A non-parametric framework for long-range streamflow
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The form e r World Cl imate Impact Studi es
Programme (WCIP) was renamed by Eleventh
Congress to highlight activities in the development of response strategies.

Preparation of the ESA ERS-l satellite,
launched in July 1991. ERS-l will provide
important data in support of the WCRP World
Ocean Circulation Experiment, as well as global
oceanography and marine meteorology in
general (European Space Agency)

intended to lay down a framework
for studies of climate prediction and
variability on time-scales from a few
months to a few decades. The programme would combine the global
perspective of the World Ocean
Circulation Experiment (WOCE)
with the Tropical Ocean/Global
Atmosphere (TOGA) programme
concern for achieving a dynamical
prediction of the behaviour of the
coupled ocean-atmosphere (and land
system). The second initiative is the
Arctic Climate System Study which
would investigate, model and eventually predict the circulation of the
Arctic Ocean, the volume of sea ice,
the freshwater budget of the Arctic
region and the exchange of fresh
water with the global ocean.
The main progress in the Global
Energy and Water Cycle Experiment
(GEWEX) has been the elaboration
of the scientific plan for the GEWEX
Continental-scale In terna tional

WORLD CLIMATE RESEARCH PROGRAMME MEETINGS
Date and place

Title

8-11 January

Intergovernmental TOGA Board - fourth session

Geneva
21-25 January

Scientific Steering Group for GEWEX - third session

Bermuda
11 -16 March

Hawaii, USA

Workshop on the TOGA Coupled Ocean-Atmosphere
Response Experiment

Bremen, Germany

Joillt Scientific Committee for the WCRP - twelfth session (held
jointly with the Executive Group of the Committee on Climatic
Changes and the Ocean)

10- 13 June

Workshop on the Arctic Climate System Study

18-23 March

Bremerhaven, Germany
13- 15 June

Working Group on Sea Ice and Climate - fifth session

Bremerhavell, Germany
17- 19 July
Washington, DC, USA

Science Panel for the GEWEX Continental-scale International
Project

6- 9 August

Workshop on Implementation of the Baseline Surface Radiation
Network

Davos, Switzerland
26-29 August
Gmunden, Austria

TOGA Scientific Steering Group - tenth session .

16- 18 September

Boston, USA

Study Group on WCRP climate variability and prediction research
programme

24-27 September

Working Group on Radiative Fluxes - fourth session

Palm Springs, USA
7- 10 October

TOGAIWOCE XBT Programme Planning Committee

Washington, DC, USA
21 - 23 October

Workshop on Monsoon Predictability

Boulder, USA
24-29 October

Boulder, USA

JSC/CAS Working Group on Numerical Experimentation seventh session

18- 19 November

Study Group 011 the Arctic Climate System Study

four months the ocean and atmosphere in this region will be observed
systematically and simultaneously
by a wide variety of sensors. In addition to a network of upper-air sounding stations, observations will be
made from aircraft , ships and
moored and drifting buoys. Among
other objectives, COARE is desig11ed
to produce data sets that should lead
to improved parameterizations of
the fluxes of heat, moisture and
momentum in the coupled oceanatmosphere model s that are the
basic tools for TOGA predictions.
The Atmospheric Model Intercomparison Project (AMIP), in which
virtually all t h e world's modelling
gTOUpS are taking part, is organized
under WCRP auspices a nd co n ducted by the US Department of
Energy's Programme for Climate
Mode l Diagno sis and Intercomp arison (PCMDl). The group s will
perform a ten-year simulation ofthe
atmos pheric circulation forced by
sea -surfac e temperature a nd the
extent of sea ice for t h e period
1979-1988. In many cases, computing resources h ave been ma de available by P CMDI. AMIP will provide
a n u nprecedented opportunity for
reali stic and detailed validation of
the ability of the current generation
of general circul ation and climate
models to simulate the mean climate
state and its variability, as well as a
variety of statistical diagnostics on
global and regional scales.

London, UK
18- 20 November

Steering Group on Global Climate Modelling - second session

Bristol, UK
9- 13 December
San Francisco, USA

TOGA Numerical Experimentation Group - fifth session (in conjunction with the US TOGA Prediction Programme Group)

Project (GCIP). This project is aimed
at reprodu cing the hydrology of a
continent-size river basin (the
Mississippi) with daily precipitation
and evaporation estimates as main
inputs. Progress has also been made
towards the implementation of the
Baseline Surface Radiation Network
whose objective is to provide high
quality measurements of surface
radiation flu xes in contrasting
climatic zones, together with colocated surfaGe and upper-air meteo-

ro l ogical data . The information
provided will be essential in calibrating satellite-based estimates of the
surface radiation budget.
In 1991 t h ere was growing
emphasis on preparations for the
TOGA Coupled Ocean-Atmosphere
Response Experiment (COARE) in
th e warm pool region of t h e tropical
West Pacific Ocean, the field phase of
which is sch eduled to last from t h e
beginning of November 1992 to the
end of February 1993. During those
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The Atmospheric Research and
Environment Programme'" consists
of four major components: the
Global Atmosphere Watch WAW) ,
Weather Prediction Research,
Tropical Meteorol ogy Research, and
Physics and Chemistry of Clouds
and Weather Modification Research.
Development of t h ese activities is
the responsibility of the Commission
for Atmospheric Sciences (CAS).

Global Atmosphere Watch (GAW)
Activities centred on the establishment of Background Air Pollution
Monitori ng Network (BAPMoN)
stations for gl oba l measurements
and on issues concerning the Gl obal
Ozone Ob serving System (G0 3 0S)
(see box on p 32). Cl ose links were
maintained with the ECE European
Monitoring an d Eval uation Programme particularly as regards its
Workshop on Analysis of Measurements and Model Resul ts with
Emphasis on NOxNOC/ Oxidants
(Halifax, Canada, J uly). Numerou s
meetings were hel d during the
year as can be seen from the list
al ongside. Among the most important were those relating to the
further development of GAW and
the Steering Group of the WMOled GESAMP Working Group 32
on Global Change and Air/ Sea
Exchange of Chemicals.
A number oftechnical documents
were published, including the Report

of the Consultation of E xp erts to
Consider Desirable Observational
Practices and Distribution of
GA W Regional Station s (Report
No. 71 ) , and the Report of the
Meeting of Experts on Aerosol
Physics and Chemistry (Report
No . 74 ). Fact Sheet No.8-The
G l obal Atmosphere Watch: AtmoTh e form er Research a nd Deve lopm ent Progra mme, was renamed by Elevent h Congress in
May 1991 , to hi ghli gh t activiti es relating to
environmental issues
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ATMOSPHERIC RESEARCH AND
ENVIRONMENT PROGRAMME MEETINGS
Date and Place

Title

9-15 January
Santiago, Chile

EC Panel of Expelis/CAS Working Group on Environmental
Pollution and Atmospheric Chemistry

7-11 January
Santiago, Chile

First Ibero-American Conference on the Atmospheric
Environment

7 January- 1 February
Pune, India

Training Course in Monsoon Meteorology

4-8 February
Pune, India

Third Regional Workshop on Asian/African Monsoon Emphasizing
Training Aspects

5-7 February
Pune, India

Steering Committee for Long-term Asian/African Monsoon
Studies (Project M2) - fourth session

16- 21 February
London, UK

Twenty-first session of GESAMP

13- 15 March
Geneva

WMO/UNEP Consultation of Research Managers of the Parties
to the Vienna Convention

18- 19 March
Geneva

Meeting of the Bureau of the Vienna Convention

25- 28 March
Sofia, Bulgaria

Steering Group on Mediterranean Cyclones Study Project fourth session

8- 12 April
Trieste, Italy

ICTP/ICSIWMO International Conference on Long-range Weather
Forecasting Research

8- 12 April
Monte-Carlo, Monaco

Workshop on Airborne Pollution of the Mediterranean Sea

9- 13 April
Halkidiki, Greece

Consultation of Experts to Consider Desirable Observational Practices and Distribution of GAW Stations of Regional Importance

27- 30 April
Geneva

Expert Meeting on the Atmospheric Part of the Joint UN
Response to the Kuwait Oilfield Fires

13- 24 May
Saskatoon, Canada

WMO Intercomparison of the Ozonesondes Used in
the G030S

24- 27 June
Geneva

WMO Meeting of Experts on Total Ozone Trends

22-24 July
Boulder, USA

Workshop on the Management of Atmospheric Data Collected
in the Gulf Region in Response to the Kuwait Oilfield Fires

22- 26 July
Norwich, UK

Steering Group of the WMO-Ied GESAMP WG 32
on Global Change and Air/Sea Exchange of Chemicals

28 July- 7 August
Mt. Kobau, Canada

Intercomparison of Ground-based Visible-light N02
Measuring Devices

29 July- 9 August
Wageningen, Netherlands

Training Workshop on the Interpretation of NWP Products in
Terms of Local Weather Phenomena and Their Verification

11-28 August
Vienna, Austria

Tropospheric Chemistry, including Ozone and Air Quality

spheric Pollution and the Seas-was
a lso issued.

Weather Prediction Research
A WMO Training Workshop on the
Interpretation of NWP Products in
Terms of Local Weather Phenomena
a n d Their Verification was organized
(Wageningen, Netherlands, July) to
enhance the quality of weather foreca sts. It dealt with all aspects
of i nterpretation and verification
of data and included a special
session on the prediction of rare
events in support of the aims of the
International Decade for Natural
Disaster Reduction (IDNDR). Particip ants came from all six WMO
Regions. The lecture notes presented
at the workshop were published as
Technica l Document No. 42 l.
The applications of weather prediction research have widened in
recent years . For example, the meet-

ing of the Steering Group on Mediterranean Cyclone Studies (Sofia,
Bulgaria, March) covered not only
prediction and other traditional
topics, but also their application to
the long-range transport of pollutants and favourable conditions for
weather modification.
During the past five years significant progress ha s been made
in numerical weather prediction
modelling and in understanding the
mechanisms controlling atmospheric
circulation variability. The ICTP/
ICS/WMO International Conference
on Long-range Weather Forecasting
Research (Trieste, Italy, April) was
convene d to review these achi evements , to exchange research results
and their applications, and to identify key problems requiring further
research. About one-third of the
participants came from developing
countries u s ing funds set aside for

MEETINGS (contd.)
Date and place

Title

12-14 August
Harvard, MA, USA

International Meeting on Environmental Effects of Oil Fires

19- 20 August
Vienna, Austria

Workshop on Atmospheric Trace Constituents and Their
Climatic Effects

26- 27 August
Geneva

Informal Meeting of Experts on Tropical Meteorology Research

2- 4 September
Davis, CA, USA

Consultation of Experts to Develop GAW Aerosol Component

16-20 September
Halifax, Canada

EMEP Workshop on Analysis of Measurements and Model
Results with Emphasis on NOxNOC/Oxidants

30 Sept.-4 Oct.
Obninsk, USSR*

Meeting of Experts on the Role of Cloud Chemistry in
Transformation and Transport of Air Pollutants

14-1 9 October
Les Diablerets, Switzerland

WMO/UNEP Meeting of Experts on the 1991 Assessment of the
State of the Ozone Layer

24-29 October
Boulder, USA

CAS/JSC Working Group on Numerical Experimentation seventh session

3-30 November
Budapest, Hungary

17th Training Course on Background Atmospheric
Composition Measurements

5-8 November
Prague, Czechoslovakia

Meeting of Experts on Integrated Monitoring at GAW
Stations: Needs and Opportunities

18-22 November
Geneva

Meeting of Experts on Surface Ozone Data, Their Analysis
and Related Issues

16- 20 December
Reading, UK

Workshop on Interaction Between Tropical and Mid-Latitude
Weather Systems

16-19 December
Boulder, USA

Meeting of Experts to Assess Available Data and Define the
Aerosol Component for GAW-BAPMoN Stations.

this purpose. A summary, prepared
b y Professor Kikuro Miyakoda,
contained a concise outline of the
conference. It was widely distributed
to all members of the CAS and other
interested experts.

Tropical Meteorology Research
Various research activities have been
developed, based on the field experiments carried out in 1990 by the
ESCAPIWMO Typhoon Committee,
USA and USSR", to study tropical
cyclones in the North-West Pacific.
Collection of delayed mode data has
been comp l eted and the data are
now available. The final analyses are
being prepared by the US National
Meteorological Center (NMC) using
four-dimensional assimilation method s. The data and ana lyses w ill
provide an excellent basis for further
research and also contribute to
IDNDR activities.
A major outcome of the West
African Monsoon Experiment
(WAMEX), w ho se field stage was
implemented in 1979 in conjunction
with the First GARP Global Experiment, is the WAMEX Atlas which
has now been published.
The continuing efforts of Activity
Centres for Asia/Africa Monsoon
studies contribute to the development of research and op eratio nal
activities. Recent results of these
and other research activities, were
reporte d on and discussed at the
Third Regional Workshop on the
Asian/African Monsoon (Pune,
India, February). Training aspects
such as the presentation of national
reports and v i s i ts to operational
units of the India Meteorological
Department were also included.
Recommendations were adopted for
the further development of monsoon
studies.
National research studies in tropical meteorology, with focus on
cold-front intrusion into low-latitude
and tropical rain-producing system s,
have been compiled and published.
As an extension of these activities, a
Workshop on Interaction Between
Tropical and Mid-l atitude Weather
Systems (Reading, UK, December)
provided a forum for discussions of
," See note on p. 1
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GLOBAL ATMOSPHERE WATCH (GAW)
GAW, designed to address the major environmental issues of the day
and to be responsive to the emerging needs of Members and the
scientific community for global data on the composition of the atmosphere and its physical characteristics, has played a pivotal role in the
United Nations response to the Kuwait oil fires. Details of these activities are given on pages 16 and 17.
Many of the GAW-BAPMoN stations are involved in a global
network set up in 1961 by the International Atomic Energy Agency
(IAEA) and WMO and upgraded in 1988-89 to now include about 160
stations collecting monthly precipitation samples for isotope analysis
(see below).
The implementation of the Global Atmosphere Watch has, in
general, gained impetus and momentum, progressing to the stage
where WMO technical experts have explored prospective areas-in
regions previously identified-to locate specific sites for the establishment of GAW background stations of global importance. Negotiations
are now taking place with the countries concerned to determine the
facilities and infrastructure required, to confirm that the necessary technical and scientific expertise is available and to assure long-term
commitments. The global network is designed to provide data to determine trends and large-scale changes.
In order to address specific aspects of global issues and focus on
environmental problems of regional concern a Consultation of Experts
to Consider Desirable Observational Practices and Distribution of GAW
Stations of Regional Importance (Halkidiki, Greece, April) placed
emphasis on the development of GAW-BAPMoN regional stations and

made recommendations for improving communications and interactions between the programmes and organizations active in
monitoring the composition of the atmosphere. The core observational
programme was defined. It should consist of the standard meteorological parameters, tropospheric ozone, precipitation chemistry, solar
radiation (direct. total, diffuse). ultraviolet-B radiation, flask sampling of
methane and carbon monoxide, aerosol composition, total ozone,
aerosol black carbon and other observations as defined by the specific
needs of the region.
Considerable activity has taken place within GAW-G030S, related
primarily to the participation of WMO in the implementation of action
under the Vienna Convention for the Protection of the Ozone Layer.
WMO has the lead role for the co-ordination of scientific assessments
and, in particular, for the provision of sets of re-evaluated ozone data
based on past calibrations used for trends determination. Numerous
meetings were organized which culminated in the WMO/UNEP Meeting
of Experts on the 1991 Assessment of the State of the Ozone Layer
(Les Diablerets, Switzerland, October). There, it was made plain that
total ozone continues to decline everywhere except over the tropical
belt. For the first time the decline is statistically significant all year
round. Thus, after many years of monitoring and research, there is now
clear evidence of mankind having affected the whole global ozone layer.
This is a significant point as it is the first firm evidence in history that
humans have very noticeably and harmfully altered the atmosphere on
a global scale. Details of this assessment are available in WMO Ozone
Report No. 25.
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interactive phenomena on various
time and space scales.

Physics and Chemistry of
Clouds and Weather
Modification Research
Provision of information and advice
formed a significant part of this activity; the 1989 Register of National
Weather Modification Experiments
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was prepared and an expert mission
travelled to Syria to assess the possibility of conducting a precipitation
enhancement project there. A
Meeting of Experts on the Role of
Clouds in the Chemistry, Transport,
Transformation and Deposition of
Pollutants (Obriinsk, USSR"', October)
* See note on

p. 1

IAENVVMO Isotope Network.
The map shows the distribution of network stations for
which a minimum stable
record of three years is available. The stations for which
long-term trends of 180
(oxygen with 18 neutrons in
the nucleus) and temperature
have been analysed are identified by name. The collected
isotope and meteorological
data are published regularly in
joint IAENVVMO reports

was also organized to consider aspects
in the rapidly developing field of interaction between clouds and pollution.

Technical Library
The Library is the source of meteorological and hydrological information
for WMO staff members , visiting
experts, participants at WMO meetings held in Geneva, scientific staff of

For the second year in succession, during the period August to
November, the Secretariat arranged for the distribution over the WWW
Global Telecommunications System of bulletins containing near-realtime information on the state of the ozone layer over Antarctica. The
total ozone in the Antarctic hole of 1991 was at least as low as in 1989
and the average October value was only a few units higher than the
1987 and 1990 values. The contrast of a very deep hole completely
surrounded by a collar of relatively high ozone values made it visually
the most impressive ozone hole to date.
Other GAW-G030S related activities included the International
Ozonesonde Intercomparison (Saskatoon, Canada, May) (see below),
the WMO Intercomparison of N02 Measuring Instruments (Mount
Kobau, Canada, August) and in situ calibration of Dobson Ozone
Spectrophotometers located in the Philippines, Singapore and
Thailand. The Brewer Travelling Standard provided by Canada was
used as the comparison instrument in a continuation of the process of
systematic calibration of ozone instruments in G030S as a guarantee
of quality of the data obtained. Useful arrangements were also made
with the University of Thessaloniki and the Central AnalYSis Office,

Ozonesonde intercomparison (Saskatoon, Canada). Such intercomparisons enable scientists to evaluate the various types of
ozonesonde used operationally in the Global Ozone Observing
System and also help to ensure that the accuracy and precision of
the measurements are sufficient to detect long-term trends in stratospheric ozone (Atmospheric Environment Service, Canada)

Moscow, for the preparation of daily total ozone maps. These are
based on data provided by practically all stations in Europe and
northern Asia as part of the European campaign for more detailed
studies of Arctic ozone. The campaign started in November 1991 and
will continue until March 1992.

Minimum total ozone values (m atm-cm) measured over Antarctica
by the TOMS satellite between 1 August and 30 November of
various years. Note that 1979 was closest to the pre-ozone
hole normal year and that four of the last five seasons have
shown ozone destruction of over 50% at the end of
September and in early October (Schoeberl, NASA-GSFC)
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other UN bodies, research workers,
students and teachers.
During 1991, the WMO Library
acquired some 2 180 publications,
mo st of which were gifts or exchanges, subscribed to 68 journals
and received about 220 other periodicals. In the course ofthe year 2310
enquiries were answered and 1 300
publications were loaned to readers.

33

WMO ANNUAL REPORT 1991

The Applications of Meteorology
Programme focu ses on three very
important applications: agricultural,
aeronautical and marine meteorology. From 1992, in accordance with
the decisions of Eleventh Congress,
the Programme will include a new
public weather services component.

Agricultural Meteorology
Programme
Commission for Agricultural
Meteorology

At the kind invitation of the
Government of Italy, the tenth
session of the Commission for
Agricultural Meteorology (CAgM )
was held in Florence, Italy, from 2 to
13 December 1991. Professor C. J .
Stigter (Netherlands) was elected
president and Dr J. M. Salinger
(New Zealand) vice-president.
There were 98 participants from
48 countries and eight international
organizations. Discussions covered,
among other things, climate change
and agriculture, environmentally
friendly activities, combat against
locusts, drought and desertification.
The Commission approved texts of
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additional chapters, annexes and
appendices for the Guide to Agricultural Meteorological Practices.
Workshops and seminars

Details of workshops and seminars
held in 1991 are shown opposite.
At the three Regional Workshops
on the Preparation of Practical
Agrometeorological Information
participants worked with CLICOM
and INSTAT software. INSTAT is an
interactive statistics package especially adapted for agroclimatological
information . It provides output in
graphic and tabular form. National
Meteorological Services, working
jointly with the agricultural community, can use this software to
prepare agrometeorological reports
that help in planning both day-today and future farming operations,
thereby contributing to sustainable
agricultural production, and more
efficient use of huma n labour and
water for irrigation.
The ultimate goal of soil-waterbalance work is to assist farmers to
improve agricultural production .
With this in mind, participants at
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the International Workshop on Soil
Water in the Sudano-Sahelian Zone
proposed specific measures to help
achieve that objective.
The Workshop on the Use of
Meteorological Information in Forest
Fire Management dealt specifically
with conditions in the western
Mediterranean region.
The roving seminars on the
Application of Meteorological Data
for Effective Planning and Management of Water for Sustainable
Irrigated Crop Production provided
practical training for meteorologists,
hydrometeorologists, agrometeorologists , hydrologists and other
officials involved in water-resource
management and planning on the
calculation of water requirements
of crops using meteorological data
and irrigation management and
scheduling.
International collaboration

Technical support was provided for
meetings organized by the Cons ultative Group for International
Agricultural Research (Nairobi,
Kenya), the International Foundation
for Science (Ougadougou, Burkina
Faso) and the Institute pour la
R echerche Agricole et Zootechnique
(Bujumbura, Burundi). Support was
also provided for se minars and
workshops held in Cape Verde, the
Philippines and Thailand as well as
for the Tenth International Forest
Congress (Paris) and the FAO
workshop on national early-warning
systems in Asia and the Pacific.
Collaboration with the Joint
Research Centre of the European
Community continued on the use of
agrometeorological models to monitor crop production and to provide
crop forecasts.
Publications

Participants at the tenth session of the Commission for Agricultural Meteorology, Florence, Italy,
December 1991 (WMO/Kove)
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A number of publications were
is sued , including a trilingual

AGRICULTURAL METEOROLOGY PROGRAMME MEETINGS
Date and Place

Title

18- 23 February
Niamey, Niger

International WMO/ICRISAT/IH/ODNIAHS Workshop on
Soil-water Balance in the Sudano-Sahelian Zones

11-23 March
Zaria, Nigeria

WMO/FAO Roving Seminar on the Application of Meteorological Data
for the Effective Planning and Management of Water for Sustainable
Irrigated Crop Production

20-29 April
Algiers, Algeria,
6-17 October
Aleppo, Syria, and
7-18 October
Niamey, Niger

WMO/ICRISAT/ICARDA Regional Workshops on the Preparation of
Practical Agrometeorologicallnformation

18-30 November
Morogoro, Tanzania

WMO/FAO Roving Seminar on the Application of Meteorological Data
for the Effective Planning and Management of Water for Sustainable
Irrigated Crop Production

25-30 November
Rabat, Morocco

WMO/FAO Regional Workshop on the Use of Meteorologicallnforrnation
in Forest Fire Management

25 Nov.-7 Dec.
Jakarta, Indonesia, and
2-13 December
Ankara, Turkey

WMO/FAO Roving Seminars on the Application of Meteorological Data
for the Effective Planning and Management of Water for Sustainable
Irrigated Crop Production

Glossary of Agrometeorological
Terms; a practical manual on meteorological information to combat
agents of sticky cotton; case studies
of meteorology and desert locust
control; the guide for the INSTAT
software package in French and in
Spanish ; and the Proceedings of the
Sympo sium on Meteorology and
Crop Protection.
A set of slides on the phenological
development of major crop s was
made available to Members and a
poster on meteorology and irrigation
wa s issued in Arabic, Engli sh ,
French and Spanish versions.

Aeronautical Meteorology
Programme
Aeroplanes: an untapped data resource

Since aircraft started flying, they
have provided a valuable source of
meteorological information. Over the
years, pilots have reported the actual
winds and weather encountered
either by direct contact with the
nearest air traffic control office or by

reporting to the meteorological office
at the airport on landing.
Some 3-4 000 of these manually
produced air r eports (AIREPs) are
received daily in the two World Area
Forecast Centres serving aviation,
London and Washington, thus
improving the global analyses and
hence the accuracy of the global forecasts for aviation.
Problems with manual AIREPs,
including coding and transmission
errors and lost or delayed r eports,
have prompted an increasing interest in automating t h e reporting of
certain parts of the AIREP. In addition to the ASDAR syste ms (see
p. 21) several further initiatives have
been undertaken by Members.
Interest in automated reporting has
accelerated. About 2 500 aircraft are
presently equipped for VHF datalink communication, primarily for
operational purposes. The VHF
links are used in countries such as
Australia and the USA to report
meteorological information. The
ICAO Future Air Navigation
Systems (FANS) concept includes
the Automated D e pendent Surveillance (ADS ) of aircraft using
satellites . ADS mes sages would
include wind and temperature data.
Up to 350 ADS-equipped aircraft
are expected to be operating worldwide by 1995.
Automated AIREPs offer the
following advantages in comparison
with manual AIREPs:

"

\:

Drought Monitoring Centres, Nairobi
and Harare

Since March 1991 , a monthly
Droug ht Monitoring Bulletin has
been issued by the Drought Monitoring Centres (DMCs) established
in Nairobi, Kenya, and Harare ,
Zimb abwe, under a joint UNDP/
WMO Regional Project. A meeting of
experts/scientists on DMC activities
wa s organi ze d in Harare , from 9
to 10 August 1991 , to review the
Bulletin and to make recommendations on ways to improve its contents
and those of other products.

Meteorological observations enhance the
economy, efficiency and
safety of air travel
(Royal Netherlands
Meteorological Institute)
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AERONAUTICAL METEOROLOGY PROGRAMME MEETINGS

---

Date and place

Title

21-25 October
Singapore

Regional Training Seminar on Aeronautical Forecasting, Briefing
and Documentation

28 Oct.-1 Nov.
Hanoi, Viet Nam

Regional Seminar on Weather Phenomena Hazardous to Air
Navigation in South-East Asia

18 Nov.-20 Dec.
Africa

Roving Training Seminar on New Forecasting Techniques in
Aeronautical Meteorology

• A much higher possible frequency
of reports without placing too
heavy a work load on the flight
crew;
• Virtually error-free coding and
transmissions;
• The ability to provide quantitative
information on hazardous conditions, e.g. icing and turbulence;
• Generally less delay in transmitting the information to
meteorological offices.
It is also possible to obtain soundings of meteorological elements at,
say, 500 m intervals on ascent and
descent into airports. Such information complements conventional
balloon soundings.
Moving to automated AIREPs
should have significant benefits to
aviation, particularly if humidity
information is available on ascent
and descent to provide improved

Despite technological
developments, severe
weather and sea
conditions remain everpresent threats to the
safety of life at sea.
Services for shipping
therefore have a
continuing high priority in
the programmes of
WMO and national
Meteorological Services
(British Antarctic Survey)
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monitoring of atmospheric stability
and icing potential.
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Aeronautical Meteorology visited
Lesotho, Malawi, Tanzania, Zambia
and Zimbabwe with a view to
strengthening aeronautical meteorological services by ensuring better
qualified forecasters in such areas as
new forecasting techniques, satellite
and radar information, NWPIWAFS
products and the new aeronautical
meteorological codes.

Marine Meteorology and
Associated Oceanographic
Activities Programme

Training in aeronautical meteorology

Operational oceanography-fantasy or
fact?

There were three major training
events in 1991 (see list above). At the
WMO RA IIIRA V Training Seminar
on Aeronautical Forecasting, Briefing and Documentation, emphasis
was on broadening knowledge of
aeronautical forecasting and improving standardization procedures for
pre-flight meteorological information. Twenty-four participants from
20 countries attended the seminar.
A Regional Seminar on Weather
Hazardous to Air Navigation in
South-East Asia helped 17 participants from three countries increase
their knowledge of weather hazards,
learn new techniques in forecasting,
remote sensing, centralization and
automation and use the new aeronautical meteorological codes.
The Roving Training Seminar on
New Forecasting Techniques in

Co-ordination and co-operation with
the oceanographic community, especially through the Intergovernmental
Oceanographic Commission (lOC),
was a theme of 1991. Three important milestones were reached during
the year: the Integrated Global
Ocean Services System (lGOSS)
entered a new phase with the
production of the first IGOSS Products Bulletin; the sixth session of
the Joint WMO/IOC Committee for
IGOSS took place; and IOC launched
the Global Ocean Observing System
(GOOS) in co-operation with WMO.
The GOOS will be co-ordinated with
the Global Climate Observing System; it will also have other concerns,
in particular in the areas of marine
pollution and biology.
The preparation of operational
oceanographic products and the

MARINE METEOROLOGY AND ASSOCIATED
OCEANOGRAPHIC ACTIVITIES PROGRAMME MEETINGS
Date and place

Title

18-20 March

International Arctic Buoy Programme - first preparatory
meeting

Edmonton, Canada
2-5 April
Valparaiso, Chile

Scientific Committee for ERFEN - ninth session

15-24 April
Tokyo, Japan

Joint IOCIWMO SeminarlWorkshop on IGOSS Products

3-7 June

IGOSS Task Team on Quality Control, Study Group on XBT Fall
Rate

Marion, USA
24-27 June

Reading, UK
15-19 July

VOS Special ObseNing Project North Atlantic, Management
Committee - third session

Obninsk, USSR*

Joint IOCIWMO Steering Group on the IGOSS/IODE Global
Temperature Salinity Pilot Project - second session

9-13 September

Second WMO Operational Sea Ice Remote Sensing Workshop

Ottawa, Canada
9-13 September

Training Course on Use of Satellite Data for Ocean Studies

La Reunion (France)
16-18 September

Seattle, USA

International Arctic Buoy Programme - second preparatory
meeting

Washington, DC, USA

Fourth Joint IOCIWMO Meeting for Implementation of IGOSS
XBT Ship-of-Opportunity Programmes

15-18 October

Drifting Buoy Co-operation Panel - seventh session

1-4 October

Toulouse, France
21-23 October

Eleventh Meeting on Argos Joint Tariff Agreement

Toulouse, France
18-27 November

Joint IOCIWMO Committee for IGOSS - sixth session

Geneva
, See note on p 1

preparation and disse mination of
meteorological foreca sts and warnings under the Global Maritime
Distress and Safety System
(GMDSS) ofIMO, based essentially
on information di ssemination by
satellite through the INMARSAT
SafetyNet system. A fina l revised
system will b e implemented on a
provisional basis as from 1 February
1992 and will operate in parallel
with the existing system during the
GMDSS transition period, which will
last until 1 February 1999.
In the context of ocean observations , 1991 saw the completion of a
project to quantitatively assess the
qu a lity of ship s' meteorological
reports for climate study purposes;
the development of new data handling and quality control procedures
fo r drifting buoy data; and t h e initi ati on of a global digital sea-ice
databank.

Public Weather Services
Programme
Activities w1der this programme will
begin in 1992 and will relate to:
• Formulation and content of forecasts and warnings;
• Presentation and dissemination
technique s, public understanding, public information and
education;
• Exchange and co-ordination of
hazardous weather information
among neighbouring countries.

provision of oceanographic services to following its first issue in August, is
marine u ser s is presently much less now planned as a regular quarterly
developed than is the case for met- feature. The next step is ocean preeorology. Ho wever, the Joint lOCI diction and even this is now feasible:
WMO SeminarlWorkshop on IGOSS the era of operational oceanography
Products clearly demonstrated the is indeed almost upon u s.
As in previous years, other major
feasibility of undertaking synoptic
analyses of the physical state of the activities in the m arine programme
oceans on virtually a global basis. were directed towards achieving th e
Such analyses dep end on the basic programme objectives , which
continued and enhanced exchange are the provision of services to the
and processing of ocean data through marine u ser community and t h e
IGOSS; they are essential for global operation of a variety of marine
climate studies and for the provision observi n g, data collection an d
of services to operational ocea n processing system components.
In late 1991 several n ational
u sers. A major outcome of the Tokyo
workshop, and a clear manifestation Meteorolo gical Services began
of the advances now taking place, is implementation of the new globally
the IOOSS Products Bulletin which, co-ordinated WMO system for the
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Introduction
That hydrology starts where
meteorology stops may be a too
simpli stic way of describing the
interface between the two sciences.
But a meteorologist's forecast of
heavy rain soon translates into a
hydrologist's flood forecast; similarly
the presence of a large body of fresh
water such as a lake or reservoir can
exert a significant influence on a
local climate. For these and other
reasons, many Members maintain
Hydrometeorological Services as
opposed to those where Hydrological
and Meteorological Services are in
separate branches of government.
Whatever the particular national
arrangements, the Hydrology and
Water Resource s Programme
(HWRP) continues to assist and
support the activities of the body or
bodies responsible for operational
hydrology, as it has done for the last
30 years.

International Glossary of
Hydrology
Agreement on and use of common
international standards is fundamental to many aspects of science
and technology, hydrology being no
exception. The WMO Technical
Regulations, the Guide to Hydro logical Practices and a number of
initiative s of the Commis sion for
Hydrology (CHy) provide the basis
for setting standards. However, the
most basic step towards standardization is probably agreement on the
use of the same words and terms .
Consequently, importance was given
to updating the International
Glossary of Hydrology which was
published jointly with UNESCO in
1974. The Glossary, which now
contains some 1 800 words, terms
and definitions in English, French,
Russian and Spanish, was revised in
1991 with a view to publishing
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the second edition in 1992. This
edition will also contain words and
terms important in water-resources
management.

Global Runoff Data Centre
(GRDC)
Collection of river flow data continued at the GRDC, at the Federal
Institute of Hydrology in Koblenz,
Germany. At the end of 1991, the
centre's database contained records
for 2 930 stations from 131 countries.
The GRDC data is to be used for the
development and verification of
global models of atmospheric circulation and for other purposes. For
examp le , GRDC works with the
GEMS WHO Collaborating Centre
for Surface and Ground Water
Quality in the estimation of the loads
of materials transported by rivers to
the seas and oceans.

Regional postgraduate course in
hydrology for Africa
A regional Postgraduate Diploma
Course in Hydrology was launched
in September at the WMO Regional
Meteorological Training Centre in

Students at the
Postgraduate
Diploma Course in
Hydrology (Nairobi,
September 1991)
operating a hydrological model on a
computer
(WMO/Sehmi)
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Nairobi , Kenya. The course wa s
developed by WMO with assistance
from Belgium, Germany, Ireland,
Italy, UK, USA and UNESCO .
Experts from RA I are involved in
running the course-a fact that will
h elp ensure its relevance to African
concerns . Fourteen postgraduate
students from nine African countries
are participating in the course which
is being extensively supported by the
Government of Kenya and a number
of institutions in Nairobi.

Delft International Course for
Hydrologists-25th anniversary
WMO has been involved with the
International Course for Hydrologists since its inception. This
course, which marked its 25th
anniversary in 1991, is organized
annually by the International
Institute for Hydraulic and Environmental Engineering in Delft,
Netherlands, for students from developing countries and covers a wide
range of subjects from the hydrological uses of aerial photographs to
the design of wells. Over the past 25
years, more than 400 diplomas have
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WATER AND THE ENVIRONMENT: THE DUBLIN AND RIO CONFERENCES
Elsewhere in this report (see p. 8) information is provided on the prepa- experts and experts nominated by NGOs and IGOs. The following
topics will be considered:
rations for the United Nations Conference on Environment and
Development (UNCED) as identified in Resolution 44/228 of the UN
• Integrated water resources development and management;
General Assembly, The protection of freshwater resources is one of the
nine sectoral issues to be addressed by UNCED. To prepare for the
• Mechanisms for implementation and co-ordination at global,
discussions, the existing mechanism for co-ordination of freshwater
national, regional and local levels;
matters in the UN system-namely the Intersecretariat Group for Water
• Water-resources assessment and impacts of climate change on
Resources (ISG-WR) on which more than 20 bodies and agencies are
water resources;
represented-was recognized as the Expert Panel for the sector.
The assessment and monitoring of water resources is of great
• Protection of water resources, water quality and aquatic
importance to WMO; consequently the Organization proposed that an
ecosystems;
International Conference on Water and the Environment (ICWE) should
• Water and sustainable urban development and drinking water
be held as a contribution to UNCED. This gave the ISG-WR a dual role
supply and sanitation in the urban context;
in the UNCED preparations; first as the source of the freshwater
contribution for Agenda 21 and second as the Steering Committee for
• Water for sustainable food production and rural development and
thelCWE,
drinking water supply and sanitation in the rural context.
At its first session in Nairobi, the Preparatory Committee for UNCED
accepted the offer of the Government of Ireland to host the conference
and at its second gave certain tasks to the conference. For example,
ICWE was asked to identify improved means for collaboration and cooperation in the water field internationally and regionally and to consider
the impacts of climate change and sea-level rise on water resources.
The conference is being convened by WMO on behalf of all the
agencies concerned in the ISG-WR, in Dublin, Ireland, from 26 to
31 January 1992, It is to be attended by government designated

been awarded to stud ents, many
later taking part in WMO activities.

Expert consultation on water
quality

Hydrological data for climate
studies

WMO, WHO and UNEP convened a
meeting of experts (Bratislava,
Czechoslovakia, August 1991 ) to
assess information needs for water
quality assessment and management. Thirty-five experts from
11 countries and four international
organizations participated in the
consultation.
The consultation constituted part
ofthe preparatory process leading to
the International Conference on
Water and the Environment (see
above). Its purpose was to evaluate
the information base required for the
incorporation of sound water-quality
assessment into integrated water
management, taking into account
the major concerns in agricultural,
urban and industrial development
and their environmental impacts.
This called for a review of the entire
process from data collection and
monitoring, through issues related to
the assessment of water quality, to
the development of global strategies
in water-quality management.

An Advanced Research Workshop on
Opportunities for Hydrological Data
in Support of Climate Change
Studies, organized by NATO, was
h eld in August 1991 at Lahnstein,
Germany. The workshop, which was
supported by the German National
Committee for the IHP/ OHP'" and
co-sponsored by WMO, discussed the
needs and problems in the collection,
transfer, storage and use of hydrological data for climate studies. The
establishment ofthe Global Climate
Observing System (GCOS) has highlighted the importance of such data
for climate studies and particularly
fo r GCOS where such data will be
essential to understanding the interaction between the land surface,
including snow and ice, and the
climate system.
,.

National Committe e of German y for the
Inte rna t ional H ydrological Prog ramme of
UNESCO and th e Operational Hydrology
Programme onVMO.

The meeting focused on: (a) water
quality and ecosystem integrity
and health; (b) water quantity
and quality aspects of water use
and management; (c) water quality
and environmental impacts; and
(d) water quality assessment and
monitoring programmes. It defined
major problems, areas where knowledge was lacking, and formulated
recommendations with propo sed
action for implementation on the
national, regional and global scales.

Hydrological Operational
Multipurpose System (HOMS)*
Reviewing the successful implementation of the second phase ofHOMS,
Eleventh Congress decided t hat it
should h enceforth be a permanent
feature of the Operational Hydrology
Programme with increased emphasis
on water quality and environmental
aspects , HOMS continues to provide
technological support to the Hydrological Services of Members. Though
The former H ydrological Operational Multi purpose Subprogram me was renamed by
Eleventh Congress to describe more accurately
the current structure of HOMS.
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the number of HaMS National
Reference Centres has remained
stable, at jus t over 100 in recent
years, several Members, including
Germany, Mexico and USSR" ,
announced major changes to
improve th e operation of HNRC s ,
Transfers of HaMS related technology now tot al more than 2 400,
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HYDROLOGY AND WATER RESOURCES PROGRAMME
MEETINGS
Date and Place

Title

21-22 February
Geneva

Informal Donors' Co-ordination Meeting on the Postgraduate
Diploma Course in Operational Hydrology

25-26 February
Dublin, Ireland

Steering Committee for the International Conference on Water
and the Environment (ICWE)

International Workshop on
Network Design Practices

8-12 April
Hamburg, Germany

International Workshop on Storm Surges, River Flow and
Combined Effects (co-sponsored)

Network design-where to locate
stations to observe the hydrological
variables within a basin or across a
country- is the fir st step in the
establishment of any data collection
programme, However, the design of
networks is perhaps one of the most
complex and intractable problems in
hydrology, To discuss new concepts of
network design, an internationa l
workshop was organized in Koblenz
(November ) at the kind invitation of
the German IHP/OHP Committee
and with an important financial
contribution provided by Germany,
Fifty-three participants from
32 countries attended the workshop
which covered theory and practical
applications, They discussed techniques and methods for planning
and the design of hydrological networks, and r eviewe d the WMO
Basic Network Assessment Project
(BNAP), and the proj ect for the
inter-comp aris on of operational
h ydrological n etwork design t echniques (HYNET), This review was
followed by the presentation of some
35 case studies describing the application of design techniques to
networks for precipitation, surface
water, groundwater, water quality,
and networks in urban areas,
The workshop made a number of
recommendations on the establishm ent of an integrate d network
design framework, and on the future
development of both the BNAP and
HYNET proj ects, It also agreed on a
number of recommendations specifically addressed to WMO a nd to
na tional Hydrological Services,
There was an overall need to ensure
the availability of network de sign
techniques and guidance which are
adequate for particular conditions,

15-19 April
Chihuahua, Mexico

International Symposium on Hydrology and Water Resources
Education and Training (co-sponsored)

18- 19 April
Puerto de la Cruz, Spain

IAHS XXXIII Congress - Aquifer Overexploitation (co-sponsored)

22-26 April
Geneva

CHy Working Group on Hydrological Forecasting and Applications
in Water Management

22-26 April
Santo Domingo,
Dom, Republic

RA III/IV Regional Training Seminar on Secondary Data Processing
and Analysis of Hydrological Data

6-12 May
Geneva

UNESCOIWMO Liaison Committee

13-18 May
Rabat, Morocco

Vllth World Congress on Water Resources (co-sponsored)

10-14 June
Geneva

CHy Working Group on Operational Hydrology, Climate and
Environment

17- 21 June
Geneva

CHy Working Group on Data Acquisition and Processing Systems

24-28 June
Geneva

Meeting on Guide and Technical Regulations

10-12 July
Los Angeles, USA

International Conference on the Impact of Natural Disasters
(co-sponsored)

Sept. 1991 - July 1992
Nairobi, Kenya

Postgraduate Diploma Course in Operational Hydrology

11-24 August
Vienna, Austria

IAHS Symposia at XX General Assembly of IUGG (co-sponsored)

26-30 August
Lahnstein, Germany

Advanced Research Workshop on Opportunities for Hydrological
Data in Support of Climate Change Studies (co-sponsored)

" See note on p, 1
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26-30 August
Meeting of Experts on Water Quality
Bratislava, Czechoslovakia
24-25 September
Rome, Italy

Steering Committee for the International Conference on Water
and the Environment (ICWE)

26-27 September
Rome, Italy

UN ACC Intersecretariat Group for Water Resources

2-4 October
Perth, Australia

International Hydrology and Water Resources Symposium
(co-sponsored)

12-16 October
Paris, France

Joint WMO/UNESCO Panel on Terminology

21 - 25 October
Bridgetown, Barbados

RA IV Working Group on Hydrology - fifth session

11-15 November
Koblenz, Germany

Workshop on Network DeSign Practices

2-3 December
Paris, France

Steering Committee for the International Conference on Water
and the Environment (ICWE)

.
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aimed at improving secondary data
processing and analysis, and HOMS
operations in the two regions.

Chernobyl
Under the aegis of the UN InterAgency Task Force for International
Co-operation to Address and Mitigate the Consequences ofthe Accident
at the Chernobyl Nuclear Power
Plant, established in March 1991,
WMO cont inued to contribute to
efforts on an international response
system for nuclear accidents. In
addition, WMO has prepared an
operational hydrology report :
Hydrological Aspects of Accidental
Pollution of Water Bodies, which
provides guidance to hydrological
services and water authorities on
Stream gauging station River Fotaleufu, Junta Malita
how to minimize the impact of acciare less able in 1991 than in 1977 dental pollution.
Water resources assessmentto
assess their country's water
declining capabilities of Hydroresources-networks
of instruments
logical Services in developing
have
dwindled,
data
processing is
countries
impaired , and the use of data for
The WMO / UNESCO Report on various purposes has diminished.
Water Resources Assessment-Progress in the Implementation of the Regional matters
Mar del Plata Action Plan and a The Working Groups on Hydrology
Strategy for the 1990s, was pub- of the regional ass ociations are
lished in 1991. It contains a series of responsible for the implementation
regional in-depth assessments of the HWRP at regional level.
undertaken under the aegis of the Support has continued to be
UN Intersecretariat Group for Water provided to these bodies, which have
Resources. The project was initiated seen an important increase in their
in 1990 and funded by UNDP. The membership and levels of activity in
following reports were prepared by recent years; the six groups are now
the agencies indicated: progress on composed of a total of some 150
water-resource assessment (WMOf experts and 55 rapporteurs on difUNESCO ), agricultural water u se ferent subjects. They constitute a
(FAO), water quality issues (WHO), valuable and important source of
and economic aspects (UN). These expertise, not only for their Regions
reports were considered during the but also at the global level. One of
twelfth session of the Committee the many regional activities in
on Natural Resources of the UN hydrology was the RA IIIfRA IV
Economic and Social Council Training Seminar on Secondary
(ECOSOC) (New York, April 1991). Data Processing held in Santo
They also constitute one of the basic Domingo , Dominican Republic, in
inputs to the ICWE (see p. 39).
April 1991. Fifty-nine participants
WMO has also co-operated in the from 24 countrie s attended the
World BankfUN DP Sub-Saharan seminar which covered theory and
Africa Hydrological Assessment practical applications. Computers
Project which focused on the state of were provided so that lecturers could
hydrological services in that region. demonstrate their analysis methods,
Both the WMO/UNESCO report and most of which were HOMS comthe reports ofthe Africa Project show ponents. The seminar concluded by
there is a serious decline in the abil- adopting a number of recom ity of H ydrological Services to mendations, addressed to national
shoulder their responsibilities. They authorities , HNRC s an d WMO ,
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Results from the analysis of the
101 replies to the 1989 survey of
Members' training needs for the next
financial period were made available
to various meetings of constituent
bodies and other groups which met
during 1991. They are being used in
the continuing search for funds for
training events under the concept of
a strategic approach to training for
national manpower development.
The continued development of
computerized databases ensures
more efficient access to, and utilization of, fellowships statistics, training
needs, and information on training courses and programme s in
Members' meteorological training
facilities.

Education and training
meetings
Three education and training meetings sponsored by WMO took place
in Toronto with the Atmospheric
Environment Service (AES) as very
competent host:
• The Symposium on Methods of
Meteorological Education and
Training including the Use
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of New Relevant Technologie s,
(SYMMET) from 19 to 23 August
(see picture below);
• The Meeting of Directors or
Principals of Regional Meteorological Training Centres (RMTCs)
on 24 August;
• The Second Meeting of the
Standing Conference of Heads of
Training Institutions of National
Meteorological Services on
26 August.
Secretariat staff also participated
in a number of other events including: the Workshop on Meteorological
Education in Brazil (Sao Paulo,
October); the fifth session of the IOC
Committee for Training and Marine
Sciences (Paris, February-March);
and the International Postgraduate
Course in Hydrology (Padua ,
October). Visits were also made to
RMTC s in Algeria, Brazil, Costa
Rica and Venezuela.

EC Panel of Experts on
Education and Training
The panel held its fourteenth session
from 9 to 13 December at WMO

Ms Pauline Browes, Minister of State, who visited a computer training package display at SYMMET,
Toronto, August, is seen here with Mr F Bowkett, AES (left), Or T. Spangler, COMET Programme,
Boulder, USA (centre) and Mr J. Mills, AES (right) (WMO/Rudder)
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Headquarters. Many aspects of
scientific and technical education
and training in meteorology and
operational hydrology were discussed under the various agenda items
and special emph asis was given to
the impacts of advances in technology on the education and training
process. The panel's recommendations will be submitted to the next
session of the Executive Council.

Fellowships
The fellow ships awarded in 1991
under the various programmes or
sources of support are listed in the
table on the facing page. There was
a marked increase in awarded
fellowships in 1991, in particular for
short-term fellowships where an
increase of about 33 per cent was
achieved with respect to 1990.
Attempts were made during the year
to increase the fellowship resources
by tapping extra-budgetary and new
sources of funding.

Regional Meteorological
Training Centres
The network of WMO Regional
Meteorological Training Centres
comprises 17 centres. During 1991,
14 ofthem maintained their routine
training programmes and have
continued to contribute significantly
to the training of operational personnel from their Regions, and in some
instances from other Regions. New
routine courses as well as ad hoc
specialized training events were organized at a number ofRMTCs. WMO
provided assistance during the year
to all RMTCs in the form of training
materials and publications and , to
several centres, support for
instructors at training events and for
visiting scientists. The Secretariat
has continued to monitor the
activities ofthe centres with the main
purpose of helping to ensure a high
standard of performance.

TRAINING COURSES, SEMINARS AND WORKSHOPS CO-SPONSORED OR JOINTLY
SUPPORTED IN 1991
Subject area

Event title

Location

Dates

Language(s)

Agrometeorologyl
Agroclimatology

WMO/FAO Training Seminars on the Use of Meteorological Data for Effective Planning and Management
of Water for Sustainable Irrigated Crop Production

Zaria, Nigeria
Morogo, Tanzania
Jakarta, Indonesia
Ankara, Turkey

11-23 March
18-30 October
25 Nov.-7 Dec.
2-13 December

English
English
English
English

WMO/ICRISAT/ICARDA Training Workshop on the
Preparation of Practical Agrometeorologicallnformation

Algiers, Algeria
Aleppo, Syria
Niamey, Niger

20-29 April
6-17 October
7-18 October

French
English
French

WMO/FAO Workshop on the Use of Meteorological Information in Forest Fire Management

Rabat, Morocco

25-30 November

French

International Post-graduate Courses in Agrometeorology

Bet Dagan, Israel

24 April-25 May;
21 Oc\.-7 Dec.;
29 Dec. 91-13 Feb. 92

Englishl
Spanish

Training Course on Statistics in Agricultural Climatology

Reading, UK

10 July-17 December

English

8th International Training Course for Technical
Personnel in Agrometeorology

Bogota, Colombia

29 July-13 September

Spanish

Air Pollution

17th Training Course on Background Atmospheric
Composition Measurements

Budapest, Hungary

3-30 November

English

Hydrology

ICRISATIWMO/IH/ODAIIAHS International Workshop
on Soil Water in the Sudano-Sahel ian Zone

Niamey, Niger

18-23 February

Englishl
French

WMO/UNEP/NOAA Regional Training Seminar
on Drought Preparedness and Management

Bangkok, Thailand

25-29 March

English

Training Course on Hydrological Forecasting

Davis, USA

9 July-13 September

English

Regional Postgraduate Course on Operational
Hydrology

Nairobi, Kenya

September 91June 92

English

22nd International Postgraduate Course on Hydrology

Budapest, Hungary

1 February-31 July

English

International Postgraduate Course in Hydrology

Padua, Italy

10 Dec. 90-9 June 91

English

Training Course on Techniques of Hydrologic
Investigations

Denver, USA

13 June-23 August

English

20th International Postgraduate Diploma and
Master's Courses in Hydrology

Roorkee, India

Start 17 July

English

International Postgraduate MSc and Diploma
Courses in Hydrology

Galway, Ireland

Start 10 October

English

NWP

Advanced Training Course on Numerical Weather
Prediction

Reading, UK

8 April-7 June

English

Operational
Meteorology

2nd Data Processing Course for Class I
Meteorologists

Nairobi, Kenya

6 May-5 September

English

Modular Training Programme 1991-1992

Toulouse, France

2 Sep\. 91-18 Dec. 92

French

Training events
FELLOWSHIPS AWARDED IN 1991
During 1991, a total of 708 persons
participated in 26 training events
organized by WMO in 23 different
Member countries. WMO als o cosponsored or jointly supported 26
training events which were organized b y Members or national
institutions (see tables above and
on the following page).

Programmeslsources

UNDP
VCP
VCP(F)
Trust Funds
WMO Regular Budget
TOTAL

Fellowships: Long-term/Short-term

24
14
31
11
80

121
52
15
25
15
228

Short duration training

71
8
6
3
6

94
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TRAINING COURSES, SEMINARS AND WORKSHOPS ORGANIZED BY WMO IN 1991
Subject area

Event title

Location

Dates

Language(s)

Aeronautical
Meteorology

Regional Training Seminar on Aeronautical
Forecasting, Briefing and Documentation

Singapore

21-25 October

English

Regional Seminar on Weather Phenomena
Hazardous to Air Navigation in SE Asia

Hanoi, Viet Nam

28 October1 November

English

Roving Training Seminar on New Forecasting Techniques
in Aeronautical Meteorology

Lesotho, Malawi,
Tanzania, Zambia
and Zimbabwe

18 November20 December

English

Workshop on Operational Applications of Agrometeorology

Manila, Philippines

30 September11 October

English

Training Seminar on the Preparation and Use of DroughtRelated Meteorological Products Issued by Drought
Monitoring Centres in Nairobi and Harare

Harare, Zimbabwe

15 July-23 August

English

Data
Management

Training Seminar on WWW Data Management
and Monitoring Aspects

Hamburg, Germany

2-6 December

English

Energy

Seminar on the Presentation and Use of
Meteorological Data for Solar and Wind Energy

Kathmandu, Nepal

11-13 March

English

Roving Seminar on Solar and Wind Energy
Meteorology

Lisbon, Portugal and
Luqa, Malta

1-5 July

English

Training Workshop on the Interpretation of NWP
Products in Terms of Local Weather Phenomena
and their Verification

Wageningen,
Netherlands

29 July- 9 August

English

RA I Training Seminar on Operational Use of NWP
Products

Dakar, Senegal

25-29 November

English

Operational
Hydrology

RA III/IV Training Seminar on Secondary Data
Processing and Analysis of Hydrological Data

Santo Domingo,
Dominican Republic

22-26 April

English/
Spanish

Satellite
Meteorology

Second WMO Workshop on Remote Sensing
of Sea Ice

Ottawa, Canada

10- 13 September

English

RA liN Training Seminar on Use of Satellite Data
in Meteorological and Hydrological Applications

Beijing, China

14-25 October

English

Training

Symposium on Methods of Meteorological Education and Training Including the Use of New
Relevant Technologies

Toronto, Canada

19-23 August

English

Tropical
Meteorology

WMO Training Course in Monsoon Meteorology

Pune, India

7 January1 February

English

WMO Third Regional Workshop on Asian/African
Monsoon Emphasizing Training Aspects

Pune, India

4-8 February

English

RA IV Workshop on Hurricane Forecasting and
Warning

Miami, USA

18-27 March

English

RA I Roving Seminar on Tropical Cyclone
Forecasting

Maputo, Mozambique
and St. Denis,
La Reunion (France)

280ct.-1 Nov.
and
4-8 November

English

Workshop on Tropical Cyclone and Storm Surges
Forecasting

Colombo,
Sri Lanka

11-15 November

English

Workshop on Tropical Cyclone Forecasting

Nadi, Fiji

8-19 October

English

Agrometeorology

Numerical
Weather
Prediction
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ACTIVITIES OF THE REGIONAL METEOROLOGICAL TRAINING CENTRE (RMTC),
SAN JOSE, COSTA RICA DURING 1991
As of 1991 , the Regional Meteorological Training Centre (RMTC) at
the University of Costa Rica has been operating without interruption
for 24 years. There are currently some 40 students involved in its
meteorology courses. Half are from Costa Rica, the remainder are
fellowship-holders, funded by WMO or local projects, from EI
Salvador, Honduras, Nicaragua, Panama, Paraguay and Venezuela.
The third training course for Class II meteorologists began in May
1991 with 17 students from Central American countries. This
18-month course is supported by the National Meteorological
Institute of Costa Rica, WMO and the Government of Finland through
the Finnish International Development Agency (FINNIDA) Project for
the Rehabilitation and Improvement of the Meteorological and
Hydrological Services of the Central American Isthmus (PRIMSCEN).
The Centre's activities have included talks, seminars and special
courses for the general public and specific sectors such as primary
and secondary school teachers. The various topics presented have
included a modern approach to climate, climate change, the ozone
problem, environmental pollution and natural disasters.
On 11 July 1991, Costa Rica experienced a total eclipse of the
sun. The Centre took part in the research into the associated meteorological phenomena, and its findings will be presented in a book to
be published by the University of Costa Rica Press in 1992.
The EI Niilo/Southern Oscillation phenomenon, which has been
developing in 1991 and which affects Costa Rica very directly, has
received much attention at the Centre. It has been the subject of a
draft thesis, public information articles and a round table attended by
specialists from the Centre and other Costa Rican institutes.
The Centre for Geophysical Research of the University of Costa
Rica co-operates actively in the work done by the RMTC. It operates
a satellite image receiver serving meteorological purposes as well as
a principal meteorological station, which is shortly to be converted
into a regional centre for the calibration of solar radiation measuring
equipment thanks, once again, to the FINNIDA project.

Training publications
During the year, priority was again
given to the preparation of new training publications and the revision and
translation of existing ones fr om the
original into other WMO languages.
Technical publication WMO /TD No. 413 Guidance for the Education
and Tra ining of Instrument Specialists, prepare d by a e l MO wor king
group, was published in English.
The following publications h ave
also been prepared: WMO-No. 434,
Comp endium of lec t u re n otes in
marine meteorology for Class III and
Class IV personnel , revised English
e dition ; WMO-No . 266, Comp end ium of lecture notes for tra ining
Class IV m eteorolog ical p ersonnel ,
Vol. II - Meteorology, second edition,

Participants at the Class I course offered by the RMTC Costa Rica
and financed under the WMOIFINNIDA PRIMSCEN, pictured in front
of a University of Costa Rica Library building (UCR)
Also within the framework of the same project, some 20 new
students from Central America are expected to join the programme
for Class I meteorologists by 1992, and a further 20 to join the fourth
Class II course in October 1992.

in Spanish; WMO-No. 364, Compendium of lecture notes for u se by
Class I and Class II m eteorological
p ersonnel , Volume l , Part 3 Synoptic meteorology, in Spanish .

Training library
The WMO Training Library continu ed to str en gthen a nd expa nd its
holdings mainly in the area of audiovisu al t r aining a ids to m eet the
increasing requirements of Members
fo r these m a t erials . The Training
Library m a de available 211 videofilm s, a nd 43 slides set s, totalling
more than 5 000 individual slides, in
response to r equest s from Members,
tr aining institutions and WM OI
UNDP projects.
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Some 130 WMO Member countries
received technical assistance to
the value of US $32 454 million
during 1991. These technical cooperation activities are financed
from the United Nations Development Programme (UNDP), 48%; the
Voluntary Co-operation Programme
(VCP), 24%; trust funds (TF), 24%;
and the WMO regular budget (RB )
four per cent.

United Nations Development
Programme (UNDP)
As in previous years, UNDP constituted the major source of financing.
Besides the projects started earlier
and continuing into 1992, four new
country projects were approved: two
in Region II, one in Region III and
one in Region IV. It should be noted,
however, that 1991 was the last year
of the fourth UNDP cycle. Sectoral
advisory missions in meteorology
and operational hydrology were also
undertaken in 29 countries to assist
in the planning and formulation of
new UNDP projects. A total of US
$196487 was spent for that purpose.
With regard to the AGRHYMET
Programme (agrometeorology and
operational hydrology and their
applications), 1991 was a year in
which emphasis was placed on the
preparation of a new Phase IV.

WMO ANNUAL REPORT 1991

WMO consultants visited countries
to assess their requirements and to
develop specific project proposals for
review by the fourth joint session of
the Executive Committee and the
Co-ordinating Advisory Committee
(Niamey, December). A Tripartite
Review meeting of the UNDP/WMO/
CILSS regional project also made
recommendations for the development of the next phase to be funded
under the UNDP fifth cycle. In addition to UNDP, the programme was
supported by Belgium, France, Italy,
Netherlands, Switzerland and USA.
Significant progress was made in
the implementation ofthe project on
Drought Monitoring for Eastern and
Southern Africa, particularly as
regards the development of products
for users. The in-depth evaluation
mission , carried out in October,
noted that valuable results had been
achieved and recommended further
support from the UNDP and other
potential donors to ensure that the
objectives of the project are fully met.
The implementation of the
HYDRO NIGER project continued,
with emphasis on the development
and fine tuning of the hydrological
forecasting models as well as on the
establishment of a regional databank. Regular monthly bulletins
were disseminated to project coun-
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tries and assistance was provided for
the maintenance of data collection
platforms. A mission to assess the
economic benefits of the hydrological
forecasts and products developed by
the International Forecasting Centre
was carried out and the results submitted to the technical committee. A
draft project proposal for continued
support by UNDP and EEC was also
prepared. A Tripartite Review meeting took place in December.
CLICOM systems (hardware and
software) and local training were
provided to Jordan, Libyan Arab
Jamahiriya and Yugos lavia. The
systems are being used to process,
store and retrieve meteorological
data from the network of stations for
research work and studies related to
climate and climate change.
Sixteen Members of RA II benefited from 14 UNDP country projects
and four inter-country projects
executed by WMO.
The high gust anemometer provided under the UNDP inter-country
project remained intact during the
severe cyclone in the Bay of Bengal
(late April 1991) that devastated
over a dozen observation stations in
Bangladesh. Thanks to the technical
assistance received in recent years,
the Bangladesh Meteorological
Department was able to issue bulletins on the approaching cyclone a
full 30 hours ahead of impact.
Government regulations require
warnings to be issued 18 hours in
advance (see also pp. 7 and 49).

The telecommunication message switching and
data-processing systems at the
Hydrometearolagical Service of Viet Nam (RA /I)
(WMO/Azab)
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REHABILITATION AND IMPROVEMENT OF THE METEOROLOGICAL AND HYDROLOGICAL
SERVICES OF THE CENTRAL AMERICAN ISTHMUS (PRIMSCEN)
This WMO project, funded by the Finnish International Developrnent Agency
(FINNIDA), benefits six countries of the Central American Isthmus: Belize,
Costa Rica, EI Salvador, Honduras, Nicaragua and Panama. Approximately
US $10 million has been allocated for the period 1991-1994.
The main long-terrn objective of the project is to enhance the capacity of
national Meteorological and Hydrological Services to provide information to
various development sectors of the countries thus enabling them to contribute better to socio-economic progress. The five immediate objectives are:
(a) improvement of the meteorological and hydrological networks; (b)
improvement of the regional telecommunications system; (c) improvement of
the data managernent systems; (d) implementation of education and training
programmes; and (e) strengthening the regional co-ordination mechanism.
The executing agencies of the project are WMO and the Finnish
Meteorological Institute. Its regional counterpart is the Comite Regional de
Recursos Hidraulicos (CRRH) and the national counterparts are the

Nine Members and s ix nonMembers in the South-West Pacific
region benefited from three country
proj ects and four inter-country
proj ects executed by WMO with
UNDP funding.
Three automatic weather stations
(AWS ) were installed in remote
islands in the South Pacific, namely
Anuta Island (Solomon Islands ),
Nukunono (Tokelau) and Suwarrow
Atoll (Cook Islands). All three are
now providing invaluable weather
data for aviation and shipping especially during the cyclone seasons. In
addition , three micro-computer
systems, using software provided by
the Australian Bureau of Meteorology, were procured for Vanuatu, Fiji
and Papua New Guinea for tropical
cylone analysis and prediction.
UNDP supported one "umbrella"
proj ect in Latin America and two
projects in the Caribbean. The former provided assistance to Members
attending seminars, workshops or
technical conferences. The latter, for
the Engli sh- s peaking Caribbean
countrie s, covered computerized
processing of h ydrological data and
improvements to the hurricane
warning system.
UNDP assisted in the implementation of other projects in 16 Central
American and Caribbean countries.
The fact that most projects in the
region have a substantial input in
cash from the counterpart institution (in addition to the contribution

Permanent Representatives with WMO of the countries participating. The
project is also counting on the co-operation of the US National Weather
Service for the provision of technical assistance to repair CEMET and to
install the proposed satellite-based telecommunications system.
The project activities and work plans are co-ordinated by a body which
meets once a year and on which all parties are represented, a core group
composed of representatives of the executing agencies and the field personnel meets when the project development calls for it. The project. which
started officially on 1 February 1991, has an expected duration of four years.

in kind), has changed the character tions each year. During 1991, funds
ofthese undertakings. Counterparts were allocated for spare parts, travel
are now more active in the decision- of experts, fellowships and highmaking process, they feel there is priority programmes. The VCP(ES),
more likelihood of having their views which makes up 95% of the overall
taken into account and appear to be VCP programme, provides equipment,
more involved about the u se of pro- experts' services and fellowships,
ject funds. The projects have become which are donated in response to
primarily governmental undertak- specific requests.
ings. Success or failure is, to a large
extent, dependent upon the ability of Voluntary Co-operation Fund (VCP(F))
governments to create, during the Cash contributions received in 1991
lifetime of the project, mechanism s from 13 donors amounted to some
to ensure the continuity of activities, US $387 345, bringing the total
the maintenance and operation of contributions to the fund since its
facilities and networks and the inception, that is for the period
retention of trained staff. WMO 1968-1991, to US $8.48 million.
ensures that counterparts are fully
Developing countries needing
aware of their responsibilities in this temporary assistance to operate and
regard.
maintain WWW facilities can obtain
loans not exceeding US $8 000 per
Global Environment Facility (GEF) country for the purchase of s pare
The Global Environment Facility, parts and consumables through the
managed by UNDP, the World Bank VCP Revolving Fund.
and UNEP, provided a sum of US
$4.8 million for the project "Global Equipment and services programme
Monitoring of Greenhouse Gases (VCP(ES))
including Ozone". Several observing The estimated value of contributions
station s, to measure greenhouse in the form of equipment, services
gases, ozone and solar radiation and and fellowships for 1991 amounted
other parameters, will be established to US $ 7.40 million , bringing the
in developing countries.
total for the p eriod 1968-1991 to
over US $175 million. Contributions
Voluntary Co-operation
enabled many countries to obtain
Programme (VCP)
new surface and upper-air observing
The VCP consists of two elements: equipment, APTIWEFAX receiving
VCP(F) and VCP(ES). The VCP(F) is stations and telecommunication
a multilateral fund from which equipment, including data-collection
the Executive Council makes alloca- platforms for upgrading the GTS. In
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addition, computer systems were
donated for telecommunication
purposes and for processing climatological data within th e CLICOM
project.
Projects approved for circulation in
1991 (training projects excluded)

In 1991 the EC Panel of Experts on
the VCP, or the President ofWMO on
its behalf, approved 100 new projects
for circulation. Of these, 57 related to
the GOS, 16 to the GTS, seven to
the GDPS , 13 to data-processing
faciliti es for the WCP and seven to
hydrology and water resources.
Status of implementation of VCP
projects

A total of 50 VCP projects, mostly in
support of WWW activities, were
completed during the ye ar. As of
31 December 1991, 89 projects benefiting 62 countlies were being implemented; ofthese, 59 had full support
and 30 had partial support. It is
worth noting that 24 projects aimed
at up grading su rface observing
stations, 19 at strengthening upperair ob serving stations, two at
installing APTIWEFAX systems and
26 at upgrading telecommunication
centres or circuits. Nine requests

were submitted by Members for
microcomputers for climatological
data-management purposes and two
for data processing. The other seven
projects were for the establishment
of radia tion- and ozone-measuring
stations, air-pollution measuring
stations, hydrological stations and
meteorological instrument calibration workshops.
Co-ordinated programmes

During the year, automation of the
functions of telecommunication
centres was pursued and the pilot
project to assess the capabilities of
data-collection platforms to improve
telecommunications in Africa was
enlarged to include the assessment
of the Meteorological Data Distribution (MDD) mission. Efforts
were also devoted to improving the
network of upper-air observing
stations and to equipping most ofthe
Meteorological Services with microcomputers to process climatological
and other data.
VCP training projects

A total of 191 VCP projects for training were approved for circulation.
One hundred concerned long-term
and 91 short-term fellowships.

TECHNICAL CO-OPERATION PROGRAMME MEETINGS
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Date and place

TItle

26-28 February
Geneva

Informal Planning Meeting of Major Donor Members to the VCP

25 May
Geneva

EC Panel of Experts on the WMO Voluntary Co·operation Programme
(VCP)

25-27 June
San Jose, Costa Rica

First Meeting of the Co-ordinating Body of the WMO/FINNIDA Project
Rehabilitation and Improvement of the Metecrological and Hydrological
Services of the Central American Isthmus (PRIMSCEN)

31 July-9 August
Maputo, Mozambique

Workshop on Calibration and Comparison of Conventional Metecrological
Instruments (FINNIDAISATCCIWMO metecrology project)

9-10 August
Harare, Zimbabwe

Experts/Scientists Co-ordination Meeting on Drought Monitoring
Centres' Activities

5-Q September
Geneva

Core Group of the WMO/FINNIDA project PRIMSCEN - first session

4-il October
Geneva

ECAlWMO Co-ordination Meeting on African Centre of Metecrological
Applications for Development (ACMAD)

9-14 December
Niamey, Niger

Annual Statutory meetings of the AGRHYMET Programme

Trust-fund projects
With the increase of meteorological
and hydrological applications in agriculture, transport, irrigation, flood
forecasting, etc., more national institutions are contributing to WMO
projects through trust-fund agreements. In this way the projects benefit from the expertise available in the
WMO Secretariat, the knowledge
a nd experience of technical cooperation staff in the acquisition of
instruments and equipment, as well
as the facilities and support offered
by UNDP field offices.
Phase II of the FINNIDNSATCC/
WMO Meteorology Project continued
during 1991. Most of the equipment
was purchased and is being installed. Experts and consultants for the
national components were recruited
and are carrying out their duties
satisfactorily. The training component, which comprises the provision of
individual fellowships and group
training in s pecialized fields, was
also progressing well. The mid-term
evaluation mis sion carried out
in August noted the succe ssful
implementation of the project and
recommended the continuation of
FINNIDA's support during a further
phase. The Tripartite Review meeting in Mozambique , in November,
suggested specific action to ensure
completion of Phase II activities by
the end of 1992 and also recommended that proposals for Phase III
be develope d for s ubmission to
FINNIDA.
In 1991 , Phase I of the WMO/
SudanlFINNIDA project "Rehabilitation of the Sudan Meteorological
Department" was satisfactOlily completed. The Agreement covering
Phase II , which was signed on
26 March 1991, provides for additional meteorological equipment and
training of nationals up to the postgraduate level.
In December 1991, Finland made
available US $3.3 million to improve
the functioning ofthe GOS upper-air
observing network in Sudan.
Belgium donated US $863 150 for
the purpo se of improving food
production and food security through
the application of m eteorological,
agrometeorological and hydrological
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CLIMATE MONITORING

AND IMPACTS FOR THE
SOUTH-WEST PACIFIC: A
FEASIBILITY STUDY
The Australian International Development
Assistance Bureau (AIDAB) provided US
$193800 for this 12-country study, executed
by WMO. Ateam comprising a team leader, a
meteorologist, an environmentalist, a WMO
expert and a project-design specialist carried
out the study. It provides a first step towards
the development of a regional programme for
climate monitoring, assessment of environmental impacts and formulation of response
strategies in line with the initiatives of WMO,
UNEP and South Pacific Regional Environmental Programme (SPREP), The report,
containing concrete proposals, has been
submitted to the donor ccmmunity for
consideration.

information. As in previous years,
fellowships were also awarded for
the agrometeorology course at the

Fondation universitaire luxembourgeoise, ArIon.
Belgium has also distributed
some highly attractive components
through the HOMS-MICRO project
for database management of hydrological data on a microcomputer.
Extra facilities have been added to
the basic system currently u sed in
many countries. A special project to
reinforce the Algerian National
Hydraulic Re s ources Agency has
been completed. Supplementary
funds have also been provided to the
AGRHYMET centre to support operating costs.
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operations effectively. Donors, who nated by EC-XLIID. The fund will be
had pledged support for the imple- used to assist Members to re store
mentation of the Centre, were their meteorological and hydrological
contacted and contributions have observing networks, data-collection
been received from Belgium, France, and processing facilities and internaand UK. The People's Republic of tional data exchange, in areas where
China organized a survey mission to natural disasters have destroyed or
Niamey, Niger, to assess require- severely disabled the meteorological
ments for the construction of the and/or h ydrological infrastructure.
Centre's headquarters for which EC-XLIII established the rules and
China intends to make a major procedures for the operation of the
contribution to the costs. An ECA! fund , as well as its financial rules.
WMO co-ordination meeting was WMO h as already initiated action to
organized in October to develop an obtain contributions by approaching
action plan to speed up the imple- potential donor countries, funding
mentation of ACMAD.
agencies and international development organizations. Assistance from
Regular budget
the fund will be provided in consultaThe total number of countries which tion with the Office of the United
received assistance under the regu- Nations Disaster Relief Co-ordinator
lar budget in 1991 was 60 for a total which is the focal point within the
amount of US $1 243 000.
UN system for the co-ordination of
During the same year 26 new disaster relief.
fellowship were awarded from the
Following the establishment of
regular budget, 14 being long-term the fund, Bangladesh asked for
or of university level. Financial help to restore its meteorological
support was also given for participa- observing facilities that had been
tion in group training, technical de stroyed by a tropical cyclone in
April/May 1991. China donated
conferences and study tours.
instruments for ten synoptic stations
and related telecommunication
equipment, Finland provided funds
for the re-establishment of an upperair station and the UK made available surface weather observing
instruments and telecommunication
equipment.

Gauging station on River Lichenya at Milonde,
Malawi under a UNOPIWMO project "Flood
forecasting and warning system for Lower Shire
Valley" (WMO/Kerekes)

Associate Experts scheme

African Centre of Meteorological
Applications for Development
(ACMAD)

Seven Associate Experts in the field
were fmanced by Belgium, Italy, the
Netherlands and Tunisia. Four
Junior Professional Officers, who are
financed by Finland, Italy and
Japan, worked in the Secretariat.

Mr S. Boulhaya (Algeria), who was
nominated by the Board of Governors of ACMAD as DirectorGeneral of the Centre, took up office
in July 1991. The ECA and WMO
Secretariats continued their efforts
to ensure that the Centre begins its

Eleventh Congress decided to establish an emergency assistance fund:
the "WMO Natural Disaster Assistance Fund for Meteorological and
Hydrological Services" (as desig-

Emergency assistance fund
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Eleventh Congr ess expressed its national co-operation in meteorology
satisfaction with the increasing role and operational hydrology to governof t h e Regional Offices as focal mental authorities.
points for regional activities, and
Each Office produces its own
called for support fo r their further Newsletter which serves as an effective and much appreciated forum for
development.
The Offices continued their the exchange of information among
efforts to assist Member countries Members.
to con solidate their basic services
a nd impl ement t h e WMO pro- Regional Office for Africa
gra mm es. These activities were Congress agreed that the Regional
fully co-ordinated with technical Office for Africa should continue to
de partments an d other offices in be located in Bujumbura, Burundi
t h e Secretariat. A main thru st of and expressed its deep appreciation
the Offices is to h elp improve the to t h e Government of Burundi for
statu s and to assist in increasing having hosted the Office dming the
the visibility of national Meteoro - tenth finan cial period and for its
logical and Hydrological Services by generou s offer to continue t o do so.
highlighting t he importance of the Action is being taken to modify the
role and contribution of meteorology Agreemen t so that it can be tacitly
and operational hydrology to socio- renewed from one financial period to
another. February 1991, marked the
economic development.
Visits to Members continued to tenth anniversary of the transfer of
form an important part of the work the Office to Bujumbura from Headof the Offices . During the se visits quarters in Geneva.
problems and needs of Members
The Office p rovided support to
were identified with a view to Mr K. Konan~ , the president of RA I
fin ding appropriate s olutions. In in connection with missions h e
addition, presentations were made to undertook for the Association . It also
demonstrate the benefits of inter- followed up on th e decisions of the
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tenth session of RA I, in particular
as regards the establishment of the
working groups and rapporteurs.
Close working relationships were
maintained with regional organizations, including those of oth er UN
bodies su ch as FAO, IeAO and
UNEP, involved in socio-economic
development. On behalf ofWMO, the
staff of the Office effectively participated in and contributed to meetings
on environment and development
organized by the Organization of
African Unity (OAU), the UN Economic Commission for Africa (ECA),
the African Ministerial Conference
on Environment (AMCEN ) a nd
other regional organizations-all in
preparation for UNCED 1992. This
has helped ensure that meteorology
and operational hydrology are appropriately taken into consideration in
the planned OAU African Economic
Comm unity an d in th e African
Common Position to be submitted to
UNCED.
The Office was closely associated
with the implementation of regional
projects such as ACMAD and the
Drought Monitoring Centres for east-

Developing countries are being assisted to
acquire appropriate technology and training in
its use as part of WMO's efforts to "bridge the
gap". The picture shows a meteorological
officer of the Civil Aviation Branch at Matsapa
Airport (Manzini) Swaziland operating a newly
installed METEOSAT Meteorological Data
Distribution (MOO) system. Such equipment will
help improve the effectiveness of the World
Weather Watch in Africa (WMO/O'Laughlin)
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ern and southern Africa . Similarly,
other technical co-operation programmes in meteorology were
closely monitored, particularly those
established within economic groupings such as the Southern African
Development Co-ordination Conferenc e (SADCC ), the InterGovernmental Authority against
Drought and Development (lGADD),
the Permanent Interstate Committee
on Drought Control in the Sahel
(CILSS), the Economic Community of
the Great Lakes Countries (CEPGL),
the Arab Maghreb Union (AMU) and
the Indian Ocean Commission (lOC).
The Office also actively assists
Member countries of the Economic
Community of the West African
States (ECOWAS) and the Economic
Community of the Central African
States (ECCAS) in developing combined meteorological programmes.
The Office continued to host the
Regional Co-ordination Unit of the
AMCEN Climatology Network
pending its transfer to ACMAD.

Regional Office for the Americas
The Office worked closely with
Coronel C. A. Grezzi and Mr J. 1.
Valencia Franco, respectively the
former and acting presidents of
Regional Association III, and with
Mr C. E. Berridge, the president of
Regional Association IV
Due to the important changes
in the Meteorological Services of
the Regions which took place during
the year, a number of missions
were aimed principally at briefing
new directors or newly appointed
Permanent Representatives on
WMO programmes and, occasionally,
providing information on WMO
rules and procedures.
Furthermore, the Office provided
support to Members in preparation
for Eleventh Congress and the forthcoming UNCED 1992 . The Office
also played an important role in coordinating the organization of working group sessions and other WMO
events in the Regions, particularly,
as concerns contacts with Members
who hosted or will host such meetings in the near future.
In the middle of the year, an additional officer joined the Regional
Office thereby enabling it to provide

The Directors of Meteorological Services of signatory countries of the Common Market of the
Southern Cone (MERCOSUR) Treaty met in Montevideo to discuss various matters of importance for
this sub-region. The WMO Regional Director for the Americas also participated

greater support to Members, especially in areas related to the WWW.
Thanks to the generosity of the
Government of Paraguay, new and
larger premises have been assigned
to the Regional Office.
The FINNIDA-financed project in
the Central American Isthmus, with
headquarters in San Jose, Costa
Rica is undoubtedly an excellent
example of what can be achieved in
the field of technical co-operation.
Further information about the
project is given on page 47.

Regional Office for Asia and the
South-West Pacific
The Regional Office continued its
efforts in support of the establishment of the ASEAN Specialized
Meteorological Centre in Singapore
and, in August 1991, participated in
the fourteenth meeting of the
ASEAN Sub-Committee on Meteorology and Geophysics which was held
in Singapore. The Office also provided support to the three tropical
cyclone bodies in Regions II and V
namely, the RA V Tropical Cyclone
Committee for the South Pacific and
the South-East Indian Ocean, the
ESCAPIWMO Typhoon Committee
and the WMO /ESCAP Panel on
Tropical Cyclones.
The president of RA V, Mr Paul
Lo Su Siew, accompanied by the
Regional Director, visited several
countries in the Region to become
better informed on the work of the
national Meteorological and Hydrological Services and to promote
regional collaboration among the
Members. The Office has established
close working relationships with

Mr Lo and with Mr Issa Hussain
Al-Majed, the president ofRA II.
A highlight of the year was
the Technical Conference on the
Management of Meteorological
Services in RA II (see p. 52).

Regional Association VI (Europe)
Between 29 September to 4 October,
Professor A. Grammeltvedt, the
president of the Association visited
the national MeteorologicallHydrometeorological Services of Austria,
Czechoslovakia and Hungary to
discuss with their national authorities various matters concerning the
development of their Services as
well as regional co-operation. Recent
developments in eastern Europe
were also raised with the national
Services in Czechoslovakia and
Hungary. In Austria, the president
and the vice-president, Professor P.
Steinhauser, discussed ways and
means of promoting the activities of
the Association. The president was
accompanied by the Special Assistant to the Secretary-General, who is
responsible in the Secretariat for the
co-ordination of the Association's
activities.
These visits have provided further
insights into possible problems in the
provision of meteorological and
hydrological services. Such difficulties, particularly in the operational
facilities, could seriously impair the
effectiveness ofWMO Programmes,
particularly WWW, WCP and GAW.
At present, action is focused on:
• Improvement in telecommunications (especially upgrading links
and computers);
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TECHNICAL CONFERENCE ON MANAGEMENT OF METEOROLOGICAL SERVICES IN RA II
An important event organized by WMO in 1991 was the successful
"Technical Conference on the Management of Meteorological
Services in RA II" held from 23 to 27 September in Shanghai,
People's Republic of China. The conference provided an excellent
forum for Directors of Meteorological and Hydrological Services from
RA II, or their representatives, to learn from one another about the
organization and management of Meteorological and Hydrological
Services. The WMO President, Mr Zou Jingmeng and the SecretaryGeneral addressed the conference. Lectures and case studies were
presented by some participants, an invited expert and WMO
Secretariat staff.
The conference noted that sound management techniques and
methods were not always given high priority and appropriate recognition in their application to national Meteorological and Hydrological
Services. It agreed that constant improvement of managerial techniques and practices was essential in ensuring the effectiveness of
the national Services. In this regard, the conference recommended
that some aspects of management be incorporated in future training
events of WMO.
The conference deliberated on the future challenges to WMO in
the 1990s and the decades beyond, suggested means to meet these

challenges and in the process identified the role of the national
Meteorological and Hydrological Services. It agreed that WMO should
have a greater built-in flexibility to respond to these new challenges
and that developing countries should playa more active role in the
technical commissions.
Factors that continued to inhibit the advancement of meteorology,
such as the low status and low priority accorded to national Services
and the widening technology gap in meteorology were discussed.
The conference emphasized the need for enhanced efforts to overcome these impediments to progress.
In view of the success of the conference, participants expressed
the hope that such events would continue to be held in future.

Participants at the Technical Conference on
the Management of Meteorological
Services in RA II, Shanghai, China,
September 1991 (Shanghai Meteorological
Bureau)

• Modernization of instruments
(especially upper-air and radar);
• Enhancement of numerical
weather prediction capabilities
(especially the use oflimited area
models); and
• Strengthening of activities related
to environmental matters and
climate change issues.
However, considerable external
assistance is needed for this purpose
in the absence of support and assistance previous ly provided by the
former USSR. It is unlikely that
funds will be forthcoming from
UNDP because of the limited
Indicative Planning Figures (IPFs)
for eastern European countries
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(which range from US $1.5 to
6 million for the next UNDP cycle).
The Secretary-General is, therefore,
approaching donors, other than
UNDP, for support.
Commercialization of meteorological products and services, particularly in relation to the free
exchange of data, continues to be an
area of concern in the Region. A
major source of concern is the uncontrolled use of such data by commercial firms in activities which may
compete with those of the national
Meteorological Services.

Regular budget
The maximum expenditure approved
by Tenth Congress for the tenth
finan cial period (1989-1991 ) wa s
SFR 170 000 000. The budget for
the first biennium 1988-1989 was
SFR 82 634 400 including supplementary estimates of SFR 506 100
approved to cover the shortfall in
support cost income for the Technical
Co-operation Fund. The actual expenditure incurred in the first biennium
amounted to SFR 79 121 366. In

accordance with decisions of EC-XLI,
the budgetary surplus from the first
biennium was re-appropriated to the
second biennium 1990-1991. Also, in
accordance with the decisions of
EC-XLII, the budget for 1990-1991
includes supplementary estimates of
SFR 4 800 000 to cover increases in
staff costs due to increases in the UN
system of salaries and allowances.
At 31 December 1991, the end
of the tenth financial period
(1988-1991), the cash deficit which
had accumul ated amounted to

DETAILS OF BUDGET AND EXPENDITURE (IN SFR1000) FOR
THE TENTH FINANCIAL PERIOD (1988-1991)
Parts

Programmes

Expenditure

Expenditure'

1988- 1989

1990-1991

1.

Policy-making organs

1626

3565

2.

Executive management

4037

4803

3.

Scientific and technical programmes:

3.0

Overall co-ordination of the scientific
and technical programmes

919

1389

3.1

World Weather Watch Programme

8342

9486

3,2

World Climate Programme

6097

7749

3,3

Atmospheric Research and Environment Programme

4230

5246

3.4

Applications of Meteorology Programme

4269

5229

3.5

Hydrology and Water Resources Programme

3727

3967

3,6

Education and Training Programme

4536

5869

3.7

Regional Programme

4555

4700

36675

43635

3200

4149

Total Part 3: Scientific and technical programmes
4,

Technical Co-operation Programme

5,

Programme support services and publications

17971

21046

6,

Administration

14018

17077

7,

Other budgetary provisions

1 594

1666

79121

95941

Total

SFR 1 781 678. Thi s repre sents a
reduction of SFR 7 940 672 in the
accumulated deficit carried forward
from the ninth financial period
(1984-1987) and was achieved in
spite of an increase in overall unpaid
contributions.

Contributions
Assessed contributions for the year
1991 totalled SFR 48743441, including a contribution of SFR 7591 in
respect of one new Member, a reduction of contribution of SFR 9 745 for
one Member and SFR 4 800 000 in
respect of supplementary estimates
approved by EC-XLII. Unpaid contributions in respect of these assessments amounted to SFR 11 980 678
at 31 December 1991.
Thtal unpaid contributions due from
Members at 31 December 1991 were
SFR 16 322 541 as compared with
SFR 13 652191 at 31 December 1990
and SFR 21609956 at 31 December
1989. On 1 January 1992, 27 Members
had forfeited their rights in accordance with decisions of Congress as
compared with 34 at 1 January 1991.

Working Capital Fund
In 1991 one advance amounting to
SFR 1 100 000 was made from
the Working Capital Fund to the
General Fund to meet cash shortages
due to late payment and arrears of
contributions. This advance was
repaid during the course of the year.

Extra-budgetary expenditure
In addition to the extra-budgetary
activities in respect of technical cooperation projects, WMO administered several trust-fund and special
accounts financed by various Members
and international organizations
notably for UNDP and UNEP projects,
North Atlantic Ocean Stations, IPCC,
SWCC, TOGA, etc.

• Certification of the accounts by the External Auditors is awaited,
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DISTRIBUTION OF STAFF BY NATIONALITY AND REGION (on 31 December 1991)

u
RA I -Africa
Algeria
Burundi
Cameroon
Egypt
Ethiopia
Ghana
Guinea
Kenya
Mauritius
Morocco
Niger
Nigeria
Senegal
Sudan
Tanzania, United Republic of
Tunisia
Zambia
Zimbabwe

P

3
1
2
2
1
1
1

3
2

8

27

3
1

1
1
3
5
1
4
1
1

3
1

7

17
1
1
3
1
1
1

1
1
2
1

6

Total

2
1
1
1
1
1
2
2
2
3
1
1
1
2
2
2
1
1

1
1
2
2

9
RA 11/ - South America
Argentina
Brazil
Chile
Guyana
Paraguay
Peru

S

2
1

17
RA II - Asia
Bangladesh
Cambodia
China
India
Iran
Japan
Pakistan
Sri Lanka

G

2

U

RA V- South-West Pacific
Australia
Brunei
Indonesia
Malaysia
New Zealand
Philippines

54

S

Total

1
2
1

1
5

4
1
3
1
3
7

8

10

19

3

5
1
1
12
4
1
1
1
1
1
2
1
1
3
2
6
1

41

2
1
1

2
5

10
34

3

13
13

16
5

4
1

2

70

117 15

3

104 122
20

1
5
1
1
3
54
5
2
2
4
7
1
3
2
1
13
2
43
1
34
19
204

229
21

47
21

124 149 21

297

27

8
Total

RA IV - North and
Central America
Barbados
Canada
Costa Rica
Haiti
Honduras
Mexico
USA

G

3
1

RA VI - Europe
Austria
Belgium
Czechoslovakia
Denmark
Finland
France
Germany
Greece
Hungary
Ireland
Italy
Jordan
Netherlands
Norway
Poland
Spain
Sweden
Switzerland
Syria
United Kingdom of Great Britain
and Northern Ireland
Union of Soviet Socialist Republics'

Summary by funding sources
General Fund
UNDP Fund (Administration
and execution)
Supernumerary staff

P

1
3
1
1
1
7

3

3

1
4
1
1
1
1
13

14

5

3

22

3

U : Unclassified posts at the Secretariat (Secretary-General, Deputy
Secretary-General, Assistant Secretary-General)
P : Professional category staff and above (established posts)
G : General Service category staff (established posts)
S : Supernumerary staff (P and G categories)

.

Up to 24 December 1991

THE SECRETARIAT OF THE WORLD METEOROLOGICAL ORGANIZATION

W orld Weather Watch Department
(Director: J. Rasmussen)
World Climate Programme Department
(Director: V. Boldirev)
Joint Planning Staff for WCRP'
(Director: P. Morel)

Deputy
Secretary-General
(D.N . Axford)

Atmospheric Research and Environment
Programme Department
(Director: F. Delsol)
Hydrology and Water Resources
Department (Director: J. Rodda)
Technical Co-operation Department
(Director: E. Jatila)

Administration Department
(Director: J.K. Murithi)
Regional Offices for Africa
(Director: S. Chacowry),
the Americas (Director: G. Lizano),
and Asia and the South-West Pacific
(Director: T.Y. Ho)

Secretary-General
(G .O .P.Obasi)

Regional programme co-ord ination,
UN and external relations, public
information (Director: R.A. de Guzman)

Special duties:
Intergovernmental Negotiating
Committee for a Framework Convention
on Climate Change
(Director: S .G. Cornford)
Intergovernmental Panel on Climate
Change (Secretary: N. Sundararaman)

Assistant
Secretary-General
(R . Czelnai)

Education and Training Department
(Director : G. Necco)
Languages, Publications and
Conferences Department
(Director : A.W. Kabakibo)
Long-term planning
Formulation of programme and budget
WMO Bulletin
Co-ordination of arrangements
for Congress and EC

' World Climate Research Programme - Co-ordination in accordance with the WMO/ ICSU agreement
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ANNEX I

MEMBERS OF THE WORLD
METEOROLOGICAL ORGANIZATION (31.12.1991)

I. Members (States) under the terms of Article 3, paragraphs (a), (b) and (c) of the Convention (155)
Afghanistan
Albania
Algeria'
Angola
Antigua and Barbuda
Argentina'
Australia'
Austria'
Bahamas'
Bahrain
Bangladesh
Barbados'
Belarus '
Belgium'
Belize
Benin
Bolivia
Botswana
Brazil'
Brunei Darussalam
Bulgaria'
Burkina Faso'
Burundi
Cambodia'
Cameroon
Canada
Cape Verde
Central African Republic'
Chad
Chile
China'
Colombia
Comoros
Congo
Costa Rica
Cote d'ivoire'
Cuba'
Cyprus'
Czechoslovakia'
Democratic People's
Republic of Korea

Denmark'
Djibouti
Dominica
Dominican Republic
Ecuador'
Egypt'
EI Salvador
Ethiopia
Fiji'
Finland'
France
Gabon'
Gambia'
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'
Kenya'
Kuwait'
Lao People's Democratic
Republic'
Lebanon
Lesotho'
Liberia

Libyan Arab Jamahiriya'
Luxembourg'
Madagascar'
Malawi'
Malaysia'
Maldives
Mali'
Malta'
Mauritania
Mauritius'
Mexico
Mongolia'
Morocco'
Mozambique
Myanmar
Namibia
Nepal
Netherlands'
New Zealand'
Nicaragua'
Niger'
Nigeria'
Norway'
Oman
Pakistan'
Panama
Papua New Guinea
Paraguay
Peru
Philippines'
Poland'
Portugal
Qatar
Republic of Korea'
Republic of Yemen
Romania'
Rwanda'
Russian Federation' (see note p. 1)
Saint Lucia'
Sao Tome and Principe
Saudi Arabia

Senegal'
Seychelles'
Sierra Leone'
Singapore'
Solomon Islands
Somalia
South Africa**
Spain'
Sri Lanka
Sudan
Suriname
Swaziland
Sweden'
Switzerland
Syrian Arab Republic
Thailand'
Togo
Trinidad and Tobago'
Tunisia'
Turkey
Uganda'
Ukraine'
United Arab Emirates
United Kingdom of Great
Britain and Northern Ireland'
United Republic of Tanzania'
United States of America
Uruguay'
Vanuatu
Venezuela
Viet Nam
Yugoslavia'
Zaire'
Zambia'
Zimbabwe'

Member States that have acceded to the Convention on the Privileges and Immunities of the Specialized Agencies
Suspended by Resolution 38 (Cg-VII) from exercising its rights and enjoying privileges as a Member of WMO
Note: Non-Member which has acceded to the Convention on the Privileges and Immunities of the Specialized Agencies and declared that it will
apply it to WMO: Tonga

II . Members (Territories) under the terms of Article 3, paragraphs (d) and (e) of the Convention (5)
British Caribbean Territories
French Polynesia
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Hong Kong
Netherlands Antilles

New Caledonia

EXECUTIVE COUNCIL
President:

Zou Jingmeng (China)

First Vice-President:

JW. Zillman (Australia)

Second Vice-President:

S. Alaimo (Argentina)

A. Lebeau (France)

Third Vice-President:

Presidents of Regional Associations
RA I (Africa):
K. Konare (Mali)
RA II (Asia):
I. Hussain AI-Majed (Qatar)

RA III (South America):
J.I. Valencia Franco (acting) (Colombia)

RA V (South-West Pacific):
P. Lo Su Siew (Singapore)

RA IV (North and Central America):
C.E. Berridge (British Caribbean Territories)

RA VI (Europe):
A Grammeltvedt (Norway)

Elected members
M.E. Abdalla (Sudan)
J.A. Adejokun (Nigeria)
AA. Algain (Saudi Arabia)
D.M. Bautista Perez (Spain)
W Castro Wrede (Paraguay)
A. Cissoko (Cote d'ivoire)
AJ. Dania (Netherlands Antilles)
E. Dowdeswell (Canada)
E. Ekoko-Etoumann (Cameroon)

F. Fantauzzo (Italy)
H.M. Fijnaut (Netherlands)
E.w. Friday (USA)
J.T. Houghton (United Kingdom)*
JuA Izrael (USSR'*)
N. Kawas (Honduras)
R.L. Kintanar (Philippines)
S.M. Kulshrestha (India)
, until 30 December 1991
See note on p. 1

J. Marques (Brazil)
B. Mlenga (Malawi)
E.A. Mukolwe (Kenya)
AM. Noorian (Iran, Islamic Republic on
H. Reiser (Germany)
J. Rugirangoga (Rwanda)
R. Tatehira (Japan)
H. Trabelsi (Tunisia)
J. Zielinski (Poland)

H

REGIONAL ASSOCIATIONS
Regional Association I (Africa)
President:

K. Konare (Mali)

Vice-president:

Y. Valadon (Mauritius)

Regional Association II (Asia)
President:
Vice-president:

Regional Association III (South America)
President:
Vice-president:

Regional Association V (South-West Pacific)

J.I. Valencia Franco (acting)

President:

P. Lo Su Siew (Singapore)

(Colombia)

Vice-president:

WM. Longworth (Vanuatu)

Vacant

Regional Association VI (Europe)

I. Hussain AI-Majed (Qatar)

Regional Association IV (North and

President:

A Grammeltvedt (Norway)

P. Sham (Hong Kong)

Central America)

Vice-president:

P. Steinhauser (Austria)

President:

C.E. Berridge (British
Caribbean Territories)

Vice-president:

N. Kawas (Honduras)

TECHNICAL COMMISSIONS
Commission for Aeronautical Meteorology (CAeM)

Commission for Basic Systems (CBS)

President:

C.H. Sprinkle (USA)

President:

AA. Vasiliev (USSR')

Vice-president:

N.D. Gordon (New Zealand)

Vice-president:

T. Mohr (Germany)

Commission for Agricultural Meteorology (CAgM)

Commission for Climatology (CCI)

President:

C.J. Stigter (Netherlands)

President:

WJ. Maunder (New Zealand)

Vice-president:

M.J. Salinger (New Zealand)

Vice-president:

Y. Boodhoo (Mauritius)

Commission for Atmospheric Sciences (CAS)

Commission for Hydrology (CHy)

President:

D.J. Gauntlett (Australia)

President:

O. Starosolszky (Hungary)

Vice-president:

A Divino Moura (Brazil)

Vice-president:

AJ. Hall (Australia)

Commission for Instruments and Methods of
Observation (CIMO)
President:

J. Kruus (Canada)

Vice-president:

A van Gysegem (Belgium)

Commission for Marine Meteorology (CMM)
President:

R.J. Shearman (United
Kingdom)

Vice-president:

Lim Joo Tick (Malaysia)

, See note on p. 1
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STRUCTURE OF THE WORLD METEOROLOGICAL ORGANIZATION

CONGRESS
The supreme body, on which all Members
are represented; meets every four years

TECHNICAL COMMISSIONS

REGIONAL ASSOCIATIONS

Commission for Basic
Systems (CBS)

Regional Association
for Africa (RA I)
Regional Association
for Asia (RA II)

Commission for Instruments
and Methods of Observation
(C IMO)

Regional Association
for South America (RA III)

Comm ission for Hydrology
(CHy)

Regional Association
for North and Central
America (RA IV)

Commission for Atmospheric
Sciences (CAS)

Regional Association
for the South-West
Pacific (RA V)
Regional Association
for Europe (RA VI)

EXECUTIVE COUNCIL
Consists of 36 members,
including the President,
three Vice-Presidents and
the six presidents of the
regional associations,
w ho are ex officio
members; meets annually

Working groups and
rapporteurs of regional
associations

Commission for Agricultural
Meteorology (CAgM)
Commission for Marine
Meteorology (CMM)
Commission for
Cl imatology (CCI)

Regional hydrological
advisers

Advisory working groups,
working groups and
rapporteurs of technical
commissions

Working groups,
committees and panels
of experts of the
Executive Council

Other bodies w hich are
affiliated with WMO,
e.g . Joint Scientific
Comm ittee for WCRP ,
Intergovernm ental Panel
on C li mate Change

SECRETARY-GENERAL
SECRETARIAT
The Secretariat, headed by the
Secretary-General, provides support to the
above constituent bodies and groups
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Commission for Aeronautical
Meteorology (CAeM)

Analysis of assistance under UNDP and TF (1987-1991)

Table I

Total number of
countries which
received UNDP
and/or TF assistance

Number of UNDP and
TF expert missions '

Number of UNDP and
TF fellowships awarded

Value in US $ (millions)
of assistance provided

Year

UNDP

TF

UNDP

TF

UNDP

TF

UNDP

TF

Total

1987

121

34

148

42

67

12

12000

2000

14000

1988

124

35

171

39

143

29

13182

2986

16168

1989

117

59

220

45

106

14

15065

4738

19803

1990

115

35

214

46

105

37

16796

7427

24223

1991

111

36

153

52

145

56

15583

7862

23445

• including 13 UN Volunteers, 7 associate experts and 19 national experts

Table II

Distribution of expert missions in 1991 by field of activity
Programme / Number of expert missions

Field of activity
UNDP
Automatic data processing
Aeronautical meteorology
Agrometeorology
Climatology
Hydrometeorology/hydrology

VCP

TF

RB

Total

28

29

2

2

35

10

6
41

45
7

15

56

Instruments

2

Meteorology

18

13

31

Project managers/co-ordinators

5

3

8

Telecommunications

6

6

Training

7

5

12

Other

3

4

7

Total

153

52

205

2
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Afghanistan (1)
Algeria
Argentina
Australia
Belgium (2)
Benin
Brazil
Burkina Faso (3)
Cameroon (4)
Canada
Cape Verde (5)
Chile (6)
China
Colombia (7)
Costa Rica
Cote d'ivoire
Czechoslovakia
Egypt
Ethiopia
Finland
France
Gambia
Germany
Ghana (8)
Guinea (9)
Hungary
India
Iran, Islamic Republic of
Ireland
Israel
Italy (10)

Table IV

WMO ANNUAL REPORT 1991

Nationality of WMO experts who served in 1991

Table III

Nationality of experts

WMO ANNUAL REPORT 1991

Number of
experts

6
4
1
3
4
1
6
2
5
5

5
2
2
3
2
4
13

Nationality of experts

Jordan
Kenya
Madagascar (11)
Malawi (12)
Malaysia
Mali (13)

4
3
2
2
6
2
1

Mauritius
Mexico
Morocco
Myanmar (14)
Nepal
Netherlands (15)
New Zealand
Nigeria (16)

2
1
6
4
5
2
1
2
5
1
1
3

Norway
Pakistan (17)
Peru
Philippines
Poland
Portugal
Senegal (18)

4

Spain
Sudan
Sweden
Switzerland
Togo (19)
Tunisia (20)

4

United Kingdom of Great
Britain and Northern Ireland
United Republic of Tanzania (21)
United States of America

1
2
2

Number of
experts

Nationality of experts

Venezuela (<!<!)
Yugoslavia
Zambia (23)

5
4
4

6
5
1
2

Zimbabwe
Total (from 65 countries)

(1)
(2)
(3)
(4)
(5)
(6)
(7)
(8)
(9)
(10)
(11)
(12)
(13)
(14)

4
1
4

Number of
experts

(15)
(16)
(17)
(18)
(19)
(20)
(2 1)
(22)
(23)

184

one UN Volunteer
two associate experts
one UN Volunteer
one national expert
one national expert
two national experts
two national experts
two UN Volunteers
one national expert, one UN Volunteer
one associate expert
two UN Volunteers
one national expert
two national experts
two UN Volunteers
three associate experts
one national expert, one UN Volunteer
one UN Volunteer
one national expert
one UN Volunteer
one associate expert
one UN Volunteer
six national experts
one national expert

Distribution of fellowships in 1991 by field of study
Programme

Number of fellows

Field of study

Automatic data processing
Agrometeorology
Climatology
Computer SCience/techniques
Hydrometeorology/hydrology
Instruments/electronics
Meteorology
Telecommunications
Other
Total

60

UNDP

VCP

27
66
26
8
47
24
90
7

3
12
14
5
26
29
75
3

296

167

TF

14
1
7
7
13
42
2
2
89

RB

Total

2
13
6

33
105
47
20
87
66
249
12
4

7
42

71

623

Nationality of WMO fellows under training in 1991

Table V

Programme
Nationality

UNDP

VCP

Number of fellows
TF

RB

Programme / Number of fellows

Total

Total (Reg ion I)

UNDP

VCP

TF

RB

Total

Region II

Region I
Algeria
Angola
Benin
Botswana
Burkina Faso
Burundi
Cameroon
Cape Verde
Central African Republic
Chad
Comoros
Congo
Cote d'ivoire
Djibouti
Egypt
Ethiopia
Gambia
Ghana
Guinea
Guinea-Bissau
Kenya
Lesotho
Liberia
Libyan Arab Jamahiriya
Madagascar
Malawi
Mali
Mauritius
Morocco
Mozambique
Niger
Nigeria
Rwanda
Sao Tome & Principe
Senegal
Seychelles
Sierra Leone
Sudan
Swaziland
Togo
Tunisia
Uganda
United Republic
of Tanzania
Zaire
Zambia
Zimbabwe

Nationality

4
1
9

2
4
1
5

3
9
9

3
4
6

7
3

3

2
2

7

13
2

4

18
3
7
2

6

14

12
6

11

3

1

6
6
2
3

2
8
4

4

3
4

8
19

2

3

3

4
8
10
5
2
5

4

1

8

1
3

2
4

7
4
172

80

Total (Region II)

31

13

150

Argentina
Bolivia
Brazil
Chile
Colombia
Ecuador
Paraguay
Peru
Suriname
Venezuela

2

8
1
5

2
5

4
2
67
25

2

1

2

2
2
1
5

Region III

12

2

8

8

2
10
9
3
5
10
14
16
7

3
3

1
4
3

Afghanistan
Bangladesh
6
China
Democratic People's
Republic of Korea
Iran, Islamic Republic of 12
Lao People's
Democratic Republic
Mongolia
Myanmar
Nepal
Oman
3
Pakistan
5
Republic of Korea
Sri Lanka
Thailand
Viet Nam
64
Yemen, Republic of
14
105

8
6
2

2
3

3
13

1
6

1
6

3
7

18
4

2

8
12
4

7
7
9
6
15
10
1
3
5
18
6
2
7
1

2

2
3

9
2
68

36

14
4
21
6
356

Total (Region III)

4
3
2
14

3

1
3

2
2
3

26

13

4
3
2
3
14
3
3
6
2
2
42

Region IV
Belize
Cost\! Rica
Cuba
EI Salvador
Grenada
Guatemala
Honduras
Nicaragua
Panama
Saint Lucia
Trinidad and Tobago
Total (Region IV)

4
2
2
2
1
3
6
6
2
2
3

10

18

5

4
2
2
2
1
2
5
7
7
2
2
36
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WMO technical assistance
(Total delivery US $32.45 million in 1991)
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Table V (cont.)

Programme / Number of fellows
Nationality

UNDP

VCP

TF

RB

Total

Region V

.RA-I (SO)
ORA-II (22)

Malaysia
Papua New Guinea
Philippines
Solomon Islands

4
3

Total (Region V)

7

6
3

2

10

2

5
4
8
3

ORA-III (12)
.RA-IV (22)
•

RA-V (9)

D

RA-VI (1S)

Breakdown by number of countries in each Region receiving
assistance (total 130 countries)

1,1

20

Region VI
Albania
Czechoslovakia
Jordan
Malta
Poland
Portugal
Romania
Syrian Arab Republic
Yugoslavia
Total (Region VI)

3

3
3

3
1
2

2
4
2
1
2

3

6

10

296

167

3

19

71

623

.UNDP
ORB
.VCP(ES)
VCP(F)
OTF

Breakdown by source of funds

•

Experts

•

Equipment

•

Seminars

o
o

Fellows

Misc.

Breakdown by type of assistance

62

GRAND TOTAL
(all Regions)

89

Host countries which trained WMO fellows in 1991

TableV1

Programme I Number of fellows
Host country
Algeria
Argentina
Australia
Barbados
Belgium
Brazil
Canada
Chile
Colombia
Costa Rica
Cote d'ivoire
Denmark
Egypt
Finland
France
Germany
Hungary
India
Israel
Italy
Jordan
Kenya
Netherlands
New Zealand
Niger
Pakistan
Philippines
Portugal
Senegal
Spain
Switzerland

UNDP

vCP

TF

RB
11
4

11
2

3

2
4

3

10
4

2

4
2

3

31

5

17

5
2
1
8
2

10
2
3
45
3
4
43

2

4
4
1
1
3

17
2

4

4
3
5

5
3

11

1
4
2
1
4

9

4

2

6
3

Programme I Number of fello ws
Host country

Total
22
4
5
3
17
8
4
2
5
22
2
45
3
30
3
3
21
8
5
1
62
3
4
57
1
11
7
1
2
5

Syrian Arab Republic
Thailand
Tunisia
Union of Soviet
Socialist Republics'
United Kingdom of
Great Britain and
Northern Ireland
United States of
America
Venezuela
Viet Nam
Zimbabwe
Total: 40 host
countries

UNDP

VCP

TF

RB

44
2

Total
44
2

54

54

18

42

12

6

78

15

32

4

3

54
1
2
20

167

89

71

623

2
20

296

NOTE: Some students studied in more than one country and some
studied under more than one programme.

• See note on p. 1

Left: Technical Co-operation between
Developing Countries (TCDC) is increasingly becoming an important mechanism
for technical co-operation activities in
WMO. The picture shows the Analysing,
Forecasting and Data-processing
Operational System (AFDOS) donated by
China to the Maldives (WMO/Lincoln)
Right: Technical co-operation activities rely
on support from governments. H. E. Mr A.
Hynninen, Ambassador of Finland (left) and
Professor G. 0. P. Obasi (centre), signing
the Agreement relating to Phase II of the
project to strengthen the Sudan Meteorological Department. Also present is HE Mr
Omar Alim, Ambassador of Sudan (right)
(WMO/Bianco)
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A.

MANDATORY PUBLICATIONS

A. 1

Basic documents

Volume C - Transmissions (November 1990 and May
1991 editions; January, March, July and September 1991
supplements)
Volume D - Information for shipping (December 1990
and February, April, June, August and October 1991
supplements)

WMO-No.

49

60

306

386

544

A. 2
2

64

Technical Regulations
Volume 1 - General meteorological standards and recommended practices (Basic documents No.2): English (reprint)
Agreements and working arrangements
(Basic documents No.3)
Supplement No.1 : English-French-Russian-Spanish
Manual on Codes
Volume I - International codes (1988 edition):
Supplement NO.2: English
Supplement NO.3: English
Volume II - Regional codes and national coding
practices (1987 edition):
Supplement NO.4: English- French-Spanish
Supplement NO.5: English
Manual on the Global Telecommunication System
Volume I - Global aspects (1986 edition).
Amendment 2: English-French-Spanish
Amendment G: English-French-Russian-Spanish
Volume II - Regional aspects
(1991 edition): English-French-Spanish
Amendment G: English-French-Russian-Spanish
Manual on the Global Observing System
Volume 1- Global aspects (1981 edition):
Supplement No.7: English

47

A. 3

Official records

508

Resolutions of Congress and the Executive Council
Supplement NO.4: English

728

Regional Association III (South America) - Abridged final
report of the tenth session : English (reprint)

736

Regional Association VI (Europe) - Abridged final report of
the tenth session: French-Russian

739

Forty-second session of the Executive Council (1990) Abridged report with resolutions:
English-French-Russian-Spanish

743

Commission for Atmospheric Sciences - Abridged final
report of the tenth session: English-French-Russian-Spanish

751

Commission for Basic Systems - Abridged final report of
the extraordinary session: English-French-Russian-Spanish

752

Commission for Aeronautical Meteorology - Abridged final
report of the ninth session: English-French-Russian- Spanish

755

Regional Association I (Africa) - Abridged final report
of the tenth session: English-French

756

Eleventh World Meteorological Congress - Abridged
report with resolutions: English- French- Russian-Spanish

758

Forty-third session of the Executive Council (1991) Abridged report with resolutions:
English-French- Russian-Spanish

A.4

Guides

Operational publications

Meteorological Services of the world
(bilingual English/French)
Supplements: October 1990 and October 1991

5

Composition of the WMO (bilingual English/French)
1991 editions in January, April, July and October

9

Weather reporting (bilingual English/French)
Volume A - Observing stations (November 1990 and
May 1991 editions)

International list of selected, supplementary and auxiliary
ships (bilingual English/French):
October 1990 and October 1991 editions

8

Guide to meteorological instruments and methods
of observation (fifth edition): English (reprint)-Russian

731

Guide to meteorological observation and information
systems at aerodromes (1990 edition): French

732

Guide to practices for meteorological offices serving
aviation (1990 edition): French

A. 5

Annual reports of WMO

734

Annual report of the World Meteorological
Organization, 1989: Russian-Spanish

746

Annual report of the World Meteorological
Organization, 1990: English- French-Russian-Spanish

A.6

B.5

Training publications

266

Compendium of lecture notes for Class IV
meteorological personnel
Volume II - Meteorology: Spanish

701

Mesometeorology and short-range forecasting lecture
notes and students' workbook for training Class I and
Class II meteorological personnel:
English

C.

OTHER PROGRAMME-SUPPORTING
PUBLICATIONS

C.1

Catalogues

WMOBul/etin

Volume 39, NO.3:
Volume 39, NO.4:
Volume 40, NO. 1:
Volume 40, No.2:
Volume 40, NO.3:
Volume 40, NO.4:

Russian
French-Russian-Spanish
English-French-Russian- Spanish
English-French-Spanish
English- French
English-French

Publications of the World Meteorological Organization 1990
Quadrilingual: English-French- Russian-Spanish
Supplement (1991): English
C.2

Lectures presented at sessions of the Executive Council

738

Meteorological and hydrological risk assessment
and disaster reduction (EC-XLI scientific lectures):
Presented in original language, i.e. English and Russian

C.3

Booklets

735

The atmosphere of the living planet Earth (World
Meteorological Day 1991): French-Spanish

745

The role of the World Meteorological Organization in the
International Decade for Natural Disaster Reduction :
French-Spanish

B.

PROGRAMME-SUPPORTING
PUBLICATIONS - REGULAR SERIES

B.1

World Weather Watch Reports

524

RA IV (North and Central America) hurricane operational
plan
Supplement No.3: English-Spanish

B.2

Technical Notes

415

On the statistical analysis of series of observations
(TN No. 143): English

748

Agrometeorological aspects of operational crop protection
(TN No. 192): Spanish

Climate change - World leaders' viewpoints:
English- French-Spanish

760

WMO and UNCED- 1992. Protecting the atmosphere,
oceans and water resources: Sustainable use of
natural resources: English- French-Russian-Spanish

D.

Joint inter-agency publications

687

B.3

Marine Science Affairs Reports

750

Guide to moored buoys and other ocean data acquisition
systems (1990 edition): English (+ reprint)

8.4

Operational Hydrology Reports

Water Resources Assessment (WMO and UNESCO):
English

740

Availability of hydrological models for water resource
design (OHR No. 34): English

World Ocean Circulation Experiment (WMO, ICSU,
SCOR and IOC): English
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Administrative Committee on Co-ordination
African Centre of Meteorological Applications for Development
Agrometeorology and operational hydrology and their applications
African Ministerial Conference on Environment
Automatic picture transmiss:on
Atmospheric Environment and Research Programme
Automated Shipboard Aerological Programme
Aircraft-to-satellite data relay
Association of South-East Asian Nations
Background Air Pollution Monitoring Network
Basic Hydrological Network Assessment Project
Binary universal form for the representation of meteorological data
Commission for Aeronautical Meteorology
Commission for Agricultural Meteorology
Climate Applications Referral Service
Commission for Atmospheric Sciences
Commission for Basic Systems
Commission for Climatology
Economic Community of the Great Lakes Countries
Congress (Cg-XI - Eleventh World Meteorological Congress)
Co-ordination of geostationary meteorological satellites
Commission for Hydrology
Permanent Inter-State Committee on Drought Control in the Sahel
Commission for Instruments and Methods of Observation
Climate computing
Commission for Marine Meteorology
Composite Observing System for the North Atlantic
Data Rescue
Data-collection platform
Distributed Data Base
Drought Monitoring Centre
Executive Council (EC-XLlII - forty-third session of the Executive Council)
Economic Commission for Africa
Economic Commission for Europe
European Centre for Medium-range Weather Forecasts
UN Economic and Social Council
European Economic Community
Co-operative Programme for the Monitoring and Evaluation of the Longrange Transmission of Air Pollutants in Europe
ENSO
EI Nino-Southern Oscillation
Regional Study of the EI Nino Phenomenon
ERFEN
ESA
European Space Agency
Economic and Social Commission for Asia and the Pacific
ESCAP
EUMErSAT European Organisation for the Exploitation of Meteorological Satellites
Food and Agriculture Organization of the United Nations
FAO
Finnish International Development Agency
FINNIDA
GAW
Global Atmosphere Watch
Global Climate Observing System
GCOS
GDPS
Global Data-processing System
Global Environment Monitoring System
GEMS
Group of Experts on the Scientific Aspects of Marine Pollution
GESAMP
Global Energy and Water Cycle Experiment
GEWEX
Global Maritime Distress and Safety System
GMDSS
Global Ocean Observing System
GOOS
Global Ozone Observing System
G030S
Global Observing System
GOS
Processed data in the form of grid-point values expressed in binary form
GRIB
Global Telecommunication System
GTS
HNRC
HOMS National Reference Centre
Hydrological Operational Multipurpose System
HOMS
HRPT
High-resolution picture transmission
Intercomparison of Operational Hydrological Network Design Techniques
HYNEr
International Atomic Energy Agency
IAEA
International Association of Hydrological Sciences
IAHS
ICAO
International Civil Aviation Organization
International Centre for Agricultural Research in Dry Areas
ICARDA
International Crop Research Institute for the Semi-arid Tropics
ICRISAT
ICS
International Centre for Science
ACC
ACMAD
AGRHYMEr
AMCEN
APT
AREP
ASAP
ASDAR
ASEAN
BAPMoN
BNAP
BUFR
CAeM
CAgM
CARS
CAS
CBS
CCI
CEPGL
Cg
CGMS
CHy
CILSS
CIMO
CLiCOM
CMM
COSNA
DARE
DCP
DDB
DMC
EC
ECA
ECE
ECMWF
ECOSOC
EEC
EMEP
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ICSU
ICTP
ICWE
IDCS
IDNDR
IGADD
IGBP
IGOSS
IH
IHP
IMO
INFOCLIMA
INMARSAT
INSTAT
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International Council of Scientific Unions
International Centre for Theoretical Physics
International Conference on Water and the Environment
International Data Collection System
International Decade for Natural Disaster Reduction
Intergovernmental Authority against Drought and Desertification
International Geosphere-Biosphere Programme (ICSU)
Integrated Global Ocean Services System
Institute of Hydrology (UK)
International Hydrology Programme (UNESCO)
International Maritime Organization
World Climate Data Information Referral Service
International Maritime Satellite Organization
Statistics package for microcomputers
10C
Intergovernmental Oceanographic Commission (UNESCO)
lODE
International Oceanographic Data and Information Exchange (IOC)
INC
Intergovernmental Negotiating Committee for a Framework Convention on
Climate Change
IPCC
Intergovernmental Panel on Climate Change (WMOIUNEP)
ISG-WR
Intersecretariat Group for Water Resources (ACC)
Joint Scientific Committee
JSC
MOD
Meteorological data distribution
NASA
National Aeronautics and Space Administration
National Space Development Agency of Japan
NASDA
NATO
North Atlantic Treaty Organisation
NGO
Non-governmental organization
National Meteorological Centre
NMC
NOM
National Oceanic and Atmospheric Administration (USA)
NWP
Numerical weather prediction
Overseas Development Administration (UK)
ODA
OHP
Operational Hydrology Programme (WMO)
OWSE
Operational WWW Systems Evaluation
PRIMSCEN Project for the Rehabilitation and Improvement of the Meteorological and Hydrological Services of the Central American Isthmus
RB
Regular budget
RMTC
Regional Meteorological Training Centre
RSMC
Regional Specialized Meteorological Centre
SADCC
Southern Africa Development Co-ordination Conference
SATCC
Southern Africa Transport and Communication Commission
SCOR
Scientific Committee on Oceanic Research (ICSU)
SPECTRUM Special Experiment Concerning Typhoon Recurvature and Unusual
Movement
SWCC
Second World Climate Conference
TCP
Tropical Cyclone Programme
TF
Trust funds
TOGA
Tropical Ocean/Global Atmosphere Programme
TOMS
Total ozone mapping spectrometer
TRUCE
Tropical Urban Climate Experiment
UN
United Nations
United Nations Conference on Environment and Development (Brazil, 1992)
UNCED
UNDP
United Nations Development Programme
United Nations Environment Programme
UNEP
UNESCO
United Nations Educational, Scientific and Cultural Organization
United Nations General Assembly
UNGA
VCP
Voluntary Co-operation Programme
VOS
Voluntary Observing Ship
WAFS
World Area Forecast System
WCASP
World Climate Applications and Services Programme
WCDMP
World Climate Data and Monitoring Programme
WCIRP
World Climate Impact Assessment and Response Strategies Programme
WCP
World Climate Programme
WCRP
World Climate Research Programme
WHO
World Health Organization
WMC
World Meteorological Centre
WMO
World Meteorological Organization
WOCE
World Ocean Circulation Experiment
WWW
World Weather Watch
XBT
Expendable bathythermograph

The major scientific and technical Programmes of WMO

WMO carries out its work through seven major scientific and technical Programmes which have strong components
in each Region.
The World Weather Watch Programme is the backbone ofthe overall programme ofWMO. It combines dataprocessing centres, observing systems and telecommunication facilities - operated by Members - to make
available meteorological and related geophysical information that is needed in order to provide efficient meteorological and hydrological services within the countlies. It also includes a Tropical Cyclone Programme, in which more
than 50 countries are involved, and an Instruments and Methods of Observation Programme to promote standardization and development of meteorological and related observations.
The World Climate Programme promotes the improvement of the understanding of climate processes through
internationally co-ordinated research and the monitoring of climate variations or changes. It also promotes the application of climate information and services to assist in economic and social planning and development. The Research
component of the Programme is the joint responsibility ofWMO and the International Council of Scientific Unions
with the active participation of the Intergovernmental Oceanographic Commission (lOC) of UNESCO, whereas the
Climate Impact Assessment and Reponse Strategies component is co-ordinated by the United Nations Environment
P rogramme.
The WMO Atmospheric Research and Environment Programme promotes atmospheric research, with
particular emphasis on weather-prediction research. It includes a Tropical Meteorology Research Programme
relating to studies of monsoons, tropical cyclones, rain-producing tropical weather systems and droughts; the
Global Atmosphere Watch, which integrates monitoring and research activities carried out under the Global
Ozone Observing System and the Background Air Pollution Monitoring Network and serves as a system to
detect changes in the composition of the atmosphere; and a programme on physics and chemistry of clouds and
weather modification.
The WMO Applications of Meteorology Programme comprises four vital areas of application of meteorological
services and information: public weather services, agricultural meteorology, aeronautical meteorology and marine
meteorology, and promotes the development of infrastructures and services which are required in those areas for the
benefit of Member countries.
The WMO Hydrology and Water Resources Programme is concerned with th e assessment ofthe quantity and
quality of water resources in order to meet the needs of society, to permit mitigation of water-related h azards, and
to maintain or enhance the condition ofthe global environment. It includes standardization of all aspects of hydrological observations and the organized transfer of hydrological techniques and methods. The Programme is closely
co-ordinated with UNESCO's International Hydrological Programme.
The WMO Education and Training Programme holds the key to future development by promoting all efforts
in Member countries to ensure that the necessary body of trained meteorologists, hydrologists, engineers and technicians is available. It is closely interrelated with all other major scientific and technical Programmes.
The WMO Technical Co-operation Programme comprises the mainstream of organized transfer of meteorological and hydrological knowledge and proven methodology among the Members of the Organization. Particular
emphasis is laid upon the development of a wide range of services (related to weather prediction, climatology and
hydrology); on the development and operation of key World Weather Watch infrastructures; and on supporting the
Education and Training Programme of WMO. The Programme is funded mainly by UNDP, by WMO's own
Voluntary Co-operation Programme, trust funds and the WMO regular budget.

