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FOREWORD
This WMO Long-term Plan is. the third in the series of plans
adopted by the World Meteorological Congress since 1983.
Each plan covers a period of ten years and is updated and
replaced every four years.

The Third Long-term Plan (1992-2001) is the result of a
collective effort of Members and of all components of
WMO, including the Executive Council and all regional
associations, technical commissions and departments of the
WMO Secretariat. In particular, the Plan responds to new
issues related to the global environment and sustainable
development, climate change and natural disaster reduction.
It also takes into account advances in science and technology that have potential as regards the promotion of
WMO's scientific and technical programmes.
The Second World Climate Conference in 1990 called
world-wide attention to the climate issue and formulated
proposals for international action on climate and climate
change. The subsequent inclusion in the future activities of

period 1992-'200 I. It is intended both for the meteorological and hydrological community and for a broader
readership, including governments. The seven companion
volumes of Part I! of the Plan, which are published

separately, provide details of the scientific and technical
programmes of the Organization for the same ten-year
period. These volumes will be used mainly by those
involved professionally in WMO activities.
Eleventh Congress adopted the Third Long-term Plan in
accordance with the provision of Article 8 of the WMO
Convention. It approved the general policies for the fulfilment of the purposes of the Organization, recommended to
Members the ways in which they can contribute to the implementation of the plans and referred to the relevant bodies of
the Organization those matters falling within their individual
terms of reference. The major strength of the Plan is that it
reflects a consensus of all the organs of the Organization, a
course along which Members are prepared to move together.

WMO of these proposals together with those of the UN's
International Decade for Natural Disaster Reduction, as well
as the need to protect the global atmosphere and freshwater
supplies for mankind, places new demands on WMO for

The success of the WMO Programmes will depend on the
abilities of national Meteorological and Hydrological
Services to participate in and benefit from them. WMO,
through its strategic approach to technical co-operation,

scientific information, guidance and advice.

promotes the transfer of knowledge, technology and proven

Although a major new focus in the Third WMO Long-term
Plan is climate change and the global environment, WMO's
traditional role of supporting operational weather and hydro-

developing countries, with the aim of increasing the abilities
of these countries to benefit from and contribute to the
programmes of the Organization. Moreover, WMO's
technical co-operation activities are aimed at bridging the

methodology to national Services, especially in the

logical services does not lose its importance and central

priority. The continuous and global monitoring of weather,
through the World Weather Watch, remains the core activity
of WMO that supports the provision of many meteorological
and hydrological services, including severe weather
warnings for the protection of life and property and the
mitigation of the effects of natural disasters; analyses to help
supply food, fibre, water and energy; and the safe and
efficient operation of transport systems and the provision of
routine weather forecasts in support of basic social and
economic activities. The maintenance and strengthening of
the World Weather Watch is essential to an effective WMO
response to the many new demands for surveillance, understanding and protection of the global environment.

Part I of the Plan provides an overview of the future needs
and opportunities for the development of national
Meteorological and Hydrological Services and summarizes
the overall strategy and major programme objectives for the

gap between the services provided in the developing
countries and those in the more developed regions, i.e.
ensuring that the Services in the developing countries are

strengthened sufficiently to be able to provide in a satisfactory manner the minimum services required of them
in support of the social and economic sectors of their
respective countries.

Looking ahead to the ten-year period covered by the Third
Long-term Plan, I feel encouraged and optimistic. Today
the United Nations fanaily is again being seen as a useful
system contributing to the solution of many global problems
and also as a vehicle for supporting development. I believe
that the Third Long-term Plan lays down a positive set of
objectives that can be achieved by the World Meteorological
Organization through the next decade, thus leading to more
advanced Meteorological and Hydrological Services all over
the world with long-lasting benefits to all nations.

(G. 0. P. Obasi)
Secretary-General
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Weather and climate are the central concern of the World
Meteorological Organization (WMO), the United Nations
specialized agency through which the national Meteorological
and Hydrological Services of the world plan and co-ordinate
the provision of weather, climate and related environmental
services on a global basis. The Third WMO Long-term Plan
sets out the policies, strategies and long-term objectives of the
Organization for the period 1992-2001.

PURPOSE OF WMO
The purpose of the World Meteorological Organization is to
co-ordinate and facilitate world-wide co-operation in the
making and exchange of meteorological, hydrological and
related geophysical observations. WMO also encourages

GENERAL POLICIES
The formal statement of purpose and the procedures laid
down in the Basic Documents of WMO are complemented
by the following general policies that contribute to the spirit
of cohesion and dedication necessary to achieve the
common objectives of all Members of the Organization.
WMO gives high priority to the activities and arrangements
that will:

•

as the instrument for international co-operation in

meteorology and operational hydrology;

•

data analysis, interpretation and understanding, permitting

predictions, and the application of the information gained
for the benefit and protection of human activities and the
natural environment.

•

To provide an efficient mechanism for effective international co-operation in meteorology and operational

and operational hydrology;

•

Explore and develop all available mechanisms for
encouraging and facilitating the transfer of knowledge
and proven methodology between Members;

•

Pay particular attention to the identification of
probable future needs for long-period meteorological
and hydrological records on a world-wide and on a
regional basis, both for purposes within its own areas
of responsibility and to meet the future needs of other

hydrology and related disciplines;
•

To ensure maximum potential benefit for all nations

from sound application of meteorological and related
environmental data, knowledge and services;
•

•

o

To bridge the technological gap between the national
Meteorological and Hydrological Services of the
developed and developing countries;
To anticipate the needs of future generations for
long-term historical records of meteorological, hydrological and related information and to ensure the
availability of such information;

•

Maintain the principle of free and unrestricted
exchange of meteorological data and agreed information between national Meteorological Services;

•

Place high priority on upgrading the effectiveness of
the technical commissions in the overall co-ordinated

planning and management of the scientific and technical programmes of the Organization;

•

Assign an increasingly active role to regional associa-

tions in the planning and implementation of the

the application of atmospheric sciences in cases of

of responsibility;

To provide an informed, authoritative and effective

scientific and technical programmes within their areas

•

Enhance the interaction between WMO activities and

scientific voice for meteorology and operational

the regional activities of other international organizations having relevance to the meteorological,

hydrology and related disciplines within the United

hydrological and related fields;

Nations system;

•

agencies;

To respond authoritatively to the increasing demand
of the world community for expert advice based on
threat to the global environment;

•

Actively assist Members to achieve fully the benefits
available from the operation of modem well-equipped
national Meteorological and Hydrological Services
and from international co-operation in meteorology

OVERALL OBJECTIVES
In fulfilling its purpose the WMO continually strives:

Enhance the efficiency and effectiveness of WMO

To contribute, through its involvement with global
issues which transcend national boundaries and affect
all peoples, to the strengthening of international ties
and co-operation between nations.

•

Enhance contributions to monitoring, research and

assessments related to the global environment through
the work of the technical commissions and active
participation in the World Climate Programme and the
Intergovernmental Panel on Climate Change.
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ROLE OF NATIONAL METEOROLOGICAL AND
HYDROLOGICAL SERVICES
The primary role of all national Meteorological and
Hydrological Services is to serve the interests of all citizens,
now and in the future, through the establishment and operation of the national meteorological and hydrological
infrastructures and the provision of information, forecasts,
warnings and advisory services to the national community.
In particular, these Services serve their national corn·
munities through advancing understanding and providing
information and services in support of:

•

Security of life;

•

Reduction of the impacts of natural disasters;

•

Provision of adequate food and water for the world's
population;

•
•

Environmentally sustainable development;

•

Response to the impacts of climate variability and
change;
Restoration and preservation of quality of the environment;

•
•

Public welfare and quality of life;
Regular and economical conduct of trade and
commerce.

(In some countries the functions of national Meteorological
Services and national Hydrological Services are carried out

by separate organizations whilst in others the functions are
the responsibility of one organization.)
MAJOR OBJECTIVES 1992--2001
World Weather Watch: To consolidate and strengthen the
World Weather Watch as the fundamental international
system for free and unrestricted exchange of the basic meteorological and related geophysical and environmental data
and products needed to support applications and services at
the national, regional and global levels.
Climate change: To ensure that WMO effectively fulfils its
role as the leading international agency responsible for
climate monitoring, research and applications, and provides
an authoritative international scientific voice on matters
related to climate change.
Environmental quality: To contribute, through scientific
monitoring and research, to understanding, arresting and
reversing the degradation of the stratospheric ozone layer
and the marine and hydrological environment and, using
WMO capabilities, to provide information and warnings of
impending disasters.
Natural disaster reduction: To contribute, within the framework of the International Decade for Natural Disaster
Reduction (IDNDR) and through the implementation of
detection, prediction and warning systems, to safety of life
and to reduction of the social and economic impact of
natural disasters.

Transportation safety: To enhance the safety of the increasingly mobile global population through improved
meteorological and related services in support of air, sea and
land transportation systems.
Food, fibre and water: To contribute, through effective
application of meteorological and hydrological data and
services at national and international levels, to the accurate
assessment of water resources, to increased production of
food and fibre, and to the efficient use and distribution of
food, fibre and water for the increasing world population.
Energy use: To contribute, through effective application of
meteorological and hydrological data and services, to the
efficient use of energy resources and to the planning, development and use of new energy sources, especially those that
would help reduce the rate of increase of greenhouse gases
in the atmosphere.
Bridging the gap: To support the accelerated development
of national Meteorological and Hydrological Services of
developing countries through a co-ordinated strategic
approach to technical co-operation and development.
Community benefit: To ensure that, in all countries, the
general community better understands the value of, and is
better assisted to benefit from, the basic public information,
forecast and warning services provided by national
Meteorological and Hydrological Services.
Sustainable development: To contribute, through the meteorological, hydrological and oceanographic monitoring, research
and prediction facilities and programmes of national Services,
to enviromnentally sustainable development for all countries.
STRATEGY 1992--2001
The strategy is set within the concepts that water is essential
to, and weather and climate are pervasive influences on,
nearly all life forms, and that monitoring, understanding and
forecasting weather and climate, and many atmospheric
phenomena and hydrological processes and events, must be
viewed within a total Earth system context.
The aim of the WMO strategy for the decade is to ensure
that national Meteorological and Hydrological Services of
all countries will:
•

More effectively serve their national communities;

•

Make a major contribution towards protection of the
global climate and the overall environment, for
present and future generations of mankind.

The strategy is to carry out integrated programmes and
activities that build on the strengths of the existing unique
international framework through which all Members of
WMO work together to obtain and exchange freely, in real
time, a range of information on the state of the atmosphere,
oceans, rivers and land surfaces, and that:
•

Draw together the global meteorological and hydrological community to share knowledge, expertise and
facilities, and to derive mutual benefits and foster
development;
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•

Lead to better monitoring, understanding, prediction
and protection of the global environment; aud

countries, in providing adequate levels of meteorological
and hydrological services for national development.

•

Result in the better provision of national, regional or
global meteorological and hydrological services.

Each of the seven major WMO Programmes has several
components.

In implementing the strategy, priority will be given to activities that enable national Meteorological and Hydrological
Services to:

Particular emphasis will be given to components of
Programmes that:

•

•

Assemble and maintain essential basic climate and
other atmospheric monitoring records for their countries;
Provide services to protect life and property and
enhauce the social and economic well-being of their

communities; and

•

•

Accelerate the implementation of the operational
World Weather Watch;

•

Monitor aud evaluate climate chauge;

•

Assist in the implementation of the Global
Atmosphere Watch;

•

Support the environmental emergency response
system;

•

Contribute to the International Decade for Natural
Disaster Reduction;

•

Bridge the gap between well- and less-developed
national Meteorological aud Hydrological Services;

•

Improve public weather services for the safety and
benefit of the community;

•

Increase world-wide awareness of the benefits to be
obtained from effective use of meteorological and
hydrological information.

Develop their maupower resources aud technology.

PROGRAMMES FOR 1992--2001
WMO Prograunnes are co-operative and based on the reality
that world-wide weather and climate patterns are all interdependent, and thus that no one nation can, on its own, be
entirely self-sufficient in providing all meteorological, hydrological and related environmental services. The Programmes
provide for a sharing of meteorological, hydrological and
related data and information, knowledge, skills aud methodology, and technical assistance, and for the free and
umestricted flow of meteorological and related data and products between all Meteorological/Hydrometeorological Services.

IMPLEMENTATION

The World Weather Watch Programme co-ordinates the
world-wide taking of meteorological aud related observations, the collection, processing and exchange of this
information, and the distribution of global, regional and
tropical storm forecasts and other information for use by
national Meteorological Services. Information generated is
a significant input to most other programmes.

Resources to implement the Plau and achieve the main longterm objectives and priorities of the Organization will be
provided through:

The World Climate Programme assists and facilitates the
making, collection, use and interpretation of climatological
observations and co-ordinates research on climate, climate
chauge and climate impacts aud on response strategies.

The Atmospheric Research and Environment Programme
co-ordinates and fosters research on the structure and
composition of the atmosphere, the structure of weatherforming processes, and ·on weather forecasting.
The Applications of Meteorology Programme facilitates and
co-ordinates the application and provision of meteorological
data, forecasts and other information to weather-sensitive
industries and activities.
The Hydrology and Water Resources Programme assists with
the assessment and forecasting of the quantity and quality of
water resources, aud the mitigation of water-related hazards.
The Education and Training Programme assists in the
attainment, by developing countries, of self-sufficiency in
human resources.
The Technical Co-operation Programme provides effective
mechanisms to assist all Members, especially developing

•

Members! own resources to implement their own part
in internationally agreed WMO Programmes;

•

The regular budget of WMO;

•

Technical co-operation;

•

Contributions by Members and donor agencies to cooperative arrangements;

•

Special voluntary funds established to support particular programmes or parts of programmes.

By far the largest part of these resources is committed to the
operation of national observing, communication and dataprocessing systems which comprise the World Weather
Watch together with the many related national meteorological and hydrological programmes and activities which,
although directed primarily at national objectives, are
planned aud implemented within the WMO framework.
The WMO regular budget contribution to the implementation
of the Third Long-term Plan is funded within the zero-realgrowth framework that the Organization has maintained for
more than a decade in response to the difficult economic
circumstances prevailing in most countries. WMO will,
however, continue to review its use of regular budget
resources to ensure that it contributes effectively to vital new
initiatives relating to the environment and development
without impairing the fundamental ongoing operational
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programmes on which all national Meteorological and
Hydrological Services depend. The maximum expenditure
for 1992-1995, the first four years of the period covered by
the Plan, as approved by the Eleventh World Meteorological
Congress, is SFR 236.1 million (of which SFR 122.2 million
is direct support for WMO scientific and technical
programmes). This represents zero real growth over the
approved maximum expediture for the tenth financial period
(1988-1991), with a prospective allowance for inflation of

SFR 27.4 million resulting from the Congress decision to
introduce full budgeting into WMO.
The extra-budgetary resources that are expected to be available to support specific components of programmes such as
technical co-operation, education and training, improvement

of parts of the World Weather Watch, and some urgent environmental and climatological monitoring, research and

co-operative work, amount to SFR 166.1 million.

CHAPTER 1

INTRODUCTION
1.
Weather and climate affect everybody. They are
also the central concern of the World Meteorological
Organization, the United Nations specialized agency through
which the national Meteorological and Hydrological Services
of the world plan and co-ordinate the provision of meteorological, hydrological and related environmental services on a
global basis. Throughout the 1960s and 1970s the world
meteorological* community united in a co-ordinated inter-

national effort to improve man's understanding of the global
atmosphere as a basis for improved and longer-range weather
prediction. During the 1980s the focus shifted to problems
of climate and, in particular, to the threat of significant
human-induced global climate change as a result of the
continuing build-up of the so-called greenhouse gases in the
atmosphere. This focus on climate issues will sharpen
through the 1990s and will require a major international
effort through WMO and its Member States to ensure that the
international community responds to the challenge in a
scientifically sound and responsible way. WMO will also be
called on to respond to other environmental issues during the
1990s, such as environmentally sustainable development, the
restoration of quality of the environment and the increasing

pressures on scarce water resources.
2.
The Second World Climate Conference (SWCC) in
1990 called world attention to the climate issue and formulated proposals for international action on climate and
climate change. In particular, it recognized the need for
more effective and more broadly based co-ordination of
global climate monitoring and research. Increased emphasis
on the prediction of climate and its impacts as well as the
need for adequate response strategies will be indispensable
to a global approach for development.
3.
The 1990s will see increasing international commitment to action with the aim of understanding and protecting
all aspects of the geosphere and biosphere. Agreement
during the last four years to implement the Montreal
Protocol to protect the stratospheric ozone layer, and in
many cases voluntarily to exceed its demands, has demonstrated that nations have, and accept, an increasing

responsibility in the protection of the global environment.
4.
The great wave of concern about protection of the
stratospheric ozone layer and the global climate, for present
and future generations of humanity, has been coincident
with major political, social and economic structural changes
in many palls of the world. Some long-standing political
and economic relationships and groupings are changing.

* Meteorology is the science of the atmosphere, dealing in particular with its structure and composition, interactions with the oceans
and land, its movement, weather-forming processes and weather
forecasting, climate, climate variability and climate change.

Greater independence is being accepted in some cases,

whilst in others some national sovereignty is being given up
in the interests of membership of wider communities. The
dominant trend in economic matters is towards less govern-

mental intervention and a more market-led approach to
determine the allocation of resources. At the same time, the

problem of ensuring an appropriate optimum matching of
economic growth with social growth and development that
is sustainable continues to be addressed.

5.
As the focus sharpens on climate and other environmental issues through the 1990s and structural change in
many societies continues, the world population will continue

to increase rapidly and global requirements for food, fibre,
water, shelter and energy will also increase. Again, large
sectors of the world's population are becoming increasingly

mobile and patterns of trade are changing. Thus, growth in
the international transport of passengers and goods continues. These increasing requirements and changing patterns

are in various ways dependent on weather and climate.
6.
These ongoing developments provide a new framework,
which will itself change further during the next decade, within
which the meteorological and hydrological community will
continue to meet ongoing, and respond to new, responsibilities.

7.

The urgent and vital climate and other emerging

environmental issues do not diminish the importance or

priority of the established regular functions of national
Meteorological and Hydrological Services. Rather, they add
a new dimension to their work. The continuous and inter-

nationally co-operative surveillance of global weather
remains the core activity of WMO that supports the provision
of many meteorological services in all countries: severe

weather warnings for the protection of life and property and
the mitigation of effects of natural disasters; the supply of
food, fibre, water and energy; the safe and efficient operation of transport systems; and the provision of daily weather
forecasts. It also provides the essential database for
operational climate monitoring and for a range of other
international environmental monitoring programmes. Its

maintenance and development will be an essential part of the
WMO response to the many new demands for surveillance,
understanding and protection of the global environment.
8.

As regional and international organizations continue to

address the prospects for, and consequences of, global climate
change and other issues, including action during the

International Decade for Natural Disaster Reduction and the
effects of implementation of the Montreal Protocol to the
Convention for the Protection of the Ozone Layer, WMO will
play its full role as the international agency providing the
authoritative voice on weather and climate and related environmental issues, such as sustainable development and
environmental quality and water resources.

2

9.
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This WMO Third Long-term Plan envisages the

10000

continued development and growth of its basic underpinning
global programmes on which the provision of a wide range

of services around the world will continue to be critically
dependent. It includes some changes in emphasis from

.

8000
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earlier plans and a change in the structure of Programmes

addressing global climate change and environmental issues.
The Plan sets out the policies, strategies and long-term
objectives for fhe Organization as it meets fhe challenges of
the next decade.
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CHAPTER2

THE WORLD METEOROLOGICAL
ORGANIZATION
10. The regional and global interdependence of weather
and climate requires the meteorological community to CO·
operate regionally and globally in order to gain better
understanding of weather and climate systems and to provide

and understanding; and the application of the information
gained for the benefit of human activities and protection of
the natural environment.

national meteorological services. In the mid-seventeenth

OVERALL OBJECTIVES

century scientists first worked together internationally to
make weather observations. In 1853, in Brussels, naval officers of the maritime nations agreed that meteorological
observations aboard ships should be made in a uniform
manner over all the oceans of the world. Initiatives like this
and technological advances such as the invention of the
electric telegraph made operational meteorology possible.
In 1873, in Vienna, the First International Meteorological
Congress established the International Meteorological
Organization (!MO). The members of !MO were Directors
of national Meteorological Services. In the seven decades
from then until the end of the Second World War, !MO had a
creditable record of achievement. After the War, !MO transformed itself into the present intergovernmental World
Meteorological Organization, a specialized agency of the
United Nations, whose Members are States and Territories.
The WMO Convention entered into force on 23 March 1950.

PURPOSE
11. The purpose of WMO is to co-ordinate and facilitate
world-wide co-operation in the making and exchange of
meteorological, hydrological and other geophysical observations related to meteorology; their analysis, interpretation

12. In fulfilling its basic purposes as set down in the
Convention, WMO continually strives:

•
•

To provide an efficient mechanism for effective international co-operation in meteorology and operational
hydrology and related disciplines;
To ensure maximum potential benefit for all nations

from sound application of meteorological and related
environmental data, knowledge and services;

•

To bridge the technological gap between the national
Meteorological and Hydrological Services of the
developed and developing countries;

•

To anticipate the needs of future generations for longterm historical records of meteorological, hydrological
and related information and to ensure the availability of
such information;

•

To respond authoritatively to the increasing demand

of the world community for expert advice based on
the application of atmospheric sciences in cases of

threat to the global environment;

•

To provide an informed, authoritative and effective

scientific voice for meteorology and operational
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hydrology and reiated disciplines within the United
Nations system;

•

by national boundaries and that each nation needs the same
wide-ranging set of information in order to provide meteoro-

To contribute, through its involvement with global
issues which transcend national boundaries and affect
all peoples, to the strengthening of international ties
and co-operation between nations.

logical services, The voluntary world-wide sharing of
meteorological information among WMO Members creates

a pool of knowledge that is the common property of all
humanity. The Programmes of WMO permit the provision
of meteorological services in all countries at costs far below

those that would be incurred if each nation acted alone,

THE STRUCTURE OF WMO
13.

In order to carry out its wide-ranging international

responsibilities in the most efficient and effective manner,

WMO is organized into five major elements.

•

The World Meteorological Congress: the supreme
body, The delegates of Members meet, normally
every four years, to determine general policies.
Congress decides, inter alia, on the Organization s
plans, expenditure, and international meteorological
and hydrological codes of practice, elects its officers
and appoints the Secretary-General;
1

•

The Executive Council, composed of 36 directors of
national Meteorological or Hydrological Services, It
meets at least once a year to review the activities of the
Organization, to implement decisions taken by
Members in Congress and to study and make recommendations on any matter affecting international

meteorology and related activities of the Organization;

•

The six regional associations (Africa, Asia, South
America, North and Central America, South-West
Pacific and Europe), composed of Member governments, They co-ordinate meteorological and related
activities within their respective Regions and examine
from the regional point of view all questions referred

to them;

•

The eight technical commissions, consisting of
experts designated by Members. Each commission is
responsible for studying any subject within the
purposes of the Organization and for making recommendations. Technical commissions are established
for basic systems, atmospheric sciences, instruments
and methods of observation, aeronautical meteor-

ology, agricultural meteorology, marine meteorology,
hydrology and climatology;

•

The Secretariat, located at 41 Avenue GiuseppeMotta, Geneva, Switzerland, It is composed of the
Secretary-General and such technical and clerical staff
as are required for the work of the Organization. It
serves as the administrative, documentation and information centre of the Organization; prepares, edits and
arranges for the publication and distribution of the
approved publications of the Organization; and carries
out duties specified in the Convention and other Basic
Documents any other such work as Congress, the
Executive Council and the President decide. The
Secretariat works in close collaboration with the
United Nations and its specialized agencies.

14. The scientific and technical programmes of WMO are
based upon the reality that the atmosphere is not restrained

15, WMO Programmes aim to fulfil both immediate and
longer-term needs, The provision of meteorological and
hydrological information for immediate needs - e.g, for the
protection of life and property; mitigation of the effects of
weather-related disasters; food and fibre production and
processing; water and energy supply and use; land, sea and
air transport; civil engineering and building construction;
recreation and tourism, and many other activities - depends

upon the collection and rapid exchange of hour-to-hour and
day-to-day observations. Information to satisfy long-term
planning needs - e.g. resource use; conservation; environ-

ment protection; the viability of proposed weather-sensitive
commercial enterprises; and consideration of climate vari-

ability and change - all depend on, inter alia, long records
of quality-controlled and systematically obtained meteorological, hydrological and related environmental information.
WMO Programmes specify the type of framework that is
appropriate for the collection, interpretation and distribution
of a wide range of national, regional and global environmental information pertinent to the development of, and
adaptation to, sustainable life styles. They include many, if
not most, of the activities of national Meteorological and

Hydrological Services of WMO Members. During the next
decade they are likely to become critical components of
wider environmental programmes of major importance.

Many will certainly be relevant well beyond the next
decade,
16.

The seven major Programmes of WMO are:

•
•

World Weather Watch Programme;

•

Atmospheric Research and Environment Programme;

•

Applications of Meteorology Programme;

•
•

Hydrology and Water Resources Programme;

•

Technical Co-operation Programme.

World Climate Programme;

Education and Training Programme;

The success of WMO Programmes depends on the ability of
national Meteorological and Hydrological Services to participate in, and benefit from, all these Programmes. The WMO
Education and Training Programme provides much of the
meteorological and hydrological education and training
required by national Services, especially in developing countries, The World Weather Watch- the world-wide system
of observations, telecommunications and data processing- is

the core Programme of WMO that supports the provision of
operational services in all countries. The Programmes devoted to gaining increased understanding of weather and

climate and related environmental issues -the World Climate
Programme, the Atmospheric Research and Environment
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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 (I)
Regional Association
for Asia (11)

Commission for Instruments
and Methods of Observation
(CIMO)

Regional Association
for South America (Ill)

Commission for Hydrology
(CHy)

Regional Association
for North and Central
America (IV)

Commission for Atmospheric
Sciences (CAS)

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

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

Working groups and
rapporteurs of regional
associations

Commission for Aeronautical
Meteorology (CAeM)
Commission for Agricultural
Meteorology (CAgM)
Commission for Marine
Meteorology (CMM)
Commission for
Climatology (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 which are
affiliated with WMO,
e.g. Joint Scientific
Committee for WCRP,
Intergovernmental Panel
on Climate Change

SECRETARY-GENERAL
SECRETARIAT
The Secretariat, headed by the
Secretary-General, provides support to the
above constituent bodies and groups

Figure 2- Organizational structure of WMO
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Programme, the Applications of Meteorology Programme
and the Hydrology and Water Resources Programme -all
depend on each other and in some way on the World Weather
Watch Progrannne. All WMO programmes depend upon, and
are bound together by, technical co-operation. The WMO
Technical Co-operation Programme supports co-operation
between developed and developing countries, and between

an effective mechanism through which Members work
together to identify their common objectives and to develop
co-ordinated plans for their achievement. In particular the
planning system is aimed at ensuring that;
(a)

WMO Programmes are sensitive and responsive to the
needs and aspirations of Members and foster a strong
sense of commitment to the action necessary to imple-

developing countries themselves.

ment agreed plans;

The Programme objectives and the activities planned in
support of those objectives are summarized in Chapter 5.

(b)

Advance consideration is given to the possible
impacts on WMO Programmes of foreseeable scientific and economic developments;

PLANNING

(c)

17. WMO uses an integrated planning and monitoring
system that operates on three different overl~pping time

Necessary co-ordination is maintained between
programmes;

(d)

The Secretary-General's programme and budget
proposals develop in harmony with the wishes and
intentions of Members.

19.

Programme monitoring and evaluation are carried out

scales:
(a)

Long-term plans (for ten years, revised every four
years) which set out the main objectives which the
Organization and its Members seek to attain and the
overall policies, strategies and priorities for achieving
them;

(b)

Medium-term plans (for four years, the beginning
being coincident with that of each revised long-term
plan), corresponding to the financial period of the
Organization, and providing the detailed budget for
the first four years of the long-term plan;

(c)

Short-term plans (for two years) which are in very
specific terms and correspond with the biennial
budget.

In all cases a plan comes into effect at the beginning of the
calendar year following its final approval.
18. The planning system contributes to the smooth and
effective operation of the scientific and technical
programme and activities of the Organization and provides

as an integral part of the WMO planning process with a
view to ensuring that proper attention is given to the extent

to which programme targets and objectives are met and to
the use of this information in developing new and revised
plans. Monitoring and evaluation of Programmes takes
place at several levels in the Organization and Members and
constituent bodies are all significantly involved.

PUBLIC INFORMATION
20. As weather and climate affect everybody, it is
important to keep the public, organizations and governments
informed about the role and activities of national and
international bodies responsible for organizing and
providing weather and climate information and services. An
effective information programme has a key role to play in
enhancing the public image and increasing the effectiveness
of WMO and national Meteorological and Hydrological

WORLD WEATHER WATCH PROGRAMME

WORLD
CLIMATE
PROGRAMME

ATMOSPHERIC
RESEARCH
AND
ENVIRONMENT
PROGRAMME

APPLICATIONS
OF
METEOROLOGY
PROGRAMME

TECHNICAL CO-OPERATION PROGRAMME

Figure 3- WMO Programme structure
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Figure 4- WMO planning system: long-term plans (ten years), medium-term plans (four years) and short-

term plans (two years)
Services, which are necessary for their continuing development. This is particularly important at this time in view
of world-wide concern about climate change and other
environmental issues. ,
21. Public information activities are an important role
of WMO. They are closely interlinked with, and carried

out under, the scientific and technical activities of the
Organization. The success of WMO's plans will depend on
the broad understanding and participation of governments,
scientists in related disciplines, the media and the general
public. This aspect will become even more important
during the 1990s as many of WMO's programmes acquire
increasing public significance.
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22. The safety and welfare of all peoples, the wise and
efficient use of the world's natural and intellectual resources,
and the protection of the natural environment for future
generations all depend upon gaining greater knowledge and
understanding of all Earth sciences and applying this knowledge and understanding for sustainable development.
National Meteorological and Hydrological Services now
face their greatest challenge ever in increasing knowledge
and understanding of the atmosphere and in co-operating to
use this new knowledge for the benefit of all.

THE NEED FOR UNDERSTANDING
23. Demands for information about both historical and
predicted meteorological and hydrological conditions have
nearly always exceeded the ability of Meteorological and
Hydrological Services to meet them. Demands for information and services have provided the driving force to advance
meteorological and hydrological knowledge and to apply it
to meet social and economic needs.
24. Since the atmosphere is global and all parts of it are
always interactive, national demands for many meteorological

and hydrological services cannot be satisfied through the
efforts of nations acting alone. Knowledge of the atmospheric
systems that give day-to-day weather changes has been
gained, and quality meteorological services provided through
intensive national efforts, through unique, co-ordinated inter-

national co-operation in global atmospheric research,
observing and data-processing programmes and through the
unrestricted distribution of all observations and results to all
nations.
25. Lack of knowledge regarding the heat content of the
upper layers of the ocean, its circulation and its exchanges
with the atmosphere are some of the most important factors
in limiting present ability to develop long-range weather
forecasts and forecasts of climate variability and future
climates. But an operational global ocean observing system
similar to the existing operational global weather-observing
system essential for short- and medium-range weather
prediction does not yet exist.
26. Studies of trace gases and particles in the atmosphere
and prospects for climate variability and change have indicated the important role that mankind has inadvertently adopted
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in modifying the previously assumed 'inert' atmosphere.
Therefore, there is a need for a more developed and comprehensive routine global atmospheric composite observing
system and for the exchange of the observations and information derived therefrom. WMO's response to this need is the
creation of the Global Atmosphere Watch, a comprehensive
progranune for the global monitoring of atmospheric pollution
and changes in atmospheric chemical composition, and their

effects on the physical state of the atmosphere.
27.

Knowledge of soil-moisture distribution and soil-

atmosphere moisture exchange assumes increasing importance

as computer models for medium- to longer-term forecasting
become more advanced. Similarly, knowledge of vegetation
change and air-biota coupling mechanisms is required for more

definitive studies of climate and its variability and change.
28. Against a background of the importance of the results
of Earth science studies for the future of humanity, and
intense public interest in weather and climate matters, many
Meteorological and Hydrological Services are being called
upon to provide a wider range of advice in an increasingly
competitive economic environment, in which the need/
desire 'to be first' is a powerful factor in releasing the
results of studies. In this situation particular care is needed
to adhere to proven scientific methods of assessing and verifying results before their publication.
THE INCREASING NEED FOR METEOROLOGICAL
AND HYDROLOGICAL INFORMATION AND
SERVICES
29. The need for humanity to develop and adapt to sustainable life-styles creates a need for Meteorological and
Hydrological Services not only to carry out the traditional and
usually expected important functions of collecting meteorological and hydrological data and making predictions of
short-term future changes, but also to provide a wide range of
other inputs to society. Some of the particular needs for the
next decade seem clear. However, others will be better defined
or will arise during the decade within the framework of global
trends and attitudes that extend well beyond the next decade.
30. The identified needs, set out below, for meteorological, hydrological and related services and information
will be satisfied only through working within appropriate
national, regional and global scientific and institutional
frameworks. Two opposing demands, namely of focusing
effmt on identified needs whilst providing sufficient flexibility in programmes and planning to meet unforeseen ones,
make the requirement to strengthen and further develop
appropriate existing scientific and institutional frameworks a
particularly urgent one. If these frameworks are not secure
the meteorological and hydrological communities will be
inhibited in their efforts to meet the increasing need for
services and information.
Public weather and related services
31. Public weather services are a normal feature of the life
of most communities. The public has come to depend on
reliable public weather services as an important part of both

its work and its leisure-related decision-making processes.
There is also the expectation, in communities, that public
weather services will change and adapt to meet the changing
needs of the community.
32. The highest and most visible immediate impact of
national Meteorological and Hydrological Services will
remain in the provision of public services. Public weather
services will vary from country to country. For example, in
some countries public weather services may include information of particular importance for recreational and
leisure-time activities. Again, in some countries public
weather services may include information of particular interest to a large agricultural-based sector of the community.
33. In all countries, and particularly in those with rapidly
growing populations and increasing industrialization and
urbanization, and those with an increasing proportion of the
population engaged in weather-affected recreational activities, warnings of severe weather and extreme weather events
will be of increasing importance. The greater the population, the greater the physical infrastructure of buildings,
communications and energy-supply systems, the greater the
area of land under cultivation, and the greater the number of
people in situations where they are unprotected, then the
greater the potential human and economic loss should severe
or extreme weather events occur without adequate warning.
34. The declaration by the United Nations of the 1990s as
the International Decade for Natural Disaster Reduction has
provided a focus and catalyst for Meteorological and
Hydrological Services to play a more effective role, not only
in providing timely and useful warnings of potential
weather-related disasters but also in planning and preparedness for natural disaster reduction.
35. With the increasing need for emergency response
action to deal with man-made disasters, such as the accident
at Chernobyl in April 1986 or the Kuwaiti oil fires resulting
from the Gulf conflict in 1991, WMO will have to provide
the authoritative scientific information and advice on the
range and possible consequences of such disasters for global
or regional climate and atmospheric environment.
The environment and sustainable development
36. The recent world-wide increase in concern with natural and man-made climate variability and long-term change,
with regional air pollution, and with the consequences of the
accidental release of hazardous substances, has suddenly
created new demands for scientific information from, and
assessment by, meteorologists and hydrologists. In some
cases, Meteorological and Hydrological Services have
carried out programmes related to some or all of these topics
for varying lengths of time, whilst in others some or all of
them were parts of research programmes executed by other
agencies. In some countries no related programmes have
been caiTied out.
37. The institutional arrangements for addressing issues
concerning the environment and sustainable development
do, and will, vary from country to country. Nevertheless,
the need will increase in all of them for sound, scientifically
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the coastal population, can be attributed to improved forecast and warning dissemination systems, as well as to
education programmes for the public, local governmental officials, and the media concerning hazardous weather
(Adapted from National Weather Service, USA)

based, credible and practical advice on these issues to
governments, planning agencies, developers and individuals.
An essential prerequisite to the provision of much of this
advice is further study and better understanding of variability and change in the chemical composition and physical
structure of the global atmosphere. Meteorological and
Hydrological Services, as agencies responsible for the
collection, archiving and interpretation of atmospheric and
hydrological information, will be required and expected to
play a major role in addressing three main issues: climate
variability and change; regional pollution; and the accidental
release of hazardous substances.
Climate variability and change
38. The assembly, quality assessment and analysis of all
national climatological and hydrological data to determine
past variability in space and time and secular trends is a
prerequisite to both short-term planning for climate-affected
activities and assessing national and regional variations
of long-term change for long-term planning. Many conventional and well-established methods of climate-data
analysis, while still necessary and useful, are inadequate in
themselves for addressing all of the matters important in an
increasingly climate-conscious and information-demanding
society. Neither are they adequate for discussing likely
future climates, over periods of a few or several decades,
when climate change may occur during the same period.
39. Estimation of future intra- and inter-annual variability
of climate, and the frequency of occurrence of high impact
or extreme events, will be important input to planning in the
State and private sectors alike.
40. The wider Earth-science approach to environmental
problems will give rise to demands for climate and hydrological data as inputs to solutions to problems dealt with by
other disciplines. These inputs will frequently require

particularly close co-operation with those working in other
disciplines in order to evolve an assembly, analysis and
interpretation of the data that fulfil the required need in an
economical and effective manner.
41. Many of the needs for information, particularly those
related to the documentation and interpretation of longerterm past climate variability and change, will only be met
through first the integration of direct climate and hydrology
measurements with proxy data, and then the co-operative
interpretation of the total record by those with meteorological, hydrological and other skills,
42. Further study of past climates and their variability is
needed in order to give additional insights into the nature of
climate. The need will increase during the decade for
improved know ledge of the chemical composition and
physical structure of the atmosphere, and for inclusion of
this knowledge in more realistic general circulation numerical models that refine existing predictions of climate change.
43. An equally urgent need will be to refine regional
numerical models and develop models of regional climates
for many parts of the world, in order to enable more specific
advice on possible future regional climates to be given to
governments and to planning agencies.
44. However, urgent as the need for regional numerical
model studies may be, the value of numerical and other studies will be seriously reduced if conflicting advice comes from
a variety of sources. The paramount need is for a globally
accepted scientific authority, or a generally accepted procedure, through which comment may be sought, if desired, on
the meaning or likely possible reconciliation of results of studies, or on the interpretation of apparently conflicting studies.
In any event, there will be need for occasional scientifically
authoritative or consensus statements by widely recognized
scientific groups on regional and global climate change.
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45. In some parts of the world one of the highest impacts of
climate variability is through the increased duration, or
geographical extent, of drought and through increased desertification. The efficiency of all human activity to alleviate the
effects of drought and desertification will depend upon an
effective, rapid and unequivocal assessment of meteorological
and hydrological information and extended-range forecasts.
46. Requirements of the meteorological and hydrological
community as the result of man-made or natural climate
change or variability, including drought and desertification,
will relate not only to scientific study and its results, but also
to its interpretation in terms of impacts on societies and its
meaning for the development of response strategies.

Regional pollution
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Figure 8 -Trends in fossil fuel emission rates (upper curve)
and atmospheric C02 concentrations (lower curve).
Squares refer to COz trapped in Antarctic ice; the
triangles represent actual measurements in clean air
at Mauna Loa, Hawaii (After the /PCC Report,
1990)

47. Growth in industralization and the concentration of
population in urban and industrial areas has created
problems of regional pollution that are now being studied
using all that present-day science and technology can offer.
Continuing industrial growth to support growing populations, to raise standards of living and to improve national
economic performance has the potential to create new areas
of regional pollution or new and higher intensities of existing pollution concentrations. The extent to which the
atmosphere and water bodies can be used to discharge waste
without serious harm to living things or the atmospheric or
water environment is one of the most important matters that
the meteorological and hydrological community has to assist
in addressing.
48. The need to know not only conventional meteorological factors such as air flow, temperature and their
variations in space and time, and thus the dispersion and
transport characteristics of the atmosphere, but also the
chemical (and photo-chemical) transformations and interactions over periods of hours to many days, and sometimes
years, will require increasing co-operation between
meteorologists and chemists. This co-operation is already
developed or developing in some countries and there are
already atmospheric chemists specialized in these matters.
In most countries, however, this combination of expertise is
missing at present.
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49. The growth in urban areas during the next two to three
decades will be significant. In many of these areas, partly
due to wind-breaking effects of urban building complexes,
light and variable winds predominate and natural ventilation
is poor. The potential for alleviation and partial prevention
of regional and local air pollution problems, and also for
helping minimize energy and water consumption, through
the application of climatological and hydrological data and
information to urban development is very high.
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Figure 9 - Trend of global combined land-air and sea-surface
temperatures, 1861-1989, relative to the average for
1951-1980 (After the New Zealand Climate keport,
1990)

50. During the next decade, the awareness of the contribution of meteorological and hydrological services to urban
development, not only with respect to disaster prevention
aspects but also with respect to energy consumption and air
and water pollution considerations, will grow rapidly as
many countries and organizations strive to avoid past
mistakes of earlier development.
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Figure 10 - Air pollutants are not only a local problem. They are carried with the wind from one country to another,
causing damage a long distance from where they were released into the atmosphere. The diagram gives
an example of trajectories: these have been followed for four days and arrive at a receptor point (A) on
the dates in April 1979 indicated at the beginning of each trajectory (Photo: J. Mohr!WHO; diagram:
Acid Magazine)
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The accidental release of hazardous substances

meteorological and hydrological services and in evaluating

51.

their impact, will become more important as the decade
progresses.

The global community is now acutely aware of the

possible, and actual, consequences of the accidental release

of hazardous substances to the atmosphere and water bodies.
Physical effects of accidental releases may be confined to Agriculture
small areas, or be widespread, and be short- or long-term. 58. Crop and livestock production have always been
The effects on living things and in terms of human suffering weather-affected. As a result historical agricultural practices
are usually long-term.
. have been adopted to minimize the disadvantages of
52. As urban areas grow, and industrialization continues, unfavourable weather and to maximize the advantages of
and additional high-technology manufacturing develops, favourable weather during periods of production.
concern about possible accidental releases of hazardous
substances to the atmosphere and water bodies will remain
(a)
%
high.
53. Industrial organizations, planning authorities and
governments will need and seek guidance not only for planning and siting of plants manufacturing or handling
hazardous substances but also for the developmeut and oper-

160 %

ation of systems to minimize impact should an accident
occur either at a manufacturing site or during transport and

120
140l

use of hazardous substances.

1H

54. The public will need and seek assurances from all
concerned, including meteorologists and hydrologists, that,
with respect to their contribution to ensuring public health
and safety, every care has been taken and every available
skill used to assess the risks involved in manufacturing,
transporting, using and handling hazardous substances, and
to plan for timely action to prevent damage and impact
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(b)

rvJ \)v r'Jl \
(c)

should accidental releases occur. Some plans will be local
and confined to information from, and action to be taken

within, a confined area. Others will be regional and even
hemispheric or global and to be effective will need continued total regional or global support.
Services for specific purposes
55. The traditional and important role of providing meteorological and hydrological services to particular sectors of the
community has developed as a response to identified needs
within the community. Historically, some of the needs have
provided growth points for the development of national,
regional and global meteorological and hydrological
programmes. The need for ongoing meteorological and
hydrological services to those sections of the community that
have traditionally used them will continue in many countries.
In others services to these sectors may need to be initiated.
56. But needs during periods of development and growth
are usually different from later needs. Meteorological and
Hydrological Services must be acutely aware of slowly or
rapidly changing needs in these traditional areas of services
in order to identify when services may be required in
changed format or to be delivered through different communications systems, or when emphasis needs to be varied

to meet changes in the relative importance of other factors
pertinent to the sector being served.
57. The need for closer co-operation between Meteorological and Hydrological Services and those engaged in
weather-affected activities, both in developing appropriate
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Figure 11 - Crop yields strongly depend on weather and
climate. Estimated effects of climatic conN
ditions on spring wheat yields in the dry
steppe zone in Ershov agrometeorological
station, USSR: influence during the growing
season of (a) mean air temperature, (b) mean
air humidity, (c) precipitation, (d) soil water
storage, and (e) combined influence of all
modelled climatic variables (From CAgM
Report on Climate Effects on Agriculture
and Forests, 1990)
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59. Changes in farming practices, cultivars, diseasecontrol methods and stock breeding have changed
expectations of, and actual total production in, almost
every country. But the application of meteorological and
hydrological information to crop and livestock production
has not been as widespread as the application of other
knowledge.

60.

The needs for enhanced meteorological and hydro-

logical services to agriculture are dominant in three main
areas. Firstly, to aid food production. In many cases, agro-

climatological information, knowledge of recent weather
and publicly available weather forecasts relevant to dominant or important crop or animal production, and phrased to
meet the requirements of farmers, may help to satisfy the
need. Secondly, to help reduce the cost of labour and
energy inputs in food production. Particular crop-dependent meteorological and hydrological information relevant
to soil preparation, planting, fertilizing, frost, wind or hail
protection, control of pests and diseases, harvesting and
processing will increasingly be sought by a developed agricultural community. In many cases, services will be sought
by, and provided to, particular organizations or individuals
in an increasingly competitive commercial environment.
Thirdly, to provide meteorological and hydrological advice
to planning agencies, governments and organizations funding agricultural development, to help them decide whether
or not a proposal for agricultural development is feasible
and sustainable. In these cases agriculture, animal
husbandry and forestry may be viewed as an integrated
whole. This need and its wider perspective will give rise to
the requirement for some meteorological and hydrological
services to progress into a new type of co-operative study
and evaluation.
Air transportation
61.

Meeting the needs of the aviation industry for weather

information to help ensure safe, regular and economic operR
ation has been an important role for nearly all, and a
dominant role for some, national Meteorological Services

since the development of the industry. Aircraft and navigation systems design, crew training, operating and control
procedures and the provision of meteorological information

all contribute to exceptionally high levels of safety in
operation. But weatherRrelated accidents still occur and,
with more and more wide-bodied passenger aircraft coming
into service, the potential for major loss of life from a single
aircraft disaster is increasing. The need to continue to

provide meteorological services that contribute to flight
safety remains undiminished.
62.

At the same time the greatest measurable impact of

meteorological services on the aviation industry is an
economic one.

63. The demand for air transport is expected to rise as the
growth in tourism, business travel and the carriage of goods
continues. The World Area Forecast System (for aviation)
already provides reliable high-quality forecasts of winds,
temperature and significant enRroute weather for commercial
aviation, but improvements can still be made and costs for
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the industry reduced. Computer and communications technology now makes possible the provision of very specific
flight forecasts and other information relevant to a particular
flight, in new ways and from an increasing number of
sources. Demands for specific services will grow.

64. The need to improve further the accuracy of aerodrome forecasts, to reduce flight delays in the vicinity of
airports, and to avoid costly flight diversions will increase as
air routes become saturated and opportunities to land aircraft
at other than scheduled times become limited. The needs of
general aviation will be an important focus of attention for
many national Meteorological Services and very specific
information for relatively short-period operations will be

increasingly in demand.
65. Timeliness and the use of appropriate user-friendly
formats in the provision of all aviation meteorological services
will remain very high on the list of the industry's needs.
Building and construction
66.

Some part of almost all building and civil engineering

construction is carried out outdoors. Some estimates place

the average actual cost of weather-affected outdoor
construction at ten per cent higher than it would be if
construction could be carried out independently of the
weather. In some countries well-developed meteorological
services are provided tO reduce the cost of weather delays

and to facilitate full use of extended periods of fine weather.
But in many other countries these services await develop-

ment. The demand for services to be provided to the
building and construction industry is likely to rise strongly
during the next decade.
67. At the same time, architects, engineers and town planners are now much more aware of the need to take full

account of local weather and climate in building, engineering
and urban design and development. Concern will continue to
increase regarding levels of human comfort, both inside
buildings and outside in the vicinity of structures; the total
ongoing costs of building operation and use; energy
consumption for heating and cooling; the degradation of
materials; and the production, dispersal, and accumulation of
air and water pollutants. New demands will thus be placed
on Meteorological and Hydrological Services.
Water resources

68. Water is vital to the society and economy of all
nations: Jack of it causes one series of problems while too
much of it produces another. People need water to drink and
to produce food, to dispose of wastes, to generate energy, as
a means of transport and for recreation. Water is both vital

to life and the source of many human ills, and thousands of
lives are lost each year from droughts and floods. The
freshwater resources of the world are continually coming
under greater and greater stress with no prospect of any
amelioration in sight.

69.

The world's population is rapidly growing and is

increasingly concentrated in urban areas, and water demands
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Figure 13 - Meteorological conditions determine accumulation of air pollutants (top) or their rapid dispersion (bottom).
Forecasts of weather conditions favouring high levels of air pollution in urban areas may help to reduce the
impact of pollution on human health (Photos: G. Baker!Chattanooga Times)
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per head of population are rising throughout the world. This

will have major implications for water-resource management and operational hydrology, including water supply for
urban, industrial, agricultural and energy use and for urban
and rural waste disposal and treatment.
70. The impacts on water resources and water disposal of
natural or human-induced climate change and possible
changes in the amounts and patterns of precipitation and in
sea-level will be beneficial in some regions and disadvan-

tageous in others.
71.

The most severe resource management problems will
continue to exist under extreme conditions - for example, in
time, during floods and droughts; in space, in arid and semiarid areas, or in very low-lying coastal and deltaic areas.
72. Three major needs will be prominent in the next
decade. Firstly, an accurate assessment must be made of the
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Energy

73. World-wide concern about increasing levels of C02
and other greenhouse gases in the atmosphere and their
possible consequences for future climates and changes in
climate variability will give rise to intensive reassessment of

energy policies in most countries. International agreement to
reduce the rate of growth of C0 2 and other greenhouse gas
emissions to the atmosphere will bring extreme urgency to
energy policy reassessments. There is likely to be renewed
interest in options for hydro-electric power in some countries. Thus, water-resource assessment, and in many cases its
reassessment, and water-resource variation in response to
climate variability and change will be important matters on
which meteorologists and hydrologists will be required to
provide expert guidance. The search for, and use of, alternative energy sources, e.g. wind, solar, ocean swell, waves and
tidal changes, will be of great interest in several countries.
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Figure 14- The quantity of water used in the world has increased very sharply in recent years as a
result of social, agricultural and industrial development. The figure shows the growing
volume of water used in the world (a) by sector, and (b) by region (Diagram:
0. Starosolszky, after I. A. Shiklonuuwv)

freshwater resource Y{hich is available in each region of
each country of the world. This is a universal need, but the
severe lack of basic hydrological data in many developing

countries is now seen as being a serious impediment to
sound socio-economic development. Secondly, the extent to
which water resources vary in time must be determined and
the information used in planning in order to mitigate the
effects of the twin curses of flood and drought and to make
provision for the potential impact of any change in climate.
Thirdly, systematic monitoring and evaluation of human
impact on freshwater resources are needed if their quantity
and quali1y are to be maintained and a major degradation of
the environment is to be avoided. Long thought of as a
problem of the developed countries, this is now recognized
as a far more widespread phenomenon.

74. Energy conservation will become a high-priority
activity in an increasing number of countries. Energy
conservation measures are likely to draw heavily on
meteorological information for their planning and in their
implementation, and exciting opportunities to provide a new
range of services are almost certain to arise. Meteorological
information for scheduling the production, distribution and
use of energy will be in continued demand.
Health, recreation and tourism

75.

Tourism is an increasing source of income for many

countries. It is expected to grow substantially during the
next decade, not only in existing well-established areas but
also in new areas. Opportunities to serve the tourist industry
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better will arise, especially as value-for-money packages
offering alternative activities matched to weather conditions
are developed. The growing total amount of leisure time
of populations - at least in many industrially developed
countries - and the increasing number of national and international sports fixtures will bring new demands for more
precise services for urban, mountain and coastal land and
sea areas.
76. Urban air-pollution levels will remain a subject of
concern to many cities, and pollution levels tend to rise as
populations grow. Since pollution levels are dependent in
large part on meteorological conditions, and concern about
pollution and its effect on health is becoming more widespread, co-operation between public health authorities and
Meteorological Services is expected to become very much
closer in the next decade. Biometeorology, both human and
animal, has been gaining new importance and it is likely to
continue to do so.

Land and inland water transport
77. Total transport costs, as a part of the national cost
structure, are high in many countries. Weather events,
particularly fog, rain, ice and snow, are some of the factors
that contribute to the disruption of smooth transport operations by road and rail and extremes of flood and drought
can have a major impact on transport by inland water.
Particularly during the past decade, several countries have
developed specialized monitoring of highway and railway
mdeurological conditions and predictive services, to facilitate measures aimed at ensuring maximum possible
transport flow during periods of disruptive conditions. As
wider experience with these types of system is gained, a
wider demand for them is likely to follow. Substantial
savings to road authorities have been demonstrated through
the use of such services, and far greater total savings accrue
due to smooth traffic flows.
78. Since total transport costs are significant in many
countries, innovative ways to reduce any part of the costs
will continue to be sought; and as remote weather
monitoring relative costs decrease, and the accuracy of
weather and hydrological forecasts for smaller areas
increases, more specialist services for land and iriland water
transport will be required.

offshore drilling and sea-bed exploration and exploitation
and coastal engineering will continue to be in high demand.
SCIENTIFIC AND TECHNOLOGICAL
DEVELOPMENTS
81. During the last few decades the global meteorological
and hydrological community has participated in the revolutionary developments in observation technology, both
ground- and space-based, communications methods and
systems, and in data handling and processing through the use
of computers. These developments have one of their most
widespread fields of application in the World Weather Watch
Programme of WMO. But scientific and technological
developments lead to social, economic and organizational
changes, not only in meteorological and hydrological
services but also in the whole community. Although a large
part of the potential for development of national
Meteorological Services is detertnined by scientific and technological developments, actual developments are determined
by the application of scientific and technological developments, the total resources available, and social, economic and
organizational changes in the wider community.
82. Scientific and technological developments will be
used in two main ways; firstly to add to understanding of the
atmosphere and the wider environment through new forms
of observing and data analysis, and secondly to improve
the economics, efficiency and effectiveness of national
Meteorological and Hydrological Services in both servicing
and management. AppliGations of scientific and technological developments will be successful when they are
matched to the rest of the national, or international, infrastructure. The differing ratios of factors contributing to
economy, efficiency and effectiveness in different countries
will help determine the appropriate and different rate of
application of developments for various purposes.
83. The developments of the last decade in observations,
communications and computer technology will continue into
the twenty-first century. The most likely major impacts on
meteorology, hydrology and related geophysical sciences
and their applications are expected to follow from;
•

The new computer-telecommunications revolution
and information technology;

•

Remote sensing;

Marine and ocean activities

•

Automation;

79. Meteorological services have long contributed to the
safety of life at sea and the economic operation of shipping.
During the next decade, the Global Maritime Distress and
Safety System, recently adopted as an amendment to the
International Convention for the Safety of Life at Sea
(SOLAS), will become operational. It will incorporate
satellite communications and high seas forecasts and warnings. Its use will lead to a change in the way Meteorological
Services provide information to mariners and, eventually, to
a reduction in costs of providing these services.

•

Trends in other sciences.

80. Meteorological services to other marine and ocean
activities. fishing, coastal shipping and pleasure boating,

The new compnter-telecommunications revolution and
information technology
84. Obvious impacts of higher-capacity and faster
communications are on the speed and efficiency of data
collection and the potential for far greater distribution of
processed information between meteorological centres. The
greatest challenge in this new revolution lies in its exploitation for improving methods that national Meteorological and
Hydrological Services use to distribute information to users.

MEETING THE NEEDS OF THE 1990s

Figure 15

21

Typical fields of application
of supercomputers

Development of computer

power has permitted
much of the improvement
in weather forecasting

FUTURE
SYSTEMS

-fluid dynamics
- weather forecasting
-nuclear physics
-seismology

Massively parallel computers
CM-5
NEC SX-3
GRAY 3

10

en
a:
~

::>

2

a..
:::;:

2nd generation
supercomputers

GRAY YMP
NEC SX-2

8a:

GRAY 2

w

a..

CYBER 205HITAC

::>

600

en

sx-1 s-81 0120
-. _
VP-200 CRAY X-MP/48

FACOM M-280 D

MPP

200

CRAY I

S-810/10

Up to one
gigabyte
,
semiconductor
storage

HE P-I

60

ILLiac-IV
CDC STAR

20

ASC

10

t st generation
vector computers
1970

1975

1980

1985

1990

Year of introduction

Users of meteorological and hydrological information will
not only expect but also demand information through
new computer/communications systems. At the same
time databases of meteorological and related information will be established by national Meteorological and
Hydrological Services, and sometimes by others, and these
databases will be accessed directly by a rapidly increasing
number of users in both old and new areas of meteorological
and hydrological applications.
85. Again, the development of 'expert systems' for
producing weather forecasts from meteorological databases
and analyses will enable those who are not meteorologists to
adopt a 'do-it-yourself' approach to acquiring a capability to
provide a limited but growing range of meteorological
services. The meteorological and hydrological community
should lead these developments. Whether or not it does so
depends in large part on its ability to anticipate and respond
to the changing needs of other sectors of the community and
to be the most efficient and effective supplier of information. Responses to these needs will not only be national
ones, but also regional and global, for telecommunications
are global. The relative costs of high-capacity and fast
communications will decrease and there will be a strong
tendency for costs to become distance-insensitive.
Operational meteorology became possible with the advent
of the electric telegraph and since that time accelerations in
improvements in communications have been, and still are,
the paramount tendency.

Remote sensing
86. The application of both space- and surface-based
remote-sensing technology offers the only opportunity for
data collection crucial for monitoring the state of the
atmosphere and for developing understanding of many
atmospheric, hydrological, oceanic and other environmental
phenomena. Space-based remote sensing of more variables
can be expected. In particular, regular monitoring of surface
wind stress over the oceans, sea state, and ocean topography

will add significant new information for both input to, and
verification of, numerical prediction models.
87. Ground-based remote sensing will become more costeffective as a way of obtaining the information needed to
monitor and forecast small-scale and relatively short-lived
high-impact weather systems. The next generation of weather
surveillance radars will monitor local wind fields in three
dimensions. Wind profilers, for continuous monitoring of the
wind from ground level to high altitude, will offer the prospect
of acquiring a vast amount of data for use in both forecasting
and research, especially as relative costs of equipment and
automation decrease. Remote sensing will be an important

element of mesoscale networks that will be developed to
support improvements in predicting the timing and intensity
of severe weather events. It will also be an increasingly
important element in large-scale global networks.
88. The integration of information from space- and
surface-based .remote sensing systems into readily usable
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and easily understood packages of information for distribution to both meteorological offices and the users of
meteorological information will be commonplace.

Automation
89. The relative costs of automation of meteorological,
hydrological and other environmental observing, data
collection, quality control, processing and transmission will
further decrease and some form of automation will be an
economical option in every country. In some industrially
developed countries, Meteorological and Hydrological
Services will be leaders in the automation of environmeutal
data acquisition, processing, presentation and transmission.
The lack of some 'visual' elements in weather observations
from some present automatic weather stations can be
expected to be overcome through the development of new
algorithms in connection with the design of improved aud/or
new sensors.
90. Automated stations, incorporating data-analysis
programmes for specific purposes and identified appli-

cations, such as for irrigation water requirements, flash
flood forecasting, crop pest and disease control, aud drying
of harvests, will be commonplace.

91. Automation will not only bring chauges to methods of
collecting and handling meteorological and hydrological
information but also result in organizational changes in
Meteorological and Hydrological Services. Failure to
respond to the need for organizational changes could negate
the potential benefits of the automation of previously
manual, technical tasks.

Trends in other sciences
92. Developments in computer science and their applications have been, aud will continue to be, one of the main
technological factors facilitating advances in understilllding
weather and climate systems and in improving the quality
and rauge of meteorological and hydrological services available. Increases in the speed of computers and decreases in
relative costs have been a feature of the past four decades.
The same trends are likely to continue throughout the next

Figure 16

Geostationary Meteorological Satellite
MS-4 at the Tanegashima Space Centre,
1989 (Photo: National Space Development
Agency ofJapan)
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Figure 17 - Self-erecting polar automatic weather station to be deployed in remote areas. Project carried out by Polar Research
Laboratory, Inc., with funding support from National Science Foundation, Division of Polar Programmes (Courtesy Polar
Research Laboratory Inc., USA)
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decade, and their further impacts on meteorological and
hydrological services will be as great as in the past, i.e. they
will lead to the availability of more accurate and more
detailed analyses and forecasts. In turn, this will give rise to
the continued need for many Meteorological and Hydrological Services, particularly those in smaller countries, to
adapt further their work patterns and organization in order to
provide detailed and specific national services.
93. The important trend in all sciences towards a greater
number of interdisciplinary studies is likely to continue.
The wide influence of weather, water and climate on human
activities requires that meteorologists and hydrologists
become more involved in studies initiated by others and, in
turn, involve others in meteorological and hydrological studies and their meaning for humanity. Interdisciplinary studies
are often more visible to the public since they are perceived
to offer prospects for the solution of a problem as it sees it.
Such studies are both intellectually challenging and likely to
be of high practical value. At the same time, advances
within disciplines perhaps less visible to the public are
necessary if interdisciplinary studies are to attain maximum
impact and usefulness. Thus, the heightened awareness of
the need to advance both within disciplines and in interdisciplinary studies and applications will be an important factor
in shaping all science-based activities in the next decade,
including meteorology and hydrology.

94.

National, regional and global programmes for monitoring
and protecting the environment may well be based on a
system similar to that used for weather forecasting or, alternatively, be incorporated into the existing system.
97. Arrangements for the provision of both meteorological and hydrological services for the protection of life and
property, and for the general welfare of all citizens 'basic' weather services- and more 'specialized' services
to meet the needs of particular enterprises or individuals will
vary from nation to nation. In some countries all specialized
services will be provided by the national Meteorological or
Hydrological Service; in others by a private sector; and in
others by a mixture of the two or some other arrangement.
98. An essential contribution to the framework for the
next decade, and beyond, will be the adoption by Members
of policies for provision of basic and special meteorological
or hydrological services that support and strengthen principles and practices whereby:
(a)

National Meteorological and Hydrological Services
have a clearly defined mandate and responsibility,
within their country, for the provision of basic
services needed for public safety and welfare and for
maintenance of basic observations for global data
exchange;

(b)

There will be a continued world-wide commitment of
Members to the free and unrestricted international
exchange of basic meteorological data and products as
defined in WMO Programmes;

(c)

The provision of specialized meteorological and
hydrological services is undertaken in a manner that
does not impact adversely on the national
Meteorological and Hydrological Services of other
countries.

Unforeseen developments in the sciences, technolo-

gies and their applications, and in political and economic
matters, must be expected during the next decade. This
dictates that a large degree of flexibility be incorporated into
planrting for the future.

FRAMEWORK FOR THE FUTURE
95. As realization of the manner in which weather and
climate affect many activities has grown so has the demand
for specialized services for the benefit of commercial
organizations or individuals (as distinct from national
communities at large). This growth in demand has been
coincident with an increased need in many countries to
reduce expenditure in the public sector. These two developments have initiated a trend in some countries towards the
commercialization of many meteorological and hydrological
service activities.
96. Nevertheless, in all countries the government has ultimate responsibility for maintaining policies and supporting
programmes to ensure the overall protection of the life, property and general welfare of citizens, and protection of the

environment. For the provision of warnings of severe
weather events or floods, to protect life and property and
to ensure the general welfare of all citizens, both national and
global meteorological and hydrological infrastructures are
necessary. Similarly, monitoring for the protection of the
environment includes both national and 'international infrastructures. An essential part of the framework for the next
decade and beyond will be maintenance and strengthening of
the principles of free exchange of meteorological, hydrological and environmental data, their analysis and interpretation,
and the free and unhindered distribution of results to all.

99. Since national Meteorological and Hydrological
Services are able to carry out their national meteorological
responsibilities only within the global framework, Members
themselves have a responsibility to ensure the integrity of
the global framework irrespective of the success or otherwise of programmes related to the provision of specialized
revenue-generating meteorological and hydrological
services.

THE ROLE OF INTERNATIONAL CO-OPERATION
I 00. Widespread realization that human activities are transforming the highly mobile and ever-changing atmosphere has
given prominence to the reality that the atmosphere belongs
to no one individual or nation, but is for all humanity and for
all other life on Earth. Global and not only national considerations are thus required if, on the one hand, the atmosphere
is to be used as. a resource to help sustain all life or, on the
other; its ffioods and its responses to human activities are ·to
be foretold and long'term trends determined.
101. Global co-operation is imperative to the aims of
protecting the global climate for present and future generations of mankind, adopting policies for environmentally
sound and sustainable development, and saving lives and
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reducing property damage through mitigating the impact
of natural disasters. A principal purpose of the World
Meteorological Organization is to facilitate and co-ordinate
international co-operation in meteorological, hydrological
and related geophysical matters. WMO provides an international infrastructure for, and has a proven record in,
international co-operation.

social and economic welfare of national communities. In
some cases !he focus of the contribution may be through
facilitating safe and economic air transport and accumulating and compiling climatological information. In olher
cases it may be to provide a wide variety of services to both
!he public and wealher-affected industry, and to carry out a
wide range of supporting short- and long-term research.

102. All Members of WMO contribute to an extremely
developed co-operative World Wealher Watch for ensuring
the availability of the information necessary for weather
forecasts and other meteorological services. The World
Weather Watch includes monitoring of the wealher, and !he
unrestricted exchange of all data. Data are analysed and
regional and global short- and medium-term weather predictions are prepared in some larger meteorological centres.
Data, analyses and predictions are made available to all
Members, many of which do not have !he resources to carry
out the large-area data collection, or the analyses, or the
regional and global-scale forecasting procedures lhemselves.

109. Irrespective of !he range of applications of meteorological and hydrological services to benefit a national
community, !he primary role of all national Services is !he
same. It is to service the interests of all citizens, now and in
the future, through !he establishment and operation of the
national meteorological and hydrological infrastructures
and the provision of information, forecasts, warnings and
advisory services to the national community. But national
Meteorological Services cannot do this without the cooperation of the wider global community in providing
observational data and in many cases regional and globalscale forecasts of future states of the atmosphere. Thus each
national Meteorological Service must serve both its own and
!he wider global community.

103. The Climate Monitoring System is also based upon
the principles of the World Weather Watch - the free
exchange of data, the analysis and interpretation of data by
those able to do so, and !he free distribution of results to all.
The Integrated Global Ocean Services System (IGOSS),
a joint endeavour of WMO and the Intergovernmental
Oceanographic Commission (IOC) of UNESCO, functions
in a similar manner.
104. The communications facilities forming part of the
World Wealher Watch system are also used to transmit other
potentially high-impact information such as tsunami warnings, seismic data, and those pertaining to the accidental
release of some hazardous substances.
105. The WMO system for systematic and standardized
monitoring, exchange and interpretation of weather and
related information is without parallel. It forms a model, if
not the basis, for olher regional and global environmental
programmes.
106. The WMO system for monitoring and interpreting
weather and related information includes not only the activities of Member States and Territories in their own sovereign
areas but also activities in areas outside national jurisdiction.
International co-operation is essential in the co-ordination of
programmes to monitor and interpret weather and related
information concerning Antarctica, high southern latitudes
and !he high seas. WMO has maintained, and will continue to
play, a major role in promoting and facilitating this co-operation by working closely wilh olher appropriate organizations.
107. WMO, as a specialized agency of the United Nations,
co-operates wilh olher members of the UN family and also
has co-operative programmes or direct associations with
many other governmental and non-governmental scientific,
environmental and related organizations.

THE ROLE OF NATIONAL SERVICES
108. National Meteorological and Hydrological Services
have been established for !he purpose of contributing to !he

110. The most important function of most national
Meteorological and Hydrological Services is to provide
very-short-range forecasts and warnings of severe meteorological and hydrological events, through maintaining a
national meteorological and hydrological watch. Frequent
updates or revisions of forecasts and wamings are required,
and forecasts are expected for as far ahead as is practical.
The latter functions are carried out through full participation
in regional and global exchanges of observations, analyses
of data, and resulting regional and global forecasts.
111. Many national Meteorological and Hydrological
Services provide very-short-range forecasts and warnings
using more detailed sets of observations than are available
to, or necessary for, meteorological centres preparing
regional or global forecasts. National Meteorological
Services with limited resources will place high or total
reliance on regional and global-scale forecasts received from
larger centres and their interpretation in terms of national
requirements, and dedicate most of their resources available
for weather forecasting to the task of improving their provision of very-short-range forecasts and warnings.
112. During the past few decades committed global
research and its application together with !he application of
technological developments have improved knowledge and
understanding of the atmosphere. Whilst further progress
will be made in the next decade, past advances will be
consolidated and national Meteorological and Hydrological
Services required to apply further accumulated knowledge
to serving their national communities. The range of services
!hat are now possible far exceeds that of a decade ago. The
challenge to provide a wider range of more effective
services is heightened by the need to demonstrate the benefits that can be obtained from the resources made available
by governments. Effective response to this challenge will
demand very close co-operation with users of information
and services. At the same time national Meteorological
and Hydrological Services will broaden their horizons to
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envelop related geophysical matters and wider environmental issues. This will lead to particularly close cooperation with other providers of information and services
as users strengthen their desire for a 'one-stop shop' type
of servicing to meet their demand for meteorological, hydrological, related geophysical and wider environmental
information. Each national Meteorological and Hydrological Service will be required to be a significant partner
in the applications of information technology in its own
country.
113. In order to further the use and provision of meteorological and hydrological information and to improve
the range and quality of services available, national
Meteorological and Hydrological Services will enter into
co-operative arrangements with each other, when necessary
and desirable, to develop or provide services mutually.

THE SOCIAL AND ECONOMIC BENEFITS
OF METEOROLOGICAL AND HYDROLOGICAL
SERVICES
114. The social and economic benefits of meteorological
and hydrological services differ, in some cases quite
markedly, from country to country and depend upon the
different social, economic, political, geographical and
climatic situations, and the level and type of development
of national Meteorological and Hydrological Services.
Nevertheless, the provision of meteorological and hydrological services is an essential contribution to the social and
economic well-being of ahnusL every country.
115. There are many examples of the ways in which these
services can aid the protection of life and property through the
provision of timely warnings of severe and hazardous weather
and flooding, and also assist in the conduct of trade and
commerce, activities related to agriculture, energy and
water supply and use, and the operation of transport and

communications systems. For example, timely warning of a
typhoon in eastern Asia allowed 13 000 fishing boats to take
shelter and 200 000 hectares of rice to be harvested before
damaging winds and rain commenced, while in western
Europe several million dollars are saved annually through
matching winter treatment of roads to predicted weather
conditions.

116. In addition to their operational use for day-to-day activities, meteorological and hydrological services are an
important input to both short- and long-term planning in
natural disaster preparedness and in most weather-sensitive
activities. For example, studies show that some fruit crop
losses due to frosts can be reduced by between 3 and 10 per
cent through the use of meteorological services. Again,
studies demonstrate that the number of applications of
fungicides to a particular crop can be reduced from several,
at normal regular intervals, to a very small number determined by the particular weather conditions, with savings
amounting to US $2 800 000 for an area of 3 500 hectares.
Other examples of benefits and potential benefits are listed
in the box below.
117. Most studies show that maximum benefits are
obtained only when there is very close co-operation between
the user and the supplier of meteorological and hydrological
services. Whilst close co-operation already exists between
many national Meteorological and Hydrological Services
and particular users - for example, public safety offices for
severe weather warnings; planners and managers of flood
control, water-supply and water-quality systems; and the
aviation, marine and agriculture industries - there is an
urgent need for further development in all countries. In
addition, it is now recognized that co-operation with a very
wide group of people and organizations is necessary in order
properly to address issues of climate variations, climate
change and environmental protection, and to support multidisciplinary studies of large-scale global change.

MEETING THE NEEDS OF THE 1990s
118. Much closer association with the users of meteorological and hydrological services will result not only in
the provision of better services to address both existing and
new problems and issues, but also in more complete assess-

ments of the contribution that the services do and can make
to the economic and social growth and sustainable development of all countries.
119. Though large differences exist between countries and
many different considerations apply across the various
applications sectors in individual countries, general studies

indicate that the overall benefits of national Meteorological
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and Hydrological Services throughout the world far exceed
the cost of their provision, by probably at least an order of
magnitude and perhaps by two orders of magnitude or more.
But, indicative as these studies may be of overall benefits,
the ongoing economic and social developments of the
1990s, and especially the trend in some countries towards a
more market-led and competitive economy, will require
particular effort by most national Meteorological and
Hydrological Services to describe and quantify their contribution to various parts of the public sector and also, in
many cases, to commercial and industrial enterprises in the
private sector.

CHAPTER4

WMO STRATEGY 1992-2001
120. The WMO strategy for the decade 1992-2001 is
aimed at ensuring that the national Meteorological and
Hydrological Services of all countries will be able to:

•

Serve their national communities more effectively;

0

Make a major contribution towards protection of the
global climate and the overall environment for present
and future generations of mankind.

THE ROLE OF WMO IN THE 1990s
121. The purposes of WMO as set out in its Convention
will remain valid through the coming decade but the monitoring, understanding and forecasting of weather, climate
and the state of'the atmosphere will increasingly be viewed
in a total Earth system context. Therefore greater attention
will be directed to the interface of meteorology with the
other geophysical disciplines in connection with the major
environmental issues of the decade which fall within the
purview of the programmes and responsibilities of WMO.
122. The continuing strength and increasing importance of
WMO to the world community will centre on the unique
international framework through which all its Members work
together to obtain, and exchange freely and in real time, a
range of information on the state of the atmosphere, oceans,
rivers and land surfaces that is vital to decision-making and
planning in all countries and in all sectors of society.
123. The World Meteorological Organization will continue
to provide the focus for integrated planning and co-ordination of regional and global meteorological, hydrological
and related geophysical activities through its various
constituent bodies and other machinery. The programmes of
the Organization represent in a very real sense the totality of
the activities of the Members of WMO.
CHALLENGES FACING WMO IN THE 1990s
124. Major challenges facing the Members of WMO in the
1990s extend horizons from those encompassing traditional
meteorological and hydrological concerns to those embracing wider aspects of applications of all the sciences of the
biosphere. National Meteorological and Hydrological
Services are now required to advance understanding, and

provide information and services, in support of:
•

Security of life;

•

Reduction of the impact of natural disasters;

•

Provision of adequate food and water for the world's
population;

0

Environmentally sustainable development;

0

Response to the impacts of climate variability and
change;

•

Restoration and preservation of quality of the environment;

•
•

Public welfare and quality of life;
Regular and economical conduct of trade and
commerce.

125. The global trend for less government intervention
in economic matters and a greater reliance on market forces
to determine the allocation of an increasing proportion
of national resources challenges WMO and national
Meteorological and Hydrological Services to demonstrate
clearly their contribution to social and economic growth and
development. Whilst in some cases national Meteorological
and Hydrological Services will be required to evaluate their
social and economic impacts through formal socio-economic studies, in others their economy and effectiveness may
be assessed directly in terms of the response of the economic market to their provision of information and services.

The challenge to respond to changing economic concepts
and to be a part of their application in both economic and
social terms is coincident with the challenge to understand
the natural environment better and to develop sustainable
life-styles. But the ultimate response to how humanity can
progress and at the same time live in greater harmony with
the environment may well be an ethical one. An inappropriate response to only part of this wide set of challenges may
be detrimental to advancing understanding of the atmosphere and hence to protection of the global climate for
present and future generations of mankind.
GENERAL POLICIES
126. The policies and strategies set out below elaborate and
complement the formal statements of purpose and procedure
laid down in the Convention and in other Basic Documents
of WMO. While they do not have the permanence or
binding force of these documents, they represent the
philosophy underlying the programme structure of WMO
which guides the planning and management of the various
scientific and technical programme activities in pursuit of

the overall objectives of the Organization. They are
designed to contribute to the spirit of cohesion and
dedication necessary to achieve the common objectives of

Members and to assist the constituent bodies to fulfil their
responsibilities by indicating the general attitudes,
philosophy and values that the vast majority of Members
expect of the Organization.
127. It is the policy of the World Meteorological
Organization that:
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(a)

Members and constituent bodies should strive to
enhance the efficiency and effectiveness of WMO
as the appropriate instrument for international cooperation in meteorology and operational hydrology;

(b)

WMO should play an active role in assisting Members
to achieve fully the benefits available from international
co-operation in meteorology and operational hydrology
and from the operation of modern, well-equipped
national Meteorological and Hydrological Services;

(c)

WMO should continue to explore and develop all
available mechanisms for encouraging and facilitating
the transfer of knowledge and proven methodology
between Members;

(d)

(e)

In the development and implementation of WMO
Programmes, the Organization should pay particular
attention to the identification of probable future needs
for long-period meteorological and hydrological
records, on a world-wide or regional basis, both for
purposes within its own areas of responsibility and to
meet the future needs of other agencies;
Members should reaffirm their commitment to the free
and unrestricted international exchange of basic meteorological data and products as defined in WMO

responsible for climate monitoring, research and
applications, and provides an authoritative international scientific voice on matters related to climate
change;

(c)

Environmental quality: To contribute, through scientific monitoring and research, to understanding,
arresting and reversing the degradation of the strataspheric ozone layer and the marine and hydrological
environment, and, using WMO capabilities, to
provide information and warnings on impending environmental disasters;

(d)

Natural disaster reduction: To contribute, within the
framework of the International Decade for Natural
Disaster Reduction and through the implementation of
detection, prediction and warning systems, to safety
of life and to reduction of the social and economic
impact of natural disasters;

(e)

Transportation safety: To enhance the safety of the
increasingly mobile global population through
improved meteorological and related services in
support of air, sea and land transportation systems;

if)

F ood,fibre and water: To contribute, through effective application of meteorological and hydrological
data and services at national and international levels,
to the accurate assessment of water resources, to
increased production of food and fibre, and to the efficient use and distribution of food, fibre and water for
the increasing world population;

(g)

Energy use: To contribute, through effective application of meteorological and hydrological data and
services, to the efficient use of energy sources and to
the planning, development and use of new energy
sources, especially those that would help reduce the
rate of increase of greenhouse gases in the atmosphere;

(h)

Bridging the gap: To support the accelerated development of national Meteorological and Hydrological
Services of developing countries through a co-ordinated strategic approach to technical co-operation and
development;

(i)

Community benefit: To ensure that, in all countries,
the general community better understands the value
of, and is better assisted to benefit from, the
basic public information, forecast and Warning
services provided by national Meteorological and
Hydrological Services;

(j)

Sustainable development: To contribute, through the
meteorological, hydrological and oceanographic
monitoring, research and prediction facilities and
programmes of national Services, to env~ronmentally
sustainable development for all countries .

Programmes;

if)

(g)

WMO should continue to place high priority on
upgrading the effectiveness of the technical commissions in the overall co-ordinated planning and
management of the scientific and technical programmes of the Organization;
The regional associations should play an increasingly
active role in the planning and implementation of the

scientific and technical programmes within their areas
of responsibility;
(h)

WMO should enhance interaction with regional activities of other international organizations having
relevance to meteorological, hydrological and related

activities carried out in various WMO Regions;
(i)

WMO, through its technical commissions and its
participation in the World Climate Programme and the
Intergovernmental Panel on Climate Change, should
enhance contributions in monitoring, research and
assessment related to the global environment.

MAJOR OBJECTIVES 1992-2001
128. The major objectives ofWMO for 1992-2001 are:
(a)

World Weather Watch: To consolidate and strengthen
the World Weather Watch as the fundamental international system for free and unrestricted exchange of
.the. basic meteorological and related geophysical and
environmental data and products needed to support

applications and services at the nationa], regional, and
global levels;
(b)

Climate change: To ensure that the WMO effectively
fulfils its role as the leading international agency

STRATEGY FOR ACHIEVEMENT OF OBJECTIVES
129. The strategy for achievement of these major objectives
is based on effectively harnessing ·the. efforts of the global
meteorological and hydrological community through:

WMO STRATEGY 1992-2001

•
•
•

Sharing of data, knowledge, expertise and facilities;
Co-operation in research and in the development and
provision of new systems and techniques;
Mutual support in addressing future problems and
challenges.

contribution towards national and international responses to
this issue, WMO will:
•

Give high priority to co-operation with other organizations addressing the scientific and all other aspects
of climate change;

•

Arrange for the preparation of scientific statements on
the physical and chemical state of the Earth's atmosphere, and for predictions of climate change;

•

Promote and facilitate the conduct of, and co-operate

130. The strategy is implemented by adopting integrated
programmes that;

•

Build on existing strengths such as:

in scientific research on, climate and climate

- The unique international framework for global data
exchange and processing;
- Collaborative arrangements with other international
organizations, both within and outside the United
Nations family, for research and applications;

•
•
•

processes;

•

Foster the collection, derivation and interpretation of
climatological data;

•

Support the establishment of a Global Climate
Observing System (GCOS) as recommended by the
Second World Climate Conference.

Increase understanding of the atmosphere;
Assist Meteorological and Hydrological Services to

increase their contribution to national social and

31

economic well-being;

Environmental quality

Increase awareness of the contribution that WMO and
national Meteorological and Hydrological Services
make to society.

134. To assist in understanding, arresting and reversing the
degradation of the atmospheric, marine and hydrological
environment, and to provide warnings of environmental
disasters, WMO will:

131. The measures to be taken, in terms of the overall strategy, to address important issues during the next decade are
set out in the following paragraphs.

•

Co-ordinate the implementation of an operational
global system for monitoriug, evaluating and understanding natural and man-made constituents of the
atmosphere, their variation and their possible impact
on the environment;

•

Facilitate and co-ordinate the operational exchange of
environmental data and information;

•

Co-operate with other organizations in promoting
research, understanding and applications of environmental information;

•

Develop its role as the authoritative scientific voice on
the Earth1s atmosphere and on predictions of atmospheric changes on all time scales.

World Weather Watch
132. The World Weather Watch Programme is a pivotal
programme of the Organization. It is a unique example of

successful and practical international co-operation that
enables national meteorological services to be provided at

minimum cost to individual nations. To consolidate and
strengthen the World Weather Watch, WMO:

•

Urges Members to continue to exchange data and
products freely between national Meteorological
Services in accordance with agreed procedures;

•

Will give high priority to the elaboration of policies
and arrangements for maintenance of free international
data exchange taking into account the increasing social
and economic value of meteorological data and products and the differing national needs for the provision
of various types of meteorological services;

Natural disaster reduction
135. The International Decade for Natural Disaster
Reduction provides a new focus and catalyst for the global
meteorological and hydrological communities. In effectively fulfilling its role WMO will:

•

Will promote and facilitate co-operative arrangements to support and develop components of the
Programme;

•

•

Will foster the introduction of new, cost-effective, and
appropriate technology, and assist Members to ·use the
full potential of the Programme.

Foster the further strengthening of co-ordinated
programmes and action to provide effective and
timely warnings of damaging and destructive tropical
storms;

•

Promote and co-ordinate activities that lead to the
improvement of forecasting of severe and damaging
weather events, including resulting flooding;

•

Assist other organizations responsible for providing
regional and global warnings of natural disasters by
making the facilities of WMO Programmes available,
when appropriate;

Climate change
133. Climate change is one of the most important environmental issues facing mankind. In order to make a major
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•

Co-operate with national, regional and global organizations planning or implementing programmes designed
to mitigate the adverse effects of natural disasters.

development of economic and appropriate environmentally sustainable renewable energy sources;
•

Promote the exchange of information and proven
methodology to assist Members to use, in the most
effective manner, meteorological, hydrological and
related geophysical information in matters of national
energy assessment, production and use;

•

Promote research and application relevant to meteorological and related aspects of energy conservation.

Transportation safety
136. To enhance the safety of the increasingly mobile
global population WMO will:
•

Co-operate with regional, international and intergovernmental organizations responsible for ensuring
the safe, cost-effective and efficient operation of
various forms of transport;

•

Foster activities that lead to increase in the accuracy
and in the timely delivery of meteorological, hydrological and related services for the transport systems;

•

Promote the strengthening of existing, and development of new, meteorological, hydrological, oceanic
and related geophysical observational and information
systems necessary to improve services to the transport
systems;

•

Facilitate regional and other co-operation that will
result in the provision of improved services to the
various transport systems.

Bridging the gap
139. Some national Meteorological and Hydrological
Services have reached advanced stages of organizational and
technical development whilst others are less advanced. The
Programmes of WMO and the effectiveness of all national
Services would be enhanced if this gap in the stages of
development were bridged. WMO will:

•

Support the accelerated development of national
Meteorological and Hydrological Services through a
co-ordinated approach to technical co-operation and
development;

•

Assist Members to seek financial, technical and other
support for the development of national and regional
meteorological hydrological facilities from international and other organizations assisting national
and regional development;

•

Facilitate and provide education and training events
for meteorological, hydrological and other appropriate
personnel, and for users of meteorological, hydrological and related information and services;

•

Facilitate manpower development planning in appropriate Member countries;

•

Foster self-help among developing countries, especially through programmes such as that of Technical
Co-operation among Developing Countries (TCDC);

•

Promote the establishment of guidelines and policies
to help ensure that commercial activities of industrially developed countries do not adversely affect
development of the less advanced Meteorological and
Hydrological Services.

Food, fibre and water
137. The provision of food and water for the rapidly
increasing global population will require a co-ordinated
effort by many sectors of the community. In order to fulfil
its role in this crucial task WMO will:

•

•

Assist Members to develop and provide meteorological and hydrological services that help develop
sustainable and cost-effective agricultural systems;
Foster a better understanding between the agricultural
sectors and the meteorological and hydrological
communities of the use and value of meteorological
and hydrological information in planning and production for food supply;

•

Promote and facilitate the assessment and forecasting
of the quantity and quality of water resources and
planning for their use;

•

Assist with the development of services that better
utilize available water resources.

Energy use
138. The increasing global population and the global
increase in energy demand giv<f rise to prospects for an
increasing accumUlation Of atmospheric green~ouse gases.
Again, energy costs are a significant proportion of the total
cost structUre of many communities and a rapidly increasing
component of the costs in other communities. WMO will:
•

Promote and assist in the collection, analysis and application of meteorological, hydrological and related
geophysical information relevant to the assessment and

Community benefit
140. To ensure that the general community understands and
obtains maximum benefit from meteorological and hydrological services, WMO will;
•.

Assist in strengthening the capability of national
Meteorological and Hydrological Services to provide
a comprehensive range of appropriate weather and
related services;

•

Develop guidelines for the provision of public information that describes applications and value of
meteorological and hydrological information and
services;
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•

Facilitate training and related events that accelerate

•

Promote and foster studies tbat improve the ability of
national Meteorological and Hydrological Services to
apply meteorological and hydrological information to
problems of sustainable development;

•

Assist Members to apply meteorological and hydrological information to problems of sustainable

the exchange of skills and proven methodology in
demonstrating the application and use of meteorological and hydrological services.

Sustainable development

development;

141. To help humanity live in harmony with the environment and adopt policies for sustainable development, WMO
will:

o

•

•

Include sustainable development in the outcome
expected from each project concerning the application
of meteorological and hydrological information to
economic and social needs and issues;
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Promote and co-ordinate the collection of meteoro-

logical and hydrological information that will be
of benefit to future generations;
Co-operate with other international organizations

that use meteorological, hydrological and related
geophysical information pertinent to problems of
sustainable development.
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WMO PROGRAMMES 1992-2001
142. WMO Programmes for the decade 1992-2001 include
the continuation of ongoing high-priority programmes
that enable national Meteorological and Hydrological
Services to:

services, etc. The WMO Programme structure for the period
1992-2001 and the responsibilities for conduct of the
programmes are set out in the table overleaf.

•

Assemble and maintain the essential basic climate
records for their countries;

WORLD WEATHER WATCH (WWW) PROGRAMME

•

Provide services to protect life and property and
add to the social and economic well-being of their
communities;

•

Advance understanding of meteorological and hydrological phenomena and further improve national
services;

•

Advance their human and technical development.

143. The Progranunes also incorporate WMO's response to
new challenges to make a meaningful contribution towards
meeting world-wide concern about global environmental
issues such as climate change; ozone depletion; monitoring,
scientific analysis and prediction of the global environment;
and the achievement of sustainable development.
144. All of the WMO Programmes are co-operative and are

based on the reality that world-wide weather and climate
patterns are all interdependent, and thus no one nation can,
on its own, be entirely self-sufficient in the provision of all
meteorological, hydrological and related environmental
services. The Programmes provide for the sharing of meteorological, hydrological and related information, knowledge,
skills and methodology, for technical assistance, and for the
free and unrestricted flow of meteorological and related
products from the most highly developed meteorological and
hydrological centres to all other centres. Modern office
automation technology and practices (including text processing and computer support) are an integral part of the
scientific and technical programmes of WMO, thus providing the basis for the efficient work of the Organization.

PROGRAMME STRUCTURE 1992-2001
145. The seven major Programmes are all interactive.
Each is composed of a number of individual programmes,
and is the responsibility of one or more of the constituent
bodies of the Organization. The Programme structure is
similar to that of the Second Long-term Plan. Some amendments or adjustments of both the major Programmes and
their internal structure have been made in order to reflect the
changing priorities and new developments, such as the
increasing involvement of WMO in global environmental
matters, the growing role of satellites in providing meteorological, hydrological, oceanographic and other related
information, the need for strengthening public weather

146. Meteorological services are required for the safety of
life and property, the protection of the environment, and for
the efficiency and economy of a wide range of weathersensitive activities. Central to the provision of these
services is the receipt by National Meteorological Centres of
observational data, analyses and forecasts on a variety of
time and space scales extending from instantaneous to longterm, from local to global. The WWW Programme is the
international co-operative programme which arranges for

the gathering and distribution on a world-wide scale of this
vital meteorological information for use by all Members.
147. The WWW has been evolving for nearly 30 years.
While much progress has been made, much more remains to

be done. Parts of the globe are still inadequately observed
or not observed at all. Modern computer techniques of
weather prediction are not available for many countries.
Information is sometimes delayed or lost, compromising the
ability to provide timely warnings and other vital services.

148. The principle of free exchange of data and products
within the WWW system provides the incentive and basis

for meteorological co-operation. The planned close integration of the three core elements of the WWW - observing,
communications and data processing - at the global,
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Programme structure of WMO, 1992-20011
Programme

Programme

Responsible body2

number

I.

WORLD WEATHER WATCH PROGRAMME
1.1
1.2
1.3
1.4
1.5

1.6
1.7
1.8
1.9
2.

4.

World Climate Impact Assessment and Response Strategies Programme

2.4
2.5

World Climate Research Programme
Climate Change Co-ordination Activities

1
2
3
4

ACCAD3
ACCAD3
UNEPSAC
JSC, IOC, CAS
Executive Heads of Agencies, CCWCP

3.1
3.2

Global Atmosphere Watch
Programme on Short- and Medium-range Weather Prediction
Research

CAS & EC Panel on EPAC
CAS

3.3
3..4
3.5

Programme on Long-range Forecasting Research
Tropical Meteorology Research Programme
Programme on Physics and Chemistry of Clouds and Weather
Modification Research

CAS
CAS
CAS & EC Panel on PCCWMR

APPLICATIONS OF METEOROLOGY PROGRAMME

Public Weather Services Programme
Agricultural Meteorology Programme
Aeronautical Meteorology Programme
Marine Meteorology and AssOciated Oceanographic Activities
Programme

CBS
CAgM
CAeM
CMM & JC/IGOSS

HYDROLOGY AND WATER RESOURCES PROGRAMME

Operational Hydrology Programme- Basic Systems
Operational Hydrology Programme- Applications and Environment
Programme-on Water-related Issues

CHy
CHy
CHy

EDUCATION AND TRAINING PROGRAMME4

6.1
6.2
6.3
6.4
7.

CIMO
CBS & EC Panel on Satellites
Regional bodies
EC WO on Antarctic Meteorology

ATMOSPHERIC RESEARCH AND ENVIRONMENT PROGRAMME

5.1
5.2
5.3
6.

World Climate Data and Monitoring Programme
World Climate Applications and Services Programme

2.3

4.1
4.2
4.3
4.4

5.

CBS
CBS
CBS
CBS
CBS

WORLD CLIMATE PROGRAMME

2.1
2.2

3.

Global Data-processing System
Global Observing System
Global Telecommunication System
WWW Data Management
WWW Systems Support Activity, including the Operational
Infonnation Service
Instruments and Methods of Observation Programme
WMO Satellite Activities
Tropical Cyclone Programme
WMO Antarctic Activities

Manpower development
Training activities
Education and training fellowships
Support to training events under other WMO major Programmes

TECHNICAL CO-OPERATION PROGRAMME4

BC Panel on ETR
EC Panel on ETR
EC Panels on ETR & VCP
EC panels & technical commissions
EC Panel on VCP (VCP matters only)

Regional activities are highlighted under the individual programmes as appropriate.
For explanation of abbreviations see Annex II.
With the involvement of all technical commissions of WMO.
Carried out in collaboration with technical departments of the WMO Secretariat (and WMO constituent bodies) as appropriate.

WMOPROGRAMMES 1992-2001
regional and national levels should allow all Members, irrespective of their level of national development, to benefit
fully from WWW data and processed products.
149. For the making of meteorological forecasts, observational data are needed for the whole globe, including vast
areas outside national jurisdiction. Such areas are the
oceans and the Antarctic, where Members' co-operative
efforts are required to ensure data coverage and services.
150. Ocean observations are required in support of a
number of WMO programmes and are derived from a
variety of observing platforms, necessitating extensive co-

operation and co-ordination, both among individual
Members and also at the WMO programme level. This
applies in particular to the remote, data-sparse ocean areas
of the southern hemisphere where both remote-sensing and
extended in situ systems such as satellite and drifting buoys
have a major role to play.
151. Although the WMO regional association structure
formally terminates at latitude 60°S, it is recognized that coordination of Antarctic meteorological activities is a role for
which WMO is uniquely suited. The EC Working Group on
Antarctic Meteorology is set up to co-ordinate the implementation of the WWW and other WMO programmes
within the Antarctic.

of WMO and its Members, the WWW is the basic programme of the Organization.
155. The Second World Climate Conference, in explaining
the requirement for a Global Climate Observing System
(GCOS), pointed out that it should be based on, among
other elements, an improved World Weather Watch
Programme. The WWW components of observing, data
processing and telecommunication, integrated through the
WWW data-management function, will all contribute to the
GCOS as well as accomplish the primary functions and
priorities of the WWW in support of operational forecasts
and warning services. To accelerate improvements
additional global and regional planning activities supplemented by an increased expert services component will be
required. Technical co-operation activities and transfer of
technology will be a key to assist developing countries to
fulfil their role in the GCOS.
Structure

!56. The WWW functions on three levels: global, regional
and national. It involves the design, implementation, and
further development of three closely linked core elements:
•

The Global Data-processing System (GDPS), consisting of World, Regional Specialized and National
Meteorological Centres to provide processed data,
analyses, and fo~ecast products;

•

The Global Observing System (GOS), consisting of
facilities and arrangements for making observations at
stations on land and at sea, and from aircraft, meteorological satellites and other platforms;

•

The Global Telecommunication System (GTS),
composed of telecommunication facilities and
arrangements for the rapid, reliable collection and
distribution of observational data and processed
information.

Purpose and scope

152. The main purpose of the WWW Programme is to
ensure that each Member has access to all the meteorological and related geophysical information it needs to provide
effective services so that each may make the best use of its
weather and climate and minimize their harmful effects.
This requires the frequent and regular observation of a wide
range of meteorological elements from thousands of locations around the world - on land, at sea and in the air, as
well as in outer space; the rapid collection and exchange of
observational data; the preparation of information and
charts describing the current and forecast weather; and the
dissemination of this information to all who require it.
153. Implementation is based on the fundamental concept
that each of the Member countries undertakes according to
its means to meet certain responsibilities in the agreed
global scheme. The Programme's main functions are the

157. The operation and further development of the three
core elements will be co-ordinated and integrated through
two WWW support functions:
•

WWW Data Management (WWWDM), to co-ordinate, monitor and manage the flow of data and
products within the WWW system to assure their
quality and timely delivery to meet Members' individual needs and those of other WMO programmes;

•

WWW System Support Activity (SSA), to provide
guidance, technical and scientific information, and
training to those involved in the planning, development and operatiou of WWW components; and to
initiate, co-ordinate and evaluate various WWW cooperative activities and support actions. This includes
the Operational Information Service (OIS) to collect
and distribute information on facilities, services,
data and products made available within the WWW
system.

planning, organization and co-ordination of the necessary

facilities and arrangements at the global, regional and
national levels, including the design of observing and
telecommunication networks, the standardization of observing and measuring techniques, the development of common
telecommunication procedures, and the presentation of both
observational data and processed information in a manner

understood by all, regardless of language.
154. The Programme also embraces supporting activities to
provide guidance, technical information and training to
assist Members in the implementation of the WWW, and to
improve the WWW system through the incorporation of
new scientific and technological developments to increase
its effectiveness and maximize benefits available to
Members. Because of its pivotal importance to all activities
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158. The World Weather Watch Programme includes four
other sub-programmes:
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GLOBAL OBSERVING SYSTEM

GLOBAL TELECOMMUNICATION SYSTEM

GLOBAL DATA-PROCESSING SYSTEM

About 10 000 observation stations, 900

Links world, regional and

of which monitor the upper atmosphere

national weather centres

3 World Meteorological Centres
(Washington, Moscow and Melbourne)

Information is also gathered from

Collects observed data and

29 Regional/Specialized

7 000 ships, 3 000 aircraft, more than
600 radar stations and some 220 fixed

distributes globally

Meteorological Centres

Distributes analyses and forecasts

149 National Meteorological

and drifting buoys

A space-based observing system
comprising geostationary and

from data-processing centres

Centres

polar-orbiting satellites

Figure 18 - The World Weather Watch is a global system for the collection, analysis and distribution of weather and other
environmental information

•

The Instruments and Methods of Observation
Programme, to improve the accuracy of observational
data and the standardization of meteorological instruments and observing techniques;

o

WMO Satellite Activities, aimed at providing highquality global satellite data and products to meet
Members' needs and to strengthen Members' capabilities to receive and effectively use satellite data;

•

The Tropical Cyclone Programme, designed to assist
some 60 countries in minimizing loss of life and
property damage caused by tropical cyclones and
associated phenomena such as floods, storm surges
and landslides;

•

WMO Antarctic Activities, aimed at promoting and
co-ordinating the implementation and operation of the
basic elements of the WWW to meet the requirements
for meteorological services as well as for environmental monitoring and climate research.

The Global Data-processing System
Purpose and scope

159. The purpose of the GDPS is to make available to
Members weather analyses and forecasts of the overall
development of weather systems and to enable them to
provide in the most cost-effective way high-quality forecasting, wmning and information services to weather-sensitive
national activities. The GDPS consists of a three-level
system of centres operated by Members at the national,
regional and global levels. There are 149 National
Meteorological Centres, 29 Regional Specialized
Meteorological Centres, and three World Meteorological
Centres. More than 2 000 analyses and forecast products
are provided daily from Regional Specialized and Global
Meteorological Centres, covering a variety of space and
time scales ranging from local to global and periods from a
few hours to more than a week.

Current status

160. The GDPS comprises a variety of facilities and
techniques, ranging from highly automated to manual
data processing. The increasing power and availability of
computers of all classes have led' to drastic changes in
operational meteorology and hydrology as they enable
real-time processing of large data volumes and open
unprecedented possibilities in data management. The
routine computation of global forecast models and the
introduction of high-resolution regional and mesoscale
models have opened new possibilities of improving
meteorological services on all time scales and in various
fields of application. Objective product-interpretation
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Figure 20- World Weather Watch data received at the European Centre for Medium Range Weather Forecasts show an example
of data availability from various sources. As can be seen, only satellite data provide a truly global coverage
(Courtesy ECMWF)
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Figure 21 - Weather reports from the oceans have always made a vital contribution to the whole range of forecasting services. An aerological balloon being ejected by an automatic launcher aboard a Japanese
freighter in the North Pacific Ocean (Photo: NCAR)
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techniques are increasingly applied to draw maximum
benefits from the available numerical forecast products. The
progressing standardization of software and interfaces
favours the transfer of data-processing technology.

Planned activities
161. The planned activities of the GDPS during the decade
are:
o

Review and development of the GDPS network,
particularly on a regional level, to meet the require·
ments for basic and high-quality specialized products;

•

Review of Members' requirements for the exchange of
GDPS products and adaptation and co-ordination of
the output programmes on both a global and a
regional scale;

0

Promotion of the introduction of improved numerical
weather prediction and objective product-interpretation techniques with emphasis on the improvement
of forecasting in the tropics, the Antarctic and its
surrounding sea areas, prediction of severe weather
and very short-range forecasts;

Current status
163. The GOS comprises some 10 000 stations on land,
7 000 ships at sea, 3 000 aircraft and a system of at least
four polar-orbiting and five geostationary satellites, all of
which together generate approximately 8 million characters
of alphanumeric data daily.
164. The GOS is a very extensive global observing
network but there are large voids in the surface-based
system over vast ocean areas and polar and desert regions.
The accuracy of the observational data is not uniform and is
inadequate in some areas and from some observational facilities, particularly as regards satellite soundings of the upper
atmosphere.

Planned activities
165. The planned activities of the GOS are:
o

Development of criteria for the design and implementation of composite observing systems, particularly
over data-sparse areas, including the Antarctic, to
determine an optimum mix of surface- and spacebased observing components;

0

Development of capabilities for the timely provision
of specialized products in case of environmental
emergencies;

o

Review of the existing networks of surface-based
observing stations with a view to integrating new
observing components;

•

Development of criteria for the verification of GDPS
products at all levels.

•

Promotion of the development and implementation of
automated remote sensing techniques and other
observing facilities such as buoys, automatic stations,
aircraft-to-satellite data acquisition and relay, and an
automated shipboard aerological programme;

The Global Observing System

Purpose and scope
162. The purpose of the GOS is to provide, from all parts
of the globe, high-quality standardized weather observations
needed by Members for the preparation of weather analyses,
forecasts and warnings and to support other WMO
programmes and relevant programmes of other international
organizations. It is a composite system made up of facilities
on land, at sea, in the air and in outer space, for the observation of meteorological and other environmental elements.

0

Promotion of the implementation of standard
procedures for assuring the quality of observational
data and updating relevant regulatory and guidance
material;

0

Establishment of new capabilities for observation of
the composition of and processes in the atmosphere,
other environmental parameters needed in case of
environmental emergencies and for long-range
forecasting and the monitoring of climate variability
and change.

The Global Telecommunication System

Purpose and scope
166. The purpose of the GTS is to provide telecommunication services -for the rapid and reliable collection
and exchange of the required observational data, meteorological analyses, forecasts and warnings. It is a world-wide
dedicated system comprising the Main Telecommunication
Network of 22 point-to-point circuits, linking three
World Meteorological Centres and 15 Regional Telecommunication Hubs (RTHs), .and regional telecommunication
networks served by a further 15 RTHs and 149 National
Meteorological Centres; there are 295 circuits planned, of
which 249 are currently in operation. One of the main functions of the programme is to develop and implement
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Figure 22 - The inaugural launch of a balloon-borne ozone sonde at
"Vicecomodoro Marambio", Antarctica, on 24 November 1986
(Photo: P. Saarinen/Aamulehti, Finland)

Figure 23 -Tethered and free-floating weather buoys provide valuable data
from little-visited areas away from sea and air routes (Photo:
General Dynamics, Corvair Division)
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standardized procedures and techniques allowing communication between all Members regardless of language and level
of technological development.

Networks, taking due account of the availability of
modern telecommunication means and equipment;

•

Introducing satellite-based communication systems

for the collection and distribution of observations and
products, with a view to obtaining complete global
coverage for the access to the GTS by National
Meteorological Centres and similar centres;

•

Co-ordinating the planning and implementation of
computerized facilities at NMCs for integrated
telecommunication data-handling and data-processing
functions, to facilitate the timely transmission of

observational data and the reception and use of meteorological information to meet national requirements;
•

Improving telecommunication arrangements for the

collection and exchange of data from specific GOS
programmes and areas such as drifting buoys, ships,
aircraft, and remote land-based stations, including the
Antarctic.
Current status

WWW Data Management (WWWDM)

167. Important advances have been made in the GTS in
recent years through the establishment of new communica-

Purpose and scope

tion links, automation of meteorological telecommunication

169. The purpose of WWWDM is to meet Members' individual needs for weather data, analyses and forecasts
generated by the core elements (GOS, GDPS and GTS) of
the WWW system. The underlying principle of the
WWWDM design is the integration of GOS, GDPS and
GTS into a single unified system aimed at ensuring the
effectiveness of the WWW as a whole.

centres, the use of advanced technology such as satellite
communications, and the introduction of advanced standard
telecommunication procedures. But a number of deficiencies remain to be overcome in regard to overall
implementation. Some Members, dependent upon limited
communications facilities, are not able to receive products

currently available to other Members with access to highercapacity communications facilities. The GTS plan is subject
to regular review and revised as communications technology
continues to advance at an unprecedented rate and as
Members' needs grow for faster transmission of larger
amounts of data and for a greater variety of products.

170. WWWDM includes consideration of all aspects of the
WWW system and the interactions between its core

elements. The WWWDM functions introduce a new level
of co-ordination in database management to permit more

efficient use of the WWW system by Members. Monitoring
of WWW operations and quality control of basic observational data and output products are essential features.

Planned activities
168. The plarmed activities of the GTS are:
•

Further upgrading the structure and operation of the
Main Telecommunication Network (MTN) to provide
a flexible and highly efficient data-exchange service
between WMCs and RTHs/RSMCs, particularly by
the introduction of advanced data-communication
techniques and procedures;

•

Improving the interface between the MTN and the
regional meteorological telecommunication networks

provided by RTHs to facilitate the exchange of data
and products in the appropriate form between the
global and regional parts of the system;
o

Completing the planning and implementation of
computerized telecommunication functions at RTHs

to allow the required timely collection and exchange
of observations and products;
•

Reviewing and upgrading the structure and operations

of the Regional Meteorological Telecommunication

Standards in data representation and operational procedures
will be introduced on a broad scale. Regular information
will be provided to Members on the operation of the
WWW system and methods will be developed to correct deficiencies promptly.
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Current status
171. The WWWDM concept has been introduced into the
WWW Programme as a new feature to support the full integration of the operational WWW components. A scheme
for real-time monitoring of the quality and availability of
data and verification of products has been established and
lead centres have been nominated to provide regular feedback to Members. Binary representation formats are being
introduced and the increasing use of computers has paved
the way for more efficient data handling and exploitation.
Further efforts are necessary to update and fully implement
the WWWDM concept as an integrating element of WWW
operations and, in particular, to develop an effective realtime monitoring system with corrective measures.
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technology support, operational information service, and the
WWW referral catalogue.
175. The purpose of the WWW Operational Information
Service is to collect and distribute information provided by
Members on facilities, services, data and products made available under the WWW on an operational basis. This includes
regular updating of basic directories of station lists and
telecommunication arrangements for the global and regional
exchange of data and products within the WWW system.

Planned activities
172. The planned activities of the WWWDM comprise:
•

Design and implementation of database functions
for data and products at WMCs, RSMCs and
RTH/NMCs, with special emphasis on regional and
national requirements;

•

Implementation of automated monitoring functions
and quality-control procedures both for global data
and for WMC and certain RSMC products, with
provision for corrective action;

•

Introduction of techniques to ensure that WWW
data and products are accessible to Members in a
convenient form to meet operational and research
requirements;

•

Promotion of the standardization of procedures and
tools for meteorological data management;

•

Development of concepts and criteria for the coordinated exchange of meteorological applications
software within the WWW system;

•

Provision of technical co-ordination and guidance on
data and software management in automated systems;

•

Provision and exchange of information on the status
of WWW operations in real time.

WWW Systems Support Activity (SSA), including the
Operational Information Service (OIS)

Purpose and scope
173. The purpose of SSA is to provide guidance, advice
and support to Members in the planning, establishment and
operation of the WWW, in order to achieve the most effective implementation of the WWW and the most economical
use of resources. The development of standard solutions to
common operational problems, and their implementation,
through co-ordinated pilot projects will be promoted.
174. SSA includes training, technical advisory service,
technical co-operation support service, system and methodology support, operational WWW evaluations, advanced

Current status
176. WWW Systems Support Activity is being carried out
through two Operational WWW Systems Evaluations,
WWW publications, Manuals and Guides, and training
activities and technical co-operation in co-ordination with
other WMO programmes.
177. A highly cost-effective and rational approach to the
overall WWW implementation process is adopted.
Technological developments suitable for introduction into the
WWW system are bringing about new and changed demands
for technology transfer, training and technical assistance
activities in many national Meteorological Services. An
improved WWW system will require standardized, homogeneous and compatible observing, data-management,
communication and data-processing components. Co-operative support and exchange and publication of information are
necessary to ensure the proper use of available resources.
178. Information on the operation of the WWW system is
at present issued in the form of a regular supplement service
to the basic WWW directories, which include the list of
observing stations, observing platforms on ships and buoys,
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directories for the regular exchange of data and products on
the GTS, etc. This information is provided to all WWW
centres in printed form and where required on magnetic
tape. Complementing the supplement service, relevant
operational WWW information is issued weekly as telex
messages (METNO and WIFMA) over the GTS and also
monthly in the form of a Monthly Letter on the Operation of
the WWW and Marine Meteorological Services. Some of
the public information activities on the WWW are carried
out under this programme.

Planned activities

•

Technical Advisory Services: provision of guidance
and support to Members on the design, installation,
operation and maintenance of key WWW facilities,
including appropriate new technology and exchange
of meteorological applications software;

•

Technical Co-operation and Support Service: assistance to Members in determining their technical
co-operation requirements and to co-ordinate assistance provided under other programmes with WWW
needs and priorities;

•

Operational Information Service: continuation and improvement of the current flow of information, making
full use of computer/communication technology;

•

Referral catalogue: provision of information to
Members on the evaluations, usefulness, performance,
etc. of WWW operational components and elements

179. The planned activities of the WWW SSA are:

•

Training: assistance to Members in training their staff
to operate WWW facilities and to take full advantage
of information and services provided by the WWW;

Preparation of
recommendations for

co-operation with other
technical commissions and
other international
organizations_ regarding
improvement of
meteorological data

Regular comparisons of
regional or national standard
instruments with
i11Lernational standards

Technology transfer
New instruments and
methods of observation
Exchange of experience

Regular comparison of
national standard instruments
Guidance and
regulatory material;
- Guide (Cl MO)

Training in instrument
handling, maintenance
and calibration

- Manual on COS

- Te.chnica/.Regulations
- Data quality control
- PerfQrmance requirements
for instruments
-Algorithms for automated
observation and
instrument systems
Preparation of WMO Training·
Manual and audio-visual aids
on instruments and methods
of observation

Regu·lar calibration of
operational meteorological
instruments against national
standards according to WMO
Regulations

Establishment of national
instructions derived from
Guide (CIMO).and Manual

on COS

Collaboration with
International Organ'ization
for Standardization (ISO)

Figure

24 - Hierarchy of the main activities of the WMO Instruments and Methods of Observation Programme. In order to
ensure the high quality of observational data and the compatibility of observations, WMO is involved in training,
defining technical standards, intercomparisons of instruments and quality-control procedures
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such as computer hardware and software, observing
systems, NWP models;

•

Operational WWW Systems Evaluations (OWSEs ):
evaluation of the possible impact and applications in
the WWW of new systems and techniques;

•

Co-operative arrangements: support and co-ordination
of arrangements between Members in the establishment and operation of facilities, especially in extraterritorial areas;

0

Co-operation with other bodies: working with various
groups, including those outside WMO, to obtain assistance in the planning and operation of the WWW
system, as appropriate.

Instruments and Methods of Observation Programme
(IMOP)

mated data-reduction techniques, it is necessary continuously
to update guidance material, further organize instrument
comparisons and to make known new scientific and technological developments. There is a growing requirement for
newer types of measurements in related geophysical disciplines in order to address meteorological and climatological
questions concerning the wider environment.

Planned activities
183. The planned activities of the Instruments and Methods
of Observation Programme are:
•
Improving the ability of Members to produce
measurements of adequate quality to meet national
requirements and to meet the needs of many WMO
programmes;

•

Establishing and maintaining international standards
of measurement of meteorological and related variables, and enabling Members to select cost-effective
equipment on the basis of results of instrument
comparisons in order to improve data compatibility;

0

Preparation of guidance material on new instruments
and methods of observation to facilitate their selection
and introduction into operational use;

•

Assisting Members in the organization and use of
effective maintenance methods including calibration
aspects, and in the introduction of operational quality

Purpose and scope
180. The purpose of the !MOP is to provide technical
standards, guidance and quality-control procedures for meteorological instruments and observation methods. It also
fosters the development of new and improved instruments,
methods of observation, and data reduction and qualitycontrol techniques.
181. The !MOP is concerned with all instrumentation and
methods of observation for meteorological purposes, includ-
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ing both proven conventional and advanced techniques such

control including the automatic 4_uality evaluation of

as remote sensing and large measuring systems.

meteorological measurements in non-real time;
o

Provision of training and transfer of technology by
different means, such as technical conferences, training ·workshops, correspondence courses, audio-visual
material and computer-aided learning for instrument
specialists.

WMO Satellite Activities (WMOSA)

Purpose and scope
184. The purpose of WMO Satellite Activities is to facilitate the provision of high-quality global satellite data and
products to meet Members' needs and to support relevant
programmes of other international organizations.
185. WMOSA encompass all meteorological and related
environmental satellites, both polar-orbiting and geostationary, operated by WMO Members, and the associated data
processing and dissemination.

Current status
182. Many advances have been made in the development
and promulgation of regulatory and guidance material, in
instrument intercomparisons, in the development of standard
methods for meteorological measurements and the preparation of data sets, and in training of instrument specialists.
But, since progress in related science and technology is being
made continuously, particularly in remote sensing and auto-
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Figure 25 - Public warnings of severe weather events such as this tornado, which struck Edmonton,
Canada, on 31 July 1987, help reduce loss of life and damage to property
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Current status

186. Currently, polar-orbiting satellites are operated by the
USA and tbe USSR.* Geostationary satellites are operated
by EUMETSAT, ESA, India, Japan and the USA. Plans have
been developed by both tbe USSR* and China for the launch
of geostationary satellites in the early and mid-1990s respectively. Continuity is good but from time to time satellite
failures or launch delays result in important gaps in
the provision of meteorological information to Members.
Assuring the continuity of operational satellite progranunes
will require increased efforts as regards tbe provision of
funding and technical support. Most Members receive satellite photos through the low-resolution Automatic Picture
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189. The TCP encompasses the entire meteorological,
hydrological and disaster-prevention/preparedness elements
of tropical cyclone disaster mitigation through co-ordinated
and co-operative action. Hence it is closely related to the
observational, data-processing and telecommunication

components of the WWW, to the Operational Hydrology
Programme, and to disaster-prevention and preparedness
measures in close co-operation with tbe Office of the UN
Disaster Relief Co-ordinator (UNDRO), the League of Red
Cross and Red Crescent Societies (LRCS) and otber appropriate disaster-preparedness bodies.

Transmission system but relatively few have access to the

high-resolution data which permit quantitative work on both
satellite images and soundings of the atmosphere. Many
Members require assistance as to how best to use satellite

data and products and adapt tbeir facilities to tbe latest developments in satellite technology.
Planned activities

187. The planned activities of WMO Satellite Activities
comprise:

Current status

•

Review of the requirements for meteorological and
other environmental satellite data;

190. The TCP comprises two components: a general component dealing with methodology and transfer of technology,
and a regional component devoted to tbe activities of regional
tropical cyclone bodies within the programme.

•

Collaboration witb meteorological satellite operators
on definition and co-ordination of satellite missions;

191. Substantial progress has been made in strengthening
capabilities at both national and regional levels to minimize

•

Provision of information on developments in the field

•

Provision of advice to Members on the use of satellite
information and related matters;

•

Support to the implementation of advanced satellite
receiving and data-handling systems;

•

Organization of training events in satellite meteo-

of satellite meteorology;

rology;

loss of life and property damage from tropical cyclones,

largely through the programmes of tbe five regional bodies
devoted to this task. Further work is needed to upgrade
capabilities in providing better forecasts and more effective
warnings through establishing basic and special observational networks, suitable data-processing facilities and
reliable telecommunication systems as well as in imple-

menting appropriate disaster-prevention and preparedness
measures.

•

Provision of support to the scientific and technical
developments in satellite meteorology;

Planned activities

0

Promotion, where appropriate, of the use of nonmeteorological satellites for meteorological and
hydrological purposes;

Programme are:

•

192. The planned activities of the Tropical Cyclone
•

Identification of the requirements of the national
Meteorological/Hydrological Services during tropical
cyclone threats for specialized products and advisory
information as needed from RSMCs;

•

Promotion of the effectiveness of the functioning
of RSMCs with activity specialization in tropical
cyclones to provide products identified above, including tbe strengthening of communication links between
those Services and the RSMCs;

•

Development of the services through training of
personnel and provision of special facilities required

Support to the UN activities for tbe peaceful use of
outer space.

Tropical Cyclone Programme (TCP)
Purpose and scope

188. The purpose of tbe TCP is to assist Members in areas
vulnerable to tropical cyclones in their efforts to minimize

loss of life and destruction caused by tropical cyclones and
associated phenomena by improving forecasting and warning systems, and disaster-prevention and preparedness
measures.

* Obligations

and other agreements of the former USSR with
WMO will be continued by the Russian Federation.

for tropical cyclone and flood-warning services;

•

Enhancement of international and regional cooperation and co-ordination in meteorology and

hydrology;
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•

Acceleration of transfer of technology and knowledge
related to tropical cyclone and flood warnings as well
as community response thereto;

•

Promotion of public information, awareness and
education regarding tropical cyclones;

•

Surveys, studies, project formulation and implementation related to improvements in the existing
arrangements and systems within the region
concerned for provision and dissemination of warnings and related advisory information.

WMO Antarctic Activities

Purpose and scope
193. The purpose of WMO Antarctic Activities is to coordinate meteorological activities in the Antarctic. This
includes co-ordination of the relevant aspects of the implementation of the World Weather Watch and other WMO
programmes, as well as co-operation with other international
organizations, such as the Antarctic Treaty Consultative
Meeting (ATCM), the Scientific Committee on Antarctic
Research (SCAR) of the International Council of Scientific
Unions, and the Intergovernmental Oceanographic
Commission (IOC) and the Joint Scientific Committee
(JSC), which have activities in the Antarctic.

Current status
194. The Antarctic continent with its sunounding seas forms
an area of increasing meteorological and environmental

interest in respect of both scientific and operational activities.
The current basic synoptic network for the Antarctic
comprises 39 stations on land. Some of them are carrying
out environmental monitoring of carbon dioxide, ozone and
other trace constituents to determine their effect on global
change. In addition, there are about 40 automatic weather
stations operated by the USA, Australia and other countries.
As regards mobile ship stations, the number of ship reports
received from collecting centres in the Antarctic has
increased substantially. The use of drifting buoys in surrounding seas has been steadily increasing in recent years.
195. In addition to normal meteorological functions,
special data processing is carried out by four stations in
Antarctica. The collection of observational data at Antarctic
collecting stations is achieved by using mainly HF transmission. These data are inserted into the GTS increasingly by

Air-sea
interactions

Figure 26- The climate system (Courtesy UK Meteorological Office)
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means of satellites. Observational data and processed information are exchanged directly between Antarctic stations

periods in most countries. In some countries the data are

either over point-to-point circuits or via HF radio broadcasts. Data are also received at Antarctic stations via HF

well archived and available for study to determine past
recorded variability. In others, the data are less well archived

radio broadcasts operated by centres located outside
Antarctica and by satellite.

Planned activities
196. The planned Antarctic activities comprise:
•

Co-ordination of the implementation of observation

programmes of surface, upper-air and other meteorological observations in the Antarctic;

•

Promotion of the development of the most appropriate
scheme for collection and dissemination of meteoro-

logical data within and outside the Antarctic;

•

Promotion of the development of weather forecasting
and warning services in the Antarctic and its sur-

rounding sea areas;

•
•
•

Study of problems relating to instruments and methods
of observation peculiar to the Antarctic;
Promotion and co-ordination and operational activi-

ties in relation to environmental monitoring, including
climate change;
Co-ordination with other groups or bodies such as
ATCM, SCAR, IOC, JSC, WMO's technical commissions, etc. with regard to aspects of Antarctic
meteorology of particular relevance to their activities.

200. Climate data have been accumulated over various

and in some cases good sets of observations are widely

distributed amongst a number of centres. The bringing
together of all past climatological data and their integration
with present-day records is an important prerequisite to the
use of climatological data for planning and sustainable development. On the other hand, such climatological records do
not generally provide adequately homogeneous coverage of
the globe, as required to characterize the planetary-scale
mechanisms which underpin global climate change.
20 l. Against the background of heightened prospects for
climate change within the lifetime of a large part of the
world's present population, the impact of climate on the whole
social and economic fabric of society, in all countries, has now

assumed an even greater importance than it did when the
World Climate Programme was initiated more than a decade
ago. Also, against the same background, the growing pressure
on the scientific community to predict future climates emphasizes the importance of research as the means of improving

understanding of the nature of climate, its variability and
response to natural events and to human activities.

202. Climate change may have positive and negative
impacts. In some areas, a warmer climate, especially if

accompanied by more humid conditions, would result in
agricultural gain. However, it is potential loss that would be
of the most concern to any planner or decision-maker and,
certainly, if some marginal areas become drier, disastrous
conditions for various sectors of socio-economic develop-

ment may be expected.

WORLD CLIMATE PROGRAMME
197. Climate affects all human activities and, as stated by
the Second World Climate Conference (SWCC), 'variations
of climate have profound effects on natural and managed
systems, the economies of nations and the well-being of
people everywhere'. Climate is a major natural resource

which can be used to benefit nearly all the activities of
mankind. Climate-data analysis can serve appropriate crop
selection, thus increasing food production. Climate information can be used to predict crop yield and livestock on
a seasonal time-scale, and to determine irrigation, water
and energy requireme~ts, thus helping to optimize socioeconomic development.

198. The decade covered by the Third Long-term Plan may
witness an unequivocal detection of climate change due to
anthropogenic emissions of radiatively active gases into the

atmosphere and other human activities. Such unequivocal
detection, however, will require the creation of the Global
Climate Observing System (GCOS), to strengthen knowledge
on climate processes and human interactions and to provide

the basis for operational climate monitoring and prediction.
199. Climatic disasters occur often - e.g. major droughts,
which ravage vast areas for years; on longer time-scales
significant climate. change may be contemplated, resulting in

adverse effects such as flooding of coastal plains by a rise in
sea-level due to climate warming.

Purpose and scope
203. The purpose of the World Climate Programme (WCP)
is both to aid countries in the application of climatic knowledge to benefit the planning and management of many
aspects of human endeavour and to develop the capability to
warn governments and the public of possible future variations and changes in climate (either natural or man-made)
which may significantly affect mankind. To accomplish its
purpose, the WCP must embrace the study and monitoring
of the entire climate system, which is composed of the
global atmosphere, oceans, cryosphere and land surface.

The WCP acts as an integrating and catalytic agent to coordinate current activities and to stimulate new ones in order
to achieve its objectives.

204. The World Climate Programme provides an interagency interdisciplinary framework to address the full range
of climate and climate-change issues, including research
into the economic and social consequences of climate and

climate change. The Programme therefore embraces the
scientific and technical aspects of socio-economic and en-

vironmental issues related to the development of response
(mitigation and/or adaptation) strategies in respect of
climate change. The WCP is the major international
programme supporting the work of the Intergovernmental
Panel on Climate Change, the process of implementation of
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the proposed Framework Convention on Climate Change
and relevant activities that may follow the United Nations
1992 Conference on Environment and Development
(UNCED).

international organizations (e.g. the Food and Agriculture
Organization, the World Health Organization, the United
Nations Development Programme) will be sought for the
implementation of relevant aspects of the WCP. Cooperation with major international programmes such as the
International Geosphere-Biosphere Programme will be
extended as the Programme develops further during the
decade.
207. In view of the complexity of the WCP and the
involvement of several international organizations in the
Programme, institutional arrangements have been made for
the co-ordination of the activities under the WCP. These
arrangements are being implemented with support of WMO
Climate Change Co-ordination Activities.
World Climate Data and Monitoring Programme

Purpose and scope

Structure
205. The WCP is composed of the following major components:
•

World Climate Data and Monitoring Programme
(WCDMP);

•

World Climate Applications and Services Programme
(WCASP);

•

World Climate Impact Assessment and Response
Strategies Programme (WCIRP);

•

World Climate Research Programme (WCRP);

and, as decided by the Eleventh World Meteorological
Congress, should be supported by the Global Climate
Observing System (GCOS) as an essential activity associated with the World Climate Programme.
206. WMO is responsible for the implementation of the
WCDMP and WCASP. The United Nations Environment
Programme (UNEP) is responsible for the WCIRP. The
WCRP is being jointly implemented by WMO, the
International Council of Scientific Unions (ICSU) and
UNESCO's !OC. Co-operation with several other

208. The purpose of the World Climate Data and
Monitoring Programme is to support Members in their aims
to achieve timely access to reliable climate data in acceptable formats to support climate applications, impact studies
and research. Progress in climate applications, monitoring
and research, the assessment of impacts on climate, and the
development of strategies to mitigate potentially adverse
effects of climate variations and change all depend on the
availability of climate data. Therefore, the World Climate
Data and Monitoring Programme is a cornerstone of the
WCP and, as stated by the Second World Climate Conference, data acquisition, collection, management and
analysis must be more vigorously supported in all countries
and special assistance provided to developing countries
through international co-operation. The elements of the
WCDMP address the specific needs expressed by Members
and those of other international organizations involved in the
WCP. Overall climate-data management transcends WMO
programme boundaries since the climate system is so broad;
some aspects are within the scope of other international
organizations. Thus the WCDMP involves co-ordination and
collaboration with all WMO programmes and with several
other international organizations.

Current status
209. Particular efforts are aimed at rescuing and preserving
old records; automating climate-data management at the
national level; improving data-management procedures,
including creation or updating of global and regional baseline data sets; compiling information on station networks,
data sets and sources; and disseminating information on
significant climatic events and climate change of regional
and global consequence.

Planned activities
210. The planned activities of the WCDMP during the
decade comprise:
•

Establishment and oversight of a Climate Change
Detection Project to provide a regular assessment and
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microfilming deteriorating manuscript data records;

providing expert visits; co-ordination meetings aimed
at establishing sub-regional or regional climate-data
and user service centres and reference climatological
stations; compilation of data sets, inventories and
catalogues; conducting workshops and seminars;
promoting computerization of centres and co-ordi-

nation among data centres) so that by 2001, at least
95 per cent of Members will have effective complete
climate-data management systems;
•

Transfer of technology in climate data-management
and user services by providing information on and
assisting with the upgrading of appropriate microcomputer hardware and data management and applications

software, accompanied by the necessary training;

authoritative statements on the interpretation and

•

Co-ordination of the development of global and regional
baseline climate data sets, particularly for reference
purposes in detecting and assessing climate change;

•

Review of climate data requirements every four years;
improvement of the monthly CLIMAT data coverage;
establishment and expansion of a reference climatological station network;

•

Updating the climate data referral system (INFOCLIMA) every two years and integrating the
computerized climate data referral system with the
microcomputer data management system;

•

Co-ordination of a global climate system monitoring
(CSM) capability, including monthly CSM bulletins,

applicability of databases for the detection of climate
change on regional and global scales;

•

Assistance to countries to improve climate-data
management systems and user services (through

Figure 27 - A typical climate archive. Data form the cornerstone of all scientific investigations of climate. Climate data for
Canada are stored on 10 000 reels of magnetic tape, each 2 400 feet long (Photo: Environment Canada)
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special advisories, annual CSM summaries and bien-

nial climate reviews;
•

•

Co-ordination with the planning and implementation

of a Global Climate Observing System as specified by
the Second World Climate Conference.

•

World Climate Applications and Services Programme
Purpose and scope
211. The purpose of the World Climate Applications and
Services Programme is to promote applications of existing

•

Upgrading user information requirements for climate

information and applications (including needs for
'operational climatology', i.e. involving the use of
near-real-time information);
Development of descriptions and evaluations of
climate impacts (including those due to changes in the
composition of the atmosphere) on food production,
with the goal that by the year 2000 WMO Members
will have analysed the effects of climate on at least
major crops in their country;

Regular assessment of climate implications in waterresource management by making more effective use

climate information to the priority areas of food, water,
energy, urban planning and building, as well as to other areas
such as climate and human health. The increasing emphasis
which is placed throughout the world on improved economic
development and human well-being and the wise use of natural resources enhances the importance of the WCASP.

of climate information, enhancing the understanding of the relationship between climate and water
resources as well as the impact of climate variability,
and improving the availability of hydrological data for
the study of climate variability and change;
•

Further evaluating climate implications in energy
matters, assessing the effects of climate and climate
change and facilitating practical applications of
climate information and methods in various areas of

energy conservation, production and distribution. The
objective is for Members to have determined climate/
meteorology implications in energy for at least major
energy areas in their countries by the year 2000;
•

Determination of climate implications in the areas of

urban planning and building, especially in tropical
climates, and facilitating practical applications of
meteorology in those areas;
•

Further development of activities in other areas such
as climate and human health, tourism and recreation,
transport, etc., including the promotion of co-operation in applied research and operational activities

between Meteorological/Hydrological Services and
the users; documenting the effects of climate and
climate change; formulating requirements for information; and producing guides, training material,

handbooks, etc., with emphasis on what is needed to
further the use of microcomputer systems;

•
Current status
212. The WCASP includes the following areas of activity:
Food (in co-ordination with the Agricultural Meteorology
Progranune); Water (in co-ordination with the Hydrology
and Water Resources Programme); Energy; Urban and
Building Climatology; and Other Applications. Within
each of these areas, the WCASP conducts similar types of
activities such as implementing a Climate Applications
Referral System (CARS), training, and development of usertailored products, including manuals and software climate
application packages.

information on the economic benefits of climate

applications, with the goal that Members will have
effective services in several application areas by the
year 2000;

•

Continued assistance to combating the effects of
droughts through better use of climatic, meteorological and hydrological knowledge in drought-prone
WMO Regions;

•

Upgrading and computerizing CARS in all of the
major climate application areas by the year 2000;

•

Promotion of the development of new climate application methods, including further development of

Planned activities
213. The activities planned for the WCASP during the
decade 1992-2001 include the following:

Assisting national climate applications services to

employ existing practical methods within effective
national climate application programmes through the
preparation of guides and provision of technical help
to Members, and the development and exchange of
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advanced operational climate application techniques
regarding the relationship between climate and food
production, fisheries, effects of drought, forest types,
water conservation, rural use of solar and wind
energy, human settlements, building and construction,
human health, transportation and land-use planning;

mentation of the WCIRP. The planning time-frames of
UNEP are different from those of WMO. The long-term
plan of the World Climate Impact Assessment and Response
Strategies Programme is subject to approval by the UNEP
Governing Council and will be implemented to the extent
that financial resources are available.

Promotion of training events on applications of
climate information.

216. The activities within the programme continue to be
concentrated on the reduction of the vulnerability of food,
water and energy systems to climate, and on the development and applications of methodologies for assessment of
the socio-economic impacts of C02 greenhouse-gasinduced climate change and for the identification of
appropriate responses. Particular attention is also focused
on the effects of catastrophic droughts. As recommended
by the Second World Climate Conference, greater emphasis
will be given to determining adaptation and mitigation techniques, including assisting governments, particularly those
of developing countries and small island countries, to estimate the costs and benefits of dealing with climate change
and identifying the available technology and technology
needs on a country-by-country basis. Public information
and education activities combined with the intensified flow
of scientific and technological expertise to developing
countries aiming at the development of their intellectual
resources as well as their technical and institutional capacity will also be given high priority.

World Climate Impact Assessment and Response
Strategies Programme

Purpose and scope
214. The purpose of the World Climate Impact Assessment
and Response Strategies Programme (WCIRP) is to introduce climate considerations into the analyses of rational

policy alternatives and to develop a capability to warn
governments of the economic and social impacts of climate
change, both natural and man-made. Priority areas include
the assessment of the social, economic and political consequences of climate change induced by carbon dioxide and
other greenhouse gases; reduction of the vulnerability of
food systems to climate; development and applications of
methods for climate impact assessment; and the assessment

of the impact of climate variability and change in climatically sensitive sectors of the human environment.

Planned activities
217. The planned activities comprise:
•

Assistance to the countries to prepare inventories of
their net greenhouse gas emissions; identification of

impacts of potential global warming, and preparation
of cost estimates and priorities for response strategies
to limit climate change;
o

Development and application of methods for assessing environmental impacts and socio-economic
consequences of a potential climate wanning caused

by greenhouse gases; studies of policy options aimed
at reducing the greenhouse effect and for adapting to
unavoidable climate change; and the dissemination of

knowledge on the subject;
•

Support to progranunes assisting the developing countries to combat the negative impacts of climate events,

particularly droughts, notably in Africa, including
support to the development of the African Centre
of Meteorological Applications for Development
(ACMAD); assessment of the impacts of climate
change on their socio-economic systems and of suitable response measures and their costs;

•
Current status
215. The United Nations Environment Programme (UNEP)
is the responsible organization for the planning and imple-

o

Co-ordination of world-wide climate impact activities

through the establishment of an international network
of national climate impact studies programmes as well
as assisting in the establishment of, and providing
support to, national programmes;
Dissemination of know ledge through the publication
of technical reports and public information materials;
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and the organization of, and participation in, relevant
conferences, workshops and training events.

World Climate Research Programme

Purpose and scope
218. The purpose of the World Climate Research
Programme is to gain improved knowledge of climate mechanisms and determine the extent of human influence on
climate and to what extent climate can be predicted. The
research programme encompasses studies of the global atmosphere, oceans, sea and land ice, and land surface, which
together constitute the climate system of the Earth.

220. Increasing public concern about the problem of global
climate change has resulted in growing pressure on the
scientific community to develop predictions of the climate
response to the increased atmospheric concentrations_
of greenhouse gases, in particular carbon dioxide. Fundamental research is necessary to achieve this gOal. New
computer technology leading to the use of more realistic
numerical models, the development of new satellite
programmes and instruments to observe the oceans and
atmosphere, new communication techniques which make
practical the relay and processing of large amounts of climatological data, and the growing scientific interest in the
global Earth system, are the advances which now make
possible rapid progress in the knowledge of climate processes and climate prediction.
221. The basic strategy of the WCRP is to monitor as fully
as possible the Earth's climate system on time-scales ranging
from months up to decades and thereby to understand the
fundamental energetics of the atmosphere, the hydrological
cycle, ocean circulation, ice dynamics, and exchanges
between the different components of the system. The strategy also calls for validating climate models by comparison
with observed shorter-term climate variations. Increasing
collaboration with ICSU in studies of global change (the
International Geosphere-Biosphere Programme) will lead to
expanding the activities of the WCRP in the field of global
bio-geochemical processes. At present, meteorological
observing systems are keyed to needs of weather forecasting;
a major WCRP component is the development of observing
systems meeting the needs of climate process monitoring,
which will also contribute to the implementation of GCOS.

Planned activities
222. The main activities of the WCRP during the period
1992-2001 will be:

•

Climate model development, with the aim of improving
the formulation of relevant climate processes by means
of numerical experiments and comparison of model
results with observations. Also included are the development of data-assimilation techniques for derivation
of global fields of climatological quantities, and the
assessment of the effect of change in atmospheric
composition on the Earth energy budget and climate;

•

Research on climate processes based on detailed
modelling and observations, including study of the
Earth radiation budget, surface radiation fluxes and
cloud-radiation feedback, transport of energy, momentum and material (chemical) species in the atmospheric
boundary layer, and study of the Arctic climate system
(atmospheric, sea-ice and ocean processes);

•

The Global Energy and Water Cycle Experiment
(GEWEX), with the objectives of observing, understanding and modelling the global atmospheric
hydrological cycle, energy budget and exchanges with
the underlying surface. The GEWEX will progressively become the main focus of atmospheric climate
studies in the WCRP, incorporating a range of specific

Current status
219. Addressing the complex range of problems and activities involved in the WCRP requires input from many
scientific disciplines and co-operation between governmental
and non-governmental organizations and scientists. From
1979 to 1991 the WCRP was jointly organized by WMO and
the International Council of Scientific Unions (ICSU). In
order to increase effective co-ordination of climate research
and monitoring programmes, the Eleventh Meteorological
Congress decided that UNESCO's Intergovernmental
Oceanographic Commission (IOC) should be invited to join
WMO and ICSU in formally eo-sponsoring the WCRP.
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projects (e.g. intercomparison of simulation methods
for land surface processes, global precipitation climatology) and will promote the development of new
satellite observations for global climate research and
monitoring;
•

Study of the Tropical Ocean and Global Atmosphere
(TOGA), with the objective of describing, modelling
and predicting the evolution of the coupled tropical
ocean-global atmosphere system. The duration of
TOGA was originally set for a ten-year period ending
in 1995. The final years of TOGA should be used to
consolidate the observing networks and data-processing systems introduced for the project for operational
purposes;

•

The World Ocean Circulation Experiment (WOCE),
comprising a global oceanic circulation-modelling
programme and five-year intensive field phase (which
began in 1990), including observations by oceanographic satellites and detailed in situ oceanographic
surveys. The WOCE aims at understanding, on a
global basis, the key aspects of the world ocean
circulation and ocean heat and salt transport;

•

Study of global change (in collaboration with the
ICSU International Geosphere-Biosphere Programme),
in order to understand how the Earth's land, sea and
atmosphere interact through the combination of
physical, chemical and biological processes and to
develop coupled dynamical-chemical models of the
Earth system. This includes in particular the study of
atmospheric transport and mixing processes relevant to
global atmospheric chemistry and modelling the distribution and effects of greenhouse gases;

•

Support to the development of a Global Climate
Observing System (GCOS), including objective
assessments of global climate data requirements and
of the effectiveness of various possible systems or of
their combination.

Climate-change Co-ordination Activities
Purpose and scope

223. The purpose of these activities is to ensure the
necessary co-ordination within each of the main WCP
components and between them; to fulfil WMO's role in
order to support intergovernmental mechanisms such as the

Intergovernmental Panel on Climate Change, of which
WMO is one of the parent agencies; and to contribute to
the efforts to maintain and further develop inter-agency
co-ordination of activities on the climate-change issue,
including the development of international agreements on
climate and its protection. Furthermore, public information
aspects of the WCP and of the climate-change issue in
general are also covered.
Cu"ent status
224. Co-ordination of the activities within each of the main
component programmes is effected as follows: the WCASP

and WCDMP are co-ordinated by the Advisory Committee
on Climate Applications and Data (ACCAD) established by
WMO; the activities of the WCIRP are co-ordinated through
the Scientific Advisory Committee (SAC) constituted by
UNEP; the WCRP is co-ordinated through the Joint
Scientific Committee (JSC), constituted by WMO and ICSU.
Ocean-related WCRP projects are co-ordinated with
UNESCO's Intergovernmental Oceanographic Commission.
225. Overall co-ordination between the four WCP component programmes and effective communication and
co-ordination with other related international climate activi-

ties is provided through the Co-ordinating Committee for
the World Climate Programme (CCWCP), a committee
composed of the chairmen of the steering and/or advisory
committees of the main components of the WCP, the chairmen of the various climate-related bodies such as the
Intergovernmental Panel on Climate Change (IPCC), the
Intergovernmental Negotiating Committee for a Framework
Convention on Climate Change (INC/FCCC), the Scientiftc
and Technical Committee for GCOS, and the representatives
of major data centres. High-level inter-agency co-ordination
is also provided for through regular meetings of the
Executive Heads of the participating agencies. Routine over-

all co-ordination is accomplished by the WMO Secretariat in
co-operation with Secretariats of other partner organizations.
Planned activities
226. The main activities will include:
•

Maintenance and strengthening of a mechanism for

the effective co-ordination of climate-change-related
activities within the four components of the World
Climate Programme;

•

Participation in, and pursuing the co-ordination of,
international activities relating to the climate-change

issue, including those outlined in the relevant UN
GeneralAssembly resolutions;
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•

Support to, and prov!Slon for, an international
framework for intergovernmental action and bodies
regarding the climate-change issue;

such improvements would enhance capabilities to predict
local and long-range transport of pollutants and estimation of
climate change that may result from human impact.

•

Development of an adequate and viable structure of
public information on the climate-change aspects and
international efforts to deal with them, including
. WMO activity within the WCP and other relevant
programmes.

231. Significant advances in short- and medium-range
weather-prediction methods have been made during the last
decade. More advances are expected in the next decade with
the development of more precise ways of depicting the interactions between small- and larger-scale weather systems, and
better quality-control and data-error correction methods. In
numerical weather prediction the focus has gradually shifted
to developing the capability to forecast more exact timing
and intensity of small-scale systems and to accurate predictions of surface temperature, wind and precipitation.

Atmospheric Research and Environment Programme
227. After many years of atmospheric monitoring and
research activities, there is now clear evidence that mankind
has significantly altered the atmosphere on a global scale.
An example is the depletion of the stratospheric ozone layer.
It is now of paramount importance to improve scientific
understanding of how human activities affect the Earth's
environment and to improve the capability to predict both
short- and long-term change.
228. The main elements of the environmental research and
monitoring activities of WMO are the ozone-monitoring
system (G0 30S), which began operation in the early 1950s,
and the network to monitor background atmospheric composition, including greenhouse gases (BAPMoN), which
commenced operation in the mid-1960s. They now are the
basic components of the Global Atmosphere Watch (GAW),
a system which enables WMO to provide advice to its
Members and respond to the ever-increasing world-wide
concern about the consequences of changes in the atmospheric environment.
229. The present WMO programme for monitoring and
research must be improved significantly in order to derive
the information required for environmental prediction to
achieve .sustainable development. Furthermore, monitoring
of the atmosphere must be linked with monitoring of the
hydrosphere and biosphere, since they largely overlap and
strongly interact with each other. As a first step, the
comprehensive Global Atmosphere Watch has been initiated
to monitor the chemical composition and related physical
properties of the atmosphere in a more systematic and
comprehensive fashion, and to determine the state, and
changes in state, of the atmosphere. The full development
and operation of the Global Atmosphere Watch, and in
particular its contribution to the Global Climate Observing
System, will be a crucial activity during the next decade.
230. During the past three decades weather forecasting has
developed from systems based on the manual analysis and
statistical-empirical assessment of the likely movement and
development of weather patterns to systems based on sophisticated numerical models of the atmosphere. Substantial
improvements in forecasting skill have been made as more
realistic numerical models of the atmosphere have been
developed and as each new generation of faster and more
powerful computers has become available for use in meteorological centres. Prospects for further improvement in
weather forecasting lie with _progress in numerical models of
the atmosphere, the observational network, data-assimilation
techniques and the application of computer technology. Any

232. Long-range weather forecasting has always been
recognized as a very difficult problem. It is also widely
acknowledged that there would be significant benefits from
monthly and seasonal forecasts of even moderate skill if the
appropriate parameters were predicted and if users interpreted and applied the forecasts correctly. Improvements in
present marginal, but real, levels of skill are expected during
the decade, particularly as coupled atmosphere-ocean
numerical models become better developed.
233. Weather forecasts are just as essential in the tropics as
they are in mid-latitudes. Much progress has been made in
recent years in understanding the behaviour of tropical
weather systems and hence in the improvement of tropical
analysis and prediction. This is attributed to the wide range
of research associated with a number of tropical experiments
within the Global Atmospheric Research Programme
(GARP) and the development of satellite observing techniques for the tropics, complemented by dissemination of
knowledge under the WMO Tropical Meteorology Research
Programme. Yet, the predictive skill in the tropics today is
·considerably inferior to that at higher latitudes. It is thus
important to emphasize research to improve tropical weather
forecasting and storm warnings.

Purpose and scope
234. The purpose of the Atmospheric Research and
Environment Programme (AREP) is to contribute to the
advancement of atmospheric sciences and to assist Members
in providing better meteorological services by fostering
research in meteorology and related environmental fields.
The programme comprises environmental research, monitoring and assessment, research in weather prediction, tropical
meteorology, and cloud physics and weather modification.
235. The transfer of knowledge and proven methodology is
an essential component of the Atmospheric Research and
Environment Programme. It is aimed at ensuring that
Members have available information and guidance to make
the best use of the results of research applied for the benefit
of their national economies and quality of life. The participation of developing countries is an important aspect of the
AREP. Wherever possible within the availability of financial resources, support is provided to developing countries
with particular emphasis on the strengthening of the GAW.
The participation of scientists from developing countries in
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the AREP is also emphasized as a means of enhancing the
transfer of technology.
236. Scientific meetings and technical conferences on various topics will be arranged to exchange research results
among Members. The preparation and distribution of technical reports highlighting the new scientific results and their
application, which has proven useful and valuable, will
continue. Roving seminars, training courses and workshops
will continue to be organized to overcome the difficulties
experienced in developing countries by taking advantage of
the results of new technological and scientific advances.
237. While several programmes of the Organization include
elements of research (e.g. the World Climate Research
Programme within the WCP), the Atmospheric Research and
Environment Programme is the focus of research support for
operational programmes of the Organization.
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•

Global Atmosphere Watch;

•

Programme on Short- and Medium-range Weather
Prediction Research;

•

Programme on Long-range Forecasting Research;

•

Tropical Meteorology Research Programme;

•

Programme on Physics and Chemistry of Clouds and
Weather Modification Research.

Global Atmosphere Watch
Purpose and scope

239. The purpose of the GAW is to facilitate and co-ordinate monitoring and study of the chemical and physical
constituents and properties of the global atmosphere and the
provision of evaluations of the present, and assessment of
future states and behaviour of the atmosphere.
240. The GAW is an umbrella system incorporating international activities aimed at monitoring and studying changes
in atmospheric composition, including ozone and greenhouse-gas changes. As part of the planned Global Climate
Observing System it will contribute particularly to the better
understanding of the general cycles of the greenhouse gases
in the atmosphere-biosphere-ocean system.

241. The main components of the programme, including
both research and observational aspects, are:
•

Global Ozone Observing System;

•

Global monitoring of background atmospheric
composition, including the Background Air Pollution
Monitoring Network;

•

Dispersion, transport, chemical transformation and

deposition of atmospheric pollutants over land and sea
on different time- and space scales;
•

Exchange of pollutants between the atmosphere and
other environmental compartments and integrated
monitoring.

Current status
242. Although the GAW is a new programme of WMO,
two of its components, G0 30S and the BAPMoN,
commenced in the early 1950s and mid-1960s respectively.
They form the basis for the more comprehensive Global
Atmosphere Watch.
243.

The BAPMoN is the only long-term standardized

global environmental monitoring network. Monitoring

activities are carried out by a large number of Members, and
unique information, including changes in some atmospheric

Structure
238. The Atmospheric Research and Environment
Programme has five main components:

constituents, is being obtained. But much effort is necessary
to achieve a better geographical distribution of stations and
to improve quality of observation data. Approximately 30
observatory-type GAW stations conducting a wide spectrum
of measurements needed for assessment of global phenomena, complemented by up to 200-300 regional stations, are
envisaged in a developed Global Atmosphere Watch.
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Figure 28 - The Global Atmosphere Watch observing network which integrates monitoring activities such as the
G0 30S and BAPMoN. This netwmk of stations has been instrumental in determining the changes
in the composition of the atmosphere, the basis of many studies relating to global warming

244. The G030S stations and specialized satellites will be
the backbone of the system to determine the state of the
ozone layer. With auxiliary measurements, these stations
will also contribute to the objectives of the GAW.
245. Measurements made in the GAW network will
provide crucial input and evaluation data for the planned
Global Climate Observing System, for computer models
used for. studying climate changes in the World Climate
Research Programme, as well as to other international
programmes such as the International Geosphere-Biosphere
Programme (IGBP) and to the Global Environmental
Monitoring System (GEMS) of the United Nations
Environment Programme.
Plnnned activities
246. The activities planned within the Global Atmosphere
Watch of the Atmospheric Research and Environment
Programme during the next decade include:
•

Improvement of G0 30S and of its use by reducing
measurement inaccuracies, re-evaluating past records
and promoting concurrent ozone, aerosol, S0 2 and
trace gas measurements; developing a long time-series
of simultaneous global ozone and trace-gas data suitable for trend determination; facilitating the access
to and exchange of data; promoting ozone research
in the relevant areas; investigating the atmospheric
chemistry/climate link; and fostering research in
atmospheric chemistry to improve understanding of
the complex tropo-stratospheric interactions;

•

Improvement of the global background monitoring of
atmospheric composition by further development and
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improvement of the BAPMoN, including implementation of a data quality assurance plan, assessment of
the monitoring results, reporting on the application of
data to satisfy Members' needs, and speeding up the
publication of data from the· network; a substantial
contribution to the planned Global Climate Observing
System and to the World Climate Programme, particularly on greenhouse gases; organizing, with the World
Health Organization, the application of mutual data to
establish the relation between background and impactlevel pollution; achieving partnership in planned
international programmes in global and regional
tropospheric studies, e.g. the IGBP, the Global Tropospheric Chemistry Programme (GTCP), the European
Experiment on Transport and Transformation of
Environmentally Relevant Trace Constituents in the
Troposphere over Europe (EUROTRAC) etc.;

•
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the understanding of atmospheric behaviour as the basis for
the development of improved weather prediction models; to
determine the ultimate limits of predictability of different
phenomena and scales to guide the design of optimum
forecasting techniques for various time and space scales;

and to promote the transfer of forecast methodologies and
experience to all Members. The improvement of weather
forecasting is a continuing priority for all national
Meteorological Services.

Improvement of knowledge and understanding of
the dispersion, transport and chemical transformation
of atmospheric pollutants and the assessment of their
deposition by further development of measurement
methodologies, models and scientific assessments;

supporting the meteorological aspects of the Co-operative Programme for the Monitoring and Evaluation
o{ Long-range Transmission of Air Pollutants in
Europe (EMEP) and various regional sea-pollution
monitoring programmes; development and improvement of impact-level air pollution forecasting
procedures and models;

•

Stimulation of integrated monitoring (IM) to improve
understanding of transfer processes between the
atmosphere and other environmental media, and the

natural cycles of chemicals, primarily those affecting
the climate, in the global atmosphere-(ocean)biosphere system and to develop models for
predicting the future stale of the Earth's system based
on IM data; furthering of studies on modification by
pollutants of chemical, physical and biological
processes at the air/sea interface, on the effect of
global warming on the air/sea exchange of chemicals,
on changing oxidizing capacity of the ocean and the
atmosphere and its effects, and on the role of marine-

derived substances in the changing composition and
physical characteristics of the atmosphere;

•

Dissemination· of knowledge in the above fields
through the publication of technical reports and
guiance materials, the organization and eo-sponsor-

ship of conferences, workshops and training events;
the provision of assistance to Members for initiating

or developing the above activities using the possibilities of the Education and Training Programme,
VCP, UNDP and other sources of assistance.
Programme on Short- and Medium-range Weather
Prediction Research
Pwpose and scope

247. The purpose of the Programme on Short- and
Medium-range Weather Prediction Research is to improve

Current status

248. Large advanced numerical weather prediction (NWP)
centres with sophisticated computer facilities are serving as
a vanguard in pursuing new scientific/technological developments and will be the first to achieve further gains in
weather prediction. Collaboration among countries, co-ordinated by WMO, will enable all WMO Members to benefit
from these achievements through the dissemination of operational forecast results and the exchange of information on
results of research among Members.
249. During the past three decades, progress has continued
in increasing the accuracy of forecasts as a result of
improvements in data-assimilation systems and numerical
weather prediction models, some of which have been made

possible by the increased computer power available. These
developments have been anticipated inter alia in various

WMO planning documents but the anticipation was based
on the extrapolation of existing progress rather than on
rigorous proof that any progress was indeed possible. The
situation is similar today regarding the future improvements
in the accuracy of weather prediction.
Planned activities

250. The main activities for the next decade are:
•

Promotion of studies on significant weather elements
and severe weather phenomena, application of
remote-sensing and automatic systems, objective

interpretation methods, and methods of very shortrange forecasting in order to achieve considerable
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improvement in the prediction of actual weather
elements and phenomena and an improvement of very
short-range weather prediction;

•

Promotion of studies on observational data assimilation techniques (including satellite data), on
limited-area weather-prediction models and on
methods of determining the reliability of forecasts in
order to increase the accuracy of short-range weather
prediction and to extend the useful period of mediumrange prediction of synoptic-scale weather systems.
Regional research activities will also be strengthened
in connection with such topics as Mediterranean
cyclones and other severe weather systems;

•

Dissemination of knowledge through the publication of
technical reports and guidance material, and the organization of conferences, workshops and training events.

251. Several Members have established activity centres
responsible for particular aspects of long-term, high-priority
study projects in the programme. The responsibilities of
each centre with respect to its project will be;
•

To undertake and develop the research work;

•

To make data sets and computer programs available
for other users;

•

To host workshops and courses, and to prepare review
papers and other comprehensive reports for distribution
byWMO;

•

To keep Members informed of their activities.

Programme on Long-range Forecasting Research

Purpose and scope
252. The purpose of the Programme on Long-range
Forecasting Research (PLRF) is to foster Members' research
efforts in the development, introduction and improvement of
operational long-range weather-forecasting systems so that
such forecasts reach a more useful level of skill. The principal emphasis of the PLRF over the next decade will be on
monthly and seasonal forecasting.
253. More than 30 Members are now attempting to
produce some form of long-range forecasts. Their efforts
are showing a level of success which, although generally
still marginal, is considered real and capable of improvement. Programmes of some Members indicate the probable
introduction during the next few years of numerical predictions for a month in advance. Later, their plans anticipate
the use of coupled atmosphere-ocean numerical models for
monthly prediction and their extension to seasonal prediction towards the end of the decade.

Planned activities
253. The activities planned under the PLRF during the next
decade include:
•

Increase of the level of skill and usefulness of monthly forecasts, with particular emphasis on regional

anomalies of precipitation and other meteorological
parameters, through; the establishment of activity
centres; the conduct of international and regional
workshops; the identification of the most critical
needs of users for monthly and seasonal forecasts; the
review of forecast testing and evaluation schemes;
and the introduction of systems to monitor and assess
the performance of operational forecasts as they are
introduced;

•

Achievement of skill in and usefulness of seasonal
forecasts, with emphasis on regional anomalies of
speci_al importance to national economies, through:
the preparation and maintenance of a balanced,
authoritative scientific statement on the state-of-theart regarding all aspects of long-range forecasting for
the provision of advice to governments and planners;
the organization of international and regional conferences; the provision of research progress reports;
and the preparation and publication of appropriate
scientific and technical reviews and reports.

Tropical Meteorology Research Programme

Purpose and scope
255. The purpose of the Tropical Meteorology Research
Programme (TMRP) is to achieve a better understanding of
the behaviour of tropical weather systems and improve
tropical forecasts through the promotion and co-ordination
of the research efforts of Members, including the optimum
use of both routine observations and those from tropical
experiments.

Current status
256. Recent progress in tropical meteorology research is
largely attributed to results arising from tropical experiments
within the Global Atmospheric Research Programme
(GARP) and the development of satellite observing techniques for the tropics. A large amount of tropical research
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- To inform Members periodically, through existing
information channels, about the research activities
of the centres. Experience of activity centres so far
established in support of the TMRP has produced
some important successes, e.g. in strengthening

links with global centres through visits of personnel
and interpretation of forecast products;
•

Promotion of action aimed at the better understand-

ing of tropical systems and improvement in their
prediction: development of numerical models of
monsoon prediction; improved understanding of
tropical cyclones and cyclone forecasting; studies of
rain-producing systems in connection with unusual

weather and the interaction between tropical and midlatitude weather systems;
•

Provision of effective transfer of scientific knowledge
and its operational application, particularly regarding
meteorological aspects of tropical droughts and the
operational use of numerical weather prediction products for tropical forecasting.

Programme on Physics and Chemistry of Clouds and
Weather Modification Research

Purpose and scope
258. The main purpose of this programme is to stimulate
Members' collaboration and participation in basic research

using data from the GARP experiments is still going on and
will continue. Data from the WCRP Tropical Ocean and
Global Atmosphere (TOGA) project will be of increasing
importance as the decade progresses. Developments in

numerical modelling of tropical weather systems are encouraging for the future. Recent results of efforts which offer
particular encouragement are (a) the improved quality of
tropical forecasts, especially of tropical cyclones, in highresolution global models, and (b) llrogress in the
interpretation of satellite data. Achievement of the longterm objectives of the TMRP will depend on the
improvement of short- and medium-range prediction in the

tropics, the improvement of long-term (up to a season)
prediction, and further development of satellite observing
and communication systems.

Planned activities
257. The activities of the TMRP planned for the next
decade include:
•

Development and implementation of specific highpriority projects; the organization of symposia,
conferences and workshops; the preparation and
publication of technical reports; and facilitating the
exchange of scientists, including the scientific training
of meteorologists. Activities will be facilitated by the
use of a series of activity centres. The major responsibilities of these centres are:
- To undertake, on a voluntary basis, the work
specified for the projects of the TMRP and to
prepare and publish review papers for distribution
to those interested;

in physics and chemistry of clouds and to encourage application of this research to all fields where clouds have a
major role. These include, inter alia, parameterization of
clouds in atmospheric models, the role of clouds in the
radiative balance, chemical transformation of pollutants,
weather-modification possibility, etc.

259. In the latter case, the programme provides information
to Members on the rationale underlying all aspects of
weather modification. It strives to identify uncertainties that
inhibit progress and to encourage activities that contribute
to their resolution. Information on current world-wide
weather-modification activities should be maintained and

periodically published. The programme includes all forms
and scales of intentional and unintentional weather modifi-

cation from individual cloud up to the mesoscale. National
activities in this field as well as the desirability to provide
relevant national institutions with synthesized reviews of
cloud-seeding experiments, guidelines on weather-modifi-

cation activities and the periodically updated register of
existing methodologies and experience are also encouraged.
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Current status
260. The role of clouds in the global radiative balance and,
as a consequence, in possible climate changes has been
shown and is one of the main uncertainties in the field of
climate-change prediction.

261. Research is focusing on basic mechanisms of cloud
and rain formatation with a view to better parameterization
of clouds in atmospheric models to improve forecasts on all
time- and space scales up to climate.
262. In atmospheric chemistry, the presence of clouds
containing water as well as ice crystals has shown its
importance in understanding pollutant transport action,
including the role of heterogeneous chemistry in the ozone
balance.
263. The understanding of the natural broadening of the
size spectrum of droplets in warm clouds and of the multiplication of natural ice crystals in cold clouds is progressing
and is the basis, inter alia, for the evaluation of the limits of
weather modification.
264. With few exceptions, weather modification remains a
controversial subject. Past optimism that precipitation
might easily be modified by condensation or ice-forming
nucleus seeding has been eroded with increased knowledge
of the microphysical structure of clouds. This information
indicates that the opportunities for seeding are not as
common as had been thought in the past. Research is
increasingly being focused on the means to characterize
those situations that can be beneficially modified, to determine the locations and times of these conditions, to develop
appropriate technology to effect changes and to evaluate
possible benefits. In the recent past weather. modification
has received less support than previously; however, with the
basic cloud physics studies placing weather modification on
a firmer scientific foundation and potential new opportunities based on field and theoretical work being postulated,
renewed interest appears to be gathering.
265. The suppression of hail and the modification of
liquid-phase precipitation processes are based on less fully
developed scientific hypotheses than is glaciogenic seeding.
Encouraging, but not generally scientifically accepted,
results have been reported from these two forms of intentional intervention in natural processes in clouds.

Planned activities
266. Activities under the Programme on Physics and
Chemistry of Clouds and Weather-modification Research
during the next decade include:

•

Promotion of development of remote sensing techniques to provide four-dimensional measurement of
hydrometeors within clouds; research in physical
modelling and parameterization; development of optimum seeding strategies and of methods to evaluate
the consequences of these seedings;

•

Provision of guidance to Members on the rationale
underlying all aspects of weather modification by

publishing authoritative information on the status of
weather modification, organizing conferences and
workshops, arranging advisory missions and the
exchange of experts among research projects, and
providing education and training events.

APPLICATIONS OF METEOROLOGY PROGRAMME
267. A principal purpose of national Meteorological
Services is to apply meteorological data and knowledge to the
pursuit of national social, economic and cultural goals and
sustainable development. Since weather and climate are allpervasive influences on many human activities, weather and
climate information have a very wide range of applications.
Present applications of meteorology, and those of importance
for the next decade, will include services supporting mitigation of natural disasters (tropical cyclones, floods, severe
weather); the welfare of citizens; safety and economy of transport; improved food production and reduction of its cost as
well as in pollution resulting from food production and
processing; energy production and distribution; tourism and
recreation; building and civil engineering; water supply and
use; the reduction of local and regional air pollution; protection of the global environment; assessment of climate change
and variability; alleviation of the effects of marine and water
pollution and the accidental release of hazardous substances.
268. Most applications will be supported by elements of .
one or more WMO Programmes and many national applications of meteorology will be very specific to particular
needs. For example, elements of the World Weather
Watch Programme and the Atmospheric Research and
Environment Programme may be used to support national
services applicable to a local air-pollution problem. The
WMO Applications of Meteorology Programme focuses on
those main areas of application that are very important to
all, or a very large number of, Members of the Organization
and on those areas in which international collaboration is
necessary to help ensure the provision of agreed services.

Purpose and scope
269. The purpose of the Applications of Meteorology
Programme is to facilitate the application of meteorology, in
all countries, for the attainment of national social, economic
and cultural goals and sustainable development. The
programme includes the application of meteorology through
the provision of agreed services to internationally coordinated weather-affected activities, such as agricultural
activities and air and marine transport.
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Structure
270. The Applications of Meteorology Programme comprises four sub-programmes:
•

Public Weather Services Programme;

•

Agricultural Meteorology Programme;

•

Aeronautical Meteorology Programme;

o

Marine Meteorology and Associated Oceanographic
Activities Programme.

271. The Public Weather Services Programme is a new
programme to further the improvement of weather services
to the general public in all countries including, in particular,
improved public warning services as a contribution to the
International Decade for Natural Disaster Reduction. The
other three programmes, for agriculture, aviation and marine
activities are recognized as distinct and separate, and each
application is addressed through a separate technical
commission.

approaches have been adopted in establishing programmes
to meet public needs. With the advent of new media policies and the broad increase in geographical coverage, a
common international approach to public weather services
to meet the needs of an increasingly demanding user
community can now be perceived.

Planned activities

Public Weather Services Programme

275. The planned activities comprise:

272. The provision of services to the general public,
through a complex surface- and space-based observing
system, data processing by supercomputers, and a worldwide telecommunication network, is one of the primary
roles of national Meteorological Services. It is the role in
which a Service is most visible, and on which it is judged,
not only hy the general public but often also by those on
whose decisions the Service depends. Weather information,
forecasts and warnings for the general public have a myriad
of applications which, if properly understood and acted
upon, are of enormous potentia] economic benefit. The
UN International Decade for Natural Disaster Reduction
(1990-1999) will focus attention on the need for meteorological and hydrological services to provide timely and
useful warnings of potential weather-related disasters. It is
therefore of the greatest importance that the forecaster
understand what the public needs and that the public
understands what service it may expect and how it may use
that service. To be effective, the information must reach
those who are to use it, should be presented in the most
suitable manner, and be readily understood and usable.

•

Provision of guidance on the preparation, formulation
and content of weather reports and forecasts, taking
into account regional and climatic variations; the
use of various communication media, including
presentation and dissemination techniques; public
understanding, perception and use of weather reports
and forecasts; public relations, especially informing
the public on what services can be provided and how
they might be used;

•

Arrangements for the exchange of severe weather
warnings and other products, where appropriate, on a
regional level.

Purpose and scope
273. The purpose of the Public Weather Services
Programme is to assist Members to improve weather
services to the general public and give guidance on how best
to use these services.

Current status
274. Public weather services constitute one of the more
heterogeneous fields of meteorological applications. Public
weather services may be tailored to the needs of specific
user groups or cover the whole spectrum of requirements of
the general public. Accordingly, a variety of methods and
procedures are in use at the national level and different

Agricultural Meteorology Programme
276. Although variations in crop and livestock production
are highly dependent on day-to-day weather changes and on
both short- and long-term climate variability, the relationships have not been well documented for all crops or
animals in all countries. In some developing countries,
where the attainment of food self-sufficiency in the face of
an expanding population is of critical importance, the relationships are not yet well established. In some regions,
conventional weather observations made by national
Meteorological Services for other purposes may be used by
various organizations as part of the basis for estimating
current crop yields or crop-yield variations.
277. The challenge to use conventional meteorological data,
and to obtain and use specific meteorological and related data
for the purpose of aiding efficient food production in an environmentally sustainable manner, is one of the most important
issues facing many national Meteorological Services.

Purpose and scope
278. The purpose of the Agricultural Meteorology
Programme is to assist Members to provide meteorological
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Figure 29 - Felix Schacher of the Swiss Meteorological Institute Forecasting Office in Zurich presenting the weather
forecast on television (Photo: 1Y Suisse)
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Figure 30- Communicating weather information through various mass media (Diagram: R. Carnahan)
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and related services to the agricultural community in order
to help develop sustainable agricultural systems, increase
production, reduce losses and risks, decrease costs, increase
efficiency in the use Of water, labour and energy, conserve
natural resources and decrease pollution by agricultural
chemicals. Although sometimes combined, climate
information is used mainly for planning purposes, while
recent weather data and weather forecasts are used mostly in
current agricultural operations.

•

Definition of the requirements for agrometeorological
information by users, with details on timing and
format adapted for each specific user:

•

Further development of the agrometeorological
databases required for operational agrometeorology,
involving the establishment (jointly with the agricultural community) of operational national and regional
databanks geared to provide information in usertailored form;

•

Formulation and exchange of information on the
relationships between climate/weather (including
climate change and variability) and sustainable agricultural production, through descriptions of the
agroclimatic potential of regions and of the climate
requirements of specific farming systems, crops,
pas1ures, forests and animals (including fish); this
knowledge may permit the development of cropweather relations and models for use in planning, in
day-to-day operations and in yield monitoring;

•

Continued transfer of knowledge of practical agrometeorological techniques, concentrating on (a)
workshops and roving seminars for training in
agrometeorology; (b) improving the exchange of
meteorological information for regional agricultural
purposes; (c) provision of manuals, guidance material
and reports on operational agrometeorology; and
(d) missions in agrometeorology to advise on the
strengthening of agrometeorological services and to

Current status
279. The quality and range of agrometeorological services
provided by Members vary widely. About one-sixth of
the Members have a well-developed Agrometeorological
Service while a few have virtually no Service at all. Of the
remainder, about one-third provide some of the requested
agrometeorological information and the remaining one-third
are in the process of setting up an operational Service.
280. Some Members are unable to offer any, or many,
services to the agricultural sector in their country. They lack
the resources and trained staff necessary to develop effective
services, or derive useful information, or to demonstrate the
benefits of using meteorological information in agricultural
planning and production.

provide on-the-job training in operational techniques

and advisories, to solve system specific problems;

•

Support for national and regional agrometeorological
services to facilitate the timely provision of agrometeorological information, in user-tailored language,
for planning and operations in agriculture, including

warnings on the agricultural consequences of recent
weather and forecasts for agricultural purposes;

•

Promotion of the application of agrometeorology in
specific situations, such as for the assessment of
locust development, movement and control activities;

or in drought- and desert-prone areas, where information on the probable frequency, duration and severity
of drought eau assist in long-range planning to minimize the adverse effects of drought in day-to-day
farming operations;

281. Medium-term weather forecasts for small agricultural
areas are of particular importance and there is a widespread
need for improvements in forecasting capability and in the
quality of forecasts.
282. Many of the activities of the programme are carried
out in collaboration with other WMO programmes and
activities (WWW, WCP, HWRP, and WMO Satellite
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•

Definition of the optimal manner to transmit the
required information to each user group, including co-

Activities as far as remote sensing is concerned) and with

operation with other agencies, such as au agricultural

other international organizations such as the Food and
Agriculture Organization of the United Nations (FAO) and
the Institutes of the Consultative Group on International
Agricultural Research (CGIAR).

extension service or rural radio broadcast service;

•

Assessment and publication of the technical, social,
economic and environmental benefits of the application of agrometeorological infmmation and of the

cost of providing such information and of its contri-

Planned activities
283. The activities planned to help national Agrometeorological Services play their role more effectively for the
period 1992-2001 concern:

bution to the conservation of natural resources;

•

Exchange of know ledge regarding the operational
use of remotely sensed information in agrometeor-

ology, notably on the development of different types
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Figure 31 - Migration of locusts depends on prevailing winds. Reproduction areas and main trajectories of migrating locusts
in 1988 (After PRIFAS, France)

of vegetative cover, the stage of development of
crops, the incidence of pest or disease damage, and
potential yield;

•

Further prom·otion of interdisciplinary agrometeorological research by close co-ordination and
co-operation in the development and implementation
of projects in agrometeorology, including those
concerning microclimate management, through the
organization of training events to meet the interdisciplinary nature of the subject and in international
experiments on weather aspects of crop production
where the agrometeorological aspects of these crops
are not well known.

Aeronautical Meteorology Programme
284. Air transport has become a mass-transport mode.
During the past decade, world scheduled international air
transport, measured in tonne-kilometres flown, has grown at
an annual average rate of more than eight per cent. In 1988
the number of passengers carried was equivalent to one-fifth
of the world's population. Between one-quarter and onethird of the value of international trade in manufactured
goods is transported by air. Total air travel is expected to
double by the year 2000. At the same time as deregulation
in the aviation industry is part of the spur for highly competitive growth and for the development of new areas for
tourism and business, there is a trend towards less regulation

in the telecommunications industry, which will accelerate
exploitation of the full potential of computer/communications/satellite systems. This trend will, in turn, give the
opportunity to provide new and integrated meteorological
services for air-transport. operations. In addition, detailed
advice will be required during the development phase of the
proposed new generation of supersonic aircraft and, later,
for their operation.
285. The introduction of lower aircraft operating minima,
the increasing scale of air operations, and the associated
congestion and environmental problems, together with high
fuel and other operating costs, intensify the requirement to
predict the relevant weather phenomena more accurately in
space and time and to deliver timely meteorological services
in a manner that matches the operational infrastructure of
the avia_tion industry.
286. In order to achieve further economies in fuel use it
will be necessary to find ways of more efficiently using all
of the available meteorological information, such as that in
the increasing number of aircraft reports, to provide frequent
updates of short-period forecasts and to improve overall
forecast quality. Again, the better use of meteorological
information in airspace management has already become
essential, especially at congested airports. As air traffic
develops further it is increasingly important that the overall
quality of forecasts, including terminal aerodrome forecasts, should continue to improve. At the end of flights of
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duration more than 12 hours it is important that delays due
to weather problems should not occur.
287. The needs of general aviation will be an important
focus of attention for many national Meteorological
Services and very specific services for relatively shortperiod operations will be in growing demand.

Purpose and scope
288. The purpose of the Aeronautical Meteorology
Programme is to ensure the provision of the operational
meteorological information required for safe, economic and
efficient air navigation, and meteorological support to the
non-real-time activities of the aviation industry. The
programme is aimed at the global introduction of common
standards in providing services on the basis of internationally agreed requirements stated by the International
Civil Aviation Organization (ICAO).
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•

Co-ordination, in co-operation with CBS, of the
support of the WWW basic systems in the implementation of the World Area Forecast System;

•

Promotion of the further development of services to
aviation by the application of advances in science and
technology;

•

Initiation of specific studies and supporting research
and development aiming at improving forecasting
accuracy, especially in the field of very-short-range
and short-range forecasts;

•

Development of standards for the use of automated
interactive systems for the operational management, processing and retrieval of meteorological
information;

•

Improvement of the world-wide standard of quality
and efficiency of services for aviation through the
transfer of techniques and proven methodology by
means of training seminars, refresher courses,
workshops, short-term fellowships, exchanges and
other means.

Marine Meteorology and Associated Oceanographic
Activities Programme

Current status
289. The availability of global and regional forecast
outputs has already led to major improvements in meteorological services to aviation. Progress has also been made in
the world-wide standardization of products issued to users.
However, problems still exist regarding the provision of
continuous meteorological watch, very short-range forecasts
and severe weather warnings. In some areas the timely
distribution of meteorological information in user-oriented
form is far from satisfactory. Advances in numerical
weather prediction and relevant technology, communications systems and applications techniques will make it
feasible to meet aviation requirements.

Planned activities
290. The activities planned within the Aeronautical
Meteorology Prograrome for the decade include:
•

Guidance and assistance to Members concerning:
- The provision of meteorological services for international air navigation including developing,
implementing and reviewing standard rules and
regulations for the provision of aeronautical meteorological services in collaboration with ICAO;
- Methods and practices used in aeronautical meteorological services;

o

Contribution, 'jointly with ICAO, to the implementation of the World Area Forecast System;

291. Since the first formal international co-operation began
between mariners and meteorologists 150 years ago, the
importance and diversity of marine activities and the need
for meteorological and oceanographic information for the
safe and effective operation of shipping and all other oceanrelated activities have grown draroatically. Meteorologists
are also faced with an urgent need to know more about the
oceans, including the heat content in the upper layers, their
circulation and exchanges with the atmosphere, in order to
address problems of longer-range weather forecasts, climate
variability and climate change.
292. The needs of those engaged in marine and ocean
operations, and of the meteorological and oceanographic
community, will be met through continued and further
developed co-operative activities and through the effective
use of developing technologies, particularly those concerning instrumentation, remote sensing and communications.

Purpose and scope
293. The purpose of the Marine Meteorology and Associated
Oceanographic Activities Programme is the provision of
marine meteorological and oceanographic services in support
of the safety of life and property at sea, of the prevention of
marine pollution, and of the proper management of marine
resources and the marine environment.

294. The Prograrome comprises the marine meteorological
and associated oceanographic services provided by
Members in support of maritime safety and basic economic
ocean-related activities; a supporting composite operational
global ocean observing system, together with an appropriate
infrastn1cture for development of techniques, information
exchange, implementation support and education and

70

CHAPTERS

Figure 32- Forecast of upper winds enables optimization of track selection so as to achieve safe and economical flight
(Photo: Air France)
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training related to marine meteorology and physical oceanography. Strong emphasis is placed on the continued implementation of the composite, global marine meteorological
and oceanographic observing system in support of services,
climate monitoring, forecasting and research.
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living and mineral resources in the oceans, and marine
activities generally in coastal waters, ports and
harbours, and in support of marine pollution response
operations;

•

Improvement of arrangements for the collection,
analysis and application of all types of ocean data and
oceanographic services;

•

Improvement of the marine climatological and related
ocean database in support of national Meteorological
Services and the World Climate Research Programme;

•

Planning, implemention and maintenance of a
composite global, operational ocean observing system
in support of the WWW, marine meteorological and
oceanographic services and climate monitoring, forecasting and research;

•

FaCilitation of the exchange of information on marine
technology and services;

•

Promotion of and furthering the development of techniques for marine observations and forecasting;

•

Carrying out implementation support activities for
national Meteorological Services and ocean observing
systems;

•

Co-ordination, fostering and provision of specialized
education and training.

HYDROLOGY AND WATER RESOURCES
PROGRAMME

Current status
295. Important scientific and technological advances in
recent years have contributed to substantial improvements in
the provision of marine meteorological and oceanographic
services. These include continuing improvements in global
meteorological forecasts; the further development of
specialized marine analysis and forecast techniques, such as
for ocean waves, sea ice and sea-surface temperature; the
widespread use of satellite technology for communications
and increasingly for ocean observations; the increasing use
of automated observing systems; and the rapid development
of the Integrated Global Ocean Services System (IGOSS)
(which is operated jointly with the Intergovernmental
Oceanographic Commission of UNESCO). Nevertheless,
the requirements of users for marine services, especially
those specifically tailored for their own special needs, are
continually expanding and the availability of marine
meteorological and oceanographic data from the world's
oceans remains inadequate to meet these requirements, as
well as those now being more clearly specified for global
cJimate monitoring, forecasting and research.

Planned activities
296. The planned activities comprise:
•

Promotion of improvements in marine meteorological
services for international shipping, the exploitation of

297. The most pressing problem in many parts of the world
is the need to provide a growing·population with adequate
supplies of drinking water and sufficient food to eat. The
International Drinking Water Supply and Sanitation Decade
(IDWSSD), spearheaded by WHO and UNDP, has achieved
much during the 1980s but more remains to be done. WMO
expects to play a considerable part in the follow-up to this
decade during the 1990s since water-resource assessment
will become much more impmtant, especially in the many
situations where availability of water is the limiting factor
for sustainable development. Whether the food is produced
by dry-land farming or is dependent on irrigation, all
depends ultimately on the availability of known and reliable
water resources. The recurrent droughts that have recently
affected many parts of the world are striking and tragic
evidence of this fact.
298. Floods produced by tropical cyclones, severe storms,
prolonged rainfall or rapid melting of snow cover not only
damage property, but also take a regular toll of life in many
countries. These problems are being aggravated by the
growing development and settlement in flood-prone areas.
Flood forecasting is recognized as the most cost-effective
non-structural means of reducing loss of life and damage.
Forecasting of both high and low river flows also constitutes
an important input to the efficient operation of any waterresource system. The UN General Assembly declared the
1990s as the International Decade for Natural Disaster
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Reduction. WMO's expertise in the evaluation of flood risk
and in flood forecasting places it in an important position to
contribute to the goals of this Decade.
299. The prospects for climate change call into question
the often-made assumption that the variability of water
resources remains the same over periods of many decades.

Studies of climate variability and change must take account
of the role of water and of the interaction between the atmosphere and the land and water surface. The results of such
studies will be an essential basis for future planning for the
development of water resources, including the design of
hydraulic structures, and for protection from a shortage, or
excess, of water. As recommended by the Second World
Climate Conference, more emphasis will be placed on the
acquisition of data needed for monitoring the effects of
climate change on water resources, as for example within
the Global Climate Observing System, and for the sound
management of those resources.

•

Operational Hydrology Pr.ogramme -Basic Systems;

•

Operational Hydrology Programme - Applications
and Environment;

o

Programme on Water-related Issues.

be measured is being questioned. A major effort to increase

In addition, hydrological elements embedded in several other
WMO programmes, e.g. the Tropical Cyclone Programme
and the World Climate Programme, are closely co-ordinated
with the Hydrology and Water Resources Programme.

the precision of these estimates will be made through the
Global Energy and Water Cycle Experiment being planned
by WMO and ICSU.

Operational Hydrology Programme (OHP) - Basic
Systems

300. The precision with which the various components of
the global and continental water budgets are known and can

301. Increased efforts are needed for the conservation or
improvement of water quality in the face of the growing
pollution load disposed of either directly into rivers, lakes
or groundwater supplies, or first transported over large

Purpose and scope
304. The purpose of the OHP-Basic Systems is to support
the basic organization of Hydrological Services, including

distances in the atmosphere and later deposited over land

instruments and observations, collection and processing of

and water. Increased soil. erosion, which can be a major
factor in reduced agricultural production, is also putting
pressure on the quantity and quality of water in river and
lake systems. The need for efficient operational water
quality/sediment monitoring programmes remains high,

data (including data on the quantity and quality of both
surface water and groundwater) and manpower development. The programme provides the basis and framework for
all the scientific and technical aspects of WMO's activities
in operational hydrology.

including monitoring the interaction between water manage-

ment activities and the environment. Such programmes
provide the information necessary for preventative action to

be taken to protect the environment.

Purpose and scope
302. The purpose of the Hydrology and Water Resources
Programme (HWRP) is to assist countries in meeting
increasing requirements for the assessment and development
of water resources and protection from flooding. A large
amount of general guidance material is published under the
auspices of the HWRP and the trend now is to the provision
of more specific guidance as regards the technology available and appropriate for use in any specific circumstance.
The development of the Hydrological Operational
Multipurpose System (HOMS) has been a major achievement. Valuable contributions are also being made by
projects which catalogue and compare specific types of
technology, such as instruments and hydrological models.

Current status
305. The Operational Hydrology Programme has developed a comprehensive set of guidance material covering the
whole range of topics dealt with under the programme. The
material is constantly under review and updated versions are
issued when appropriate. HOMS remains an essential
feature of the OHP. Over its ten years of development and
use it has provided a vital avenue for the transfer of operational technology between national agencies of countries.

Structure
303. The HWRP consists of three mutually supporting
components:

306. Recent shifts in emphasis within the OHP towards the
implementation of more practically oriented projects such as
the intercomparison of instruments and models, and towards
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the monitoring and study of water quality and of groundwater, have resulted in a more balanced programme of direct
value to Hydrological Services.

Operational Hydrology Programme (OHP)- Applications
and Environment

Purpose and scope
Planned activities
307. Activities under the OHP- Basic Systems component
includes:
•

Encouragement of the completion and maintenance of
adequate networks of hydrological observing stations;

•

Provision of technical guidance for the establishment
and improvement of hydrological data collection,
transmission and processing systems, including those
relating to lakes, reservoirs and urban areas;

•

Assistance in the establishment and improvement of
national water-resource databanks, including both
hydrological data and statistics on water use, and
promotion of their integration with other environmental databanks;

•

Promotion of the development of standards and the
introduction of quality assurance in operational
hydrology;

•

Promotion of increased use of meteorological services
and products in operational hydrology and water

308. The OHP - Applications and Environment is concerned with hydrological modelling and forecasting and
with the provision of data for projects and environmental
protection. There are a number of activities in which the
major emphasis lies elsewhere but where the HWRP is
called on to make a major input with regard to aspects
concerning operational hydrology. The purpose of the
programme is to bring together hydrological and meteorological activities in aid of water-resource development and
to support the hydrological aspects of food production,
energy production and water supply, and the forecasting and
mitigation of effects of natural and man-made hazards
having hydrological aspects. The latter aspect offers basic
support to the hydrological element of the Tropical Cyclone
Programme. Important inputs are made to the World
Climate Programme - Water, which brings together
all water-related activities under the World Climate
Programme, and to the Global Climate Observing System.

management;

•

Fostering the transfer of information and operational
hydrological techniques and the establishment of viable
technology bases, particularly in developing countries
and including education and training in hydrology;

•

Continued work on the development and streamlining
of HOMS components and sequences to meet the
needs of users and the promotion of their application.

Figure 34- Activities demanding water data and information (Photo: A.R. Perks/Environment Canada)
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Figure 35 -System of operational hydrology provides data and information required for water resources planning and management
(After 0. Staroso/szky)

Current status

Programme on Water-related Issues

309. The International Decade for Natural Disaster
Reduction and the great potential importance for waterresource development of any change in climate have given
this programme a new focus and urgency. Support for
national efforts to identify and reduce the risk from flooding
is provided, often in co-ordination with national or regional
projects under the Technical Co-operation Programme.

Purpose and scope

310. A number of projects have been implemented in
collaboration with the World Climate Programme, resulting
in technical reports and the implementation of joint ventures
by national institutions. These concern not only theoretical
considerations but also involve the compilation and analysis
of data contributed by countries.

312. The purpose of the programme is to increase the
effectiveness of water-related activities through interorganizational collaboration. WMO takes a joint lead with
UNESCO in international activities concerning waterresource assessment. The programme also includes regional
projects associated with large international river basins and
collaboration with non-governmental organizations.

Planned activities

311. The planned activities of the OHP - Applications and
Environment comprise:

•

Ensuring effective input to water-related aspects of
studies of climate and the use of climate information
for water-resource activities;

•

Assistance in the establishment and development of
on-line, real-time hydrological forecasting systems for
flood protection and the operation of water-resource
systems;

•

Aid in the development of techniques for the analysis
of hydrological data for design purposes, including
the consideration of the potential impact of climate
change;

•

Ensuring an effective input to programmes involving
environmental modification of the hydrosphere,
weather modification and protection of the environment, in particular as regards water pollution.

Current status

313. Inter-agency co-ordination in the field of water has
developed immeasurably and is often quoted as an example
of what can be achieved in this regard within the UN
system. Co-ordination avoids duplication and waste of
resources and leads to considerably improved overall costeffectiveness to the direct benefit of Members. WMO's own
projects gain from inputs provided by other organizations,
e.g. the contribution of UNESCO to water-related activities
of the World Climate Programme and the valuable collaboration with the International Association of Hydrological
Sciences in convening technical meetings.

Planned activities

314. The planned activities are:
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•

Further development and use of internationally agreed
terminology in the field of hydrology and water
resources;

•

Appropriate contributions by WMO in the field of
operational hydrology to the activities of other UN
agencies, including those at regional level, and in
particular with UNESCO and in the context of the
International Decade for Natural Disaster Reduction,
the International Drinking Water Supply and Sanitation Decade and the United Nations Conference on
Environment and Development (Brazil, 1992);

•

Working with international river-basin authorities to
promote co-operation in shared water resources, and
with non-governmental international organizations in
their work related to operational hydrology,

EDUCATION AND TRAINING PROGRAMME
315. The key to the future development and maintenance
of adequate meteorological and hydrological services is to
ensure that the necessary body of trained scientific and
technical personnel is available in all countries. Thus the
Education and Training Programme is vital to the success of
all WMO programmes, as well as to the participation of
many Members in these programmes and for the Members
to benefit from the programmes nationally. The education
and training activities of WMO form an integral part of all
of the Organization's programmes.
316. During the IH~xt decade there will continue to be a
pressing need in most developing countries for more highly
trained specialists at all levels to plan, direct, organize and
carry out the programmes in meteorology and operational
hydrology and related fields essential to economic and
social development. There is also a continuing need for
education and training of meteorological and hydrological
personnel for the purpose of developing their ability to
adapt to and utilize new scientific achievements and new
technologies.

Purpose and scope
317. The purpose of the Education and Training
Programme is to assist Members to meet their needs for
adequately trained personnel and to develop self-reliant
training capabilities, complemented as required by regional
training arr:mgements and institutions for higher levels of
training. The scope of the programme is wide and personnel
are educated or trained in subjects or functions pertinent
to all of the Organization's operational programmes.
Education and training activities are executed in various
institutions in the vast majority of Member countries.

Structure
318. The Education and Training Programme consists of
four interdependent components:

•

Manpower Development;

•

Training Activities;

•

Education and Training Fellowships;

o

Support to Training Events under Other WMO Major
Programmes.

319. As implied by the title of the fourth component, training events are also implemented under the various other
major Programmes. The four components complement each
other, since each one contributes to the attainment of the
overall objectives of the Programme. A basic underpinning
factor of their interdependence is the use of the results of
the analyses of Members' training requirements from the
Manpower Development component in the planning or
implementation of the other three components.
Manpower Development

Purpose and scope
320. The purpose of the Manpower Development component is to assess the present and future needs of Members
for trained personnel and to provide an objective basis for
planning, setting priorities for, and for assisting and providing advice to Members. National Meteorological and
Hydrological Services continue to need trained and retrained personnel as a result of many factors, especially the
impact of technological developments on their various functions and operations. For example, new equipment and its
operation and maintenance, as well as the use of computers
and improved· telecommunications, may result in changes
not only to operational routines but also, at times, to the
structure and management of a Service itself. The main
thrust under the Education and Training Programme is the
Manpower Development component, which enables the
overall Programme to respond effectively to the needs of the
Members. It is the pivotal component from which the others
are guided in the planning of their activities.

Current status
321. The Manpower Development component was instituted during the tenth financial period. The assessment of
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Members' training needs, updated in 1990, has provided
information for use with the Programme's plans for the
eleventh financial period. The major problem encountered
has been the lack of financial resources to stage actual training courses, seminars and workshops. In the strategic
approach under which it is planned to execute the programme, the training for manpower development can be
carried out under the other component programmes by
Members, institutions and the Secretariat through the coordinated deployment of manpower and of physical and
financial resources from these sources as well as from
technical assistance funding sources. The co-ordinating
link will be the matching of the training (subjects, levels,
languages, etc.), as identified by the assessment of
Members' training needs, with the capabilities of Members'
training facilities, WMO Regional Meteorological Training
Centres and other institutions to carry out the training events
or programmes necessary to train the staff.
322. In scope this component progrannne not only encompasses the other soh-programmes of the Education and
Training Programme, but closely interacts with the planning,
in particular, and the execution of the Organization's
Technical Co-operation Programme.
Planned activities

323. Activities under the Manpower Development
programme during the next decade are:

Figure 36
WMO provides trammg for
national instructors as a very
effective means of manpower
development. Here the instructor
demonstrates (holding it in his
hands) a plastic three-dimensional
model structure of the atmosphere
to participants in a laboratory
session of the WMO Regional
Training Seminar fOr National
Instructors, India, 1986
(Photo: G. Rudder/WMO)
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•

Undertaking written and other surveys to find out the
training needs of Members;

•

Updating the analysis of the training needs of
Members and providing information and advice to
them for use with the development of their training
programmes;

•

Further development of the strategic approach for
planning and implementing actions to assist
Members with their training for national manpower
development;

•

Provision of inputs into the other component
programmes of the Education and Training Progrannne,
as well as into other WMO major Programmes, under
or in association with which the Secretariat and
Members will be training personnel.

Training Activities

Purpose and scope

324. The purpose of the Training Activities component is
to contribute to the training process in the areas of training
centres, training materials, instructor and management
training, and in the interface between meteorological
services and their user communities. Members have a very

important role to play under this programme through the
maintenance and operation of the Regional Meteorological
Training Centres (RMTCs) and the emphasis which the
programme brings to bear on this activity will be increased.
Members are involved in this role either as host countries to
the RMTCs or by sending trainees to the Centres or providing assistance to the Centres. In scope, this component
contributes towards meeting the first and third overall objectives, utilizes input from the Manpower Development
component, and relies on the Technical Co-operation
Programme for the provision of financial, manpower, and
equipment or material resources.
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products, and (b) the meteorological education of the
general public.
Education and Training Fellowships

Purpose and scope
327. As the largest mechanism within the Education and
Training Programme for the provision of training to meteorological and hydrological personnel, the purpose of this
component programme is to provide the financial support
for, and arrange and manage the study prograrumes of, individual fellows. In scope it is complementary to the other
three component programmes, contributes to meeting all of
the overall objectives, and relies heavily on the provision of
funds from VCP and UNDP sources. Accordingly, it is
essential that its needs be firmly integrated into the planning
and execution of projects under the Technical Co-operation
Programme.

Current status
325. There are seventeen RMTCs, 30 training publications
of which several have been translated into one or more
working languages of the Organization, a collection of textbooks, films and video cassettes, slides, and computer
software as listed in the catalogue (and its supplements) of
the Training Library. During the tenth financial period, four
training events for instructors and one on the management
of training institutions were held.

Planned activities
326. The planned activities under the Training Activities
sub-prograrume during the decade are:

Current status
328. An average of more than 500 fellowships have been
awarded annually during the past four years. Financial
support for the fellowships has been provided by UNDP,
38 per cent; the Voluntary Co-operation Programme,
43 per cent; the WMO regular budget, 10 per cent; and trust
funds, 9 per cent. The demand for fellowships exceeds the
available funds.

•

Arrangements for the preparation of training publications (syllabi, workbooks and lecture notes) in the
WMO official languages;

•

Acquiring of training aids and materials, in particular
audio-visual aids and computer software, for loan or
supply to Members and their training institutions for
use in their training activities;

•

Monitoring the activities of the RMTCs and assisting
them in improving their capabilities of providing the
training programmes required by Members, with
particular reference to the new global concerns of
WMO such as climate change and protection of the
global atmosphere;
Provision of training to, and assisting Members with
their training of, instructors and other operational
personnel in subjects which do not fall under other
WMO major Programmes;

Support to Training Events Under Other WMO Major
Programmes

•
•

Planned activities

Encouraging and assisting Members in the organization of training activities aimed at improving (a) the
production by national Meteorological and hydrological services, and the utilization by the user sectors, of
meteorological and hydrological information and

329. The planned activities under the Education and
Training Fellowships component programme are:
•

Arranging for long-term fellowships for basic training
and postgraduate studies;

•

Arranging for short-term fellowships to meet training
needs in specialized fields and in the applications of
meteorology and operational hydrology;

•

Facilitating the provision of fellowships to bona fide
refugees for training in meteorology and operational
hydrology.

Purpose and scope
330. The purpose of this component is to provide a focal
point in the Secretariat to monitor, co-ordinate, and assist in
the planning of training events implemented by Members or
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Figure 37 - Regional Meteorological Training Centres

Centre

Country

A

Algeria

Name
Hydrological Institute for Training and Research, Oran

Region
I

B

Angola

Regional Meteorological Training Centre, Mulemba

I

c

Egypt

Regional Meteorological Training Centre, Cairo

I

D

Kenya

Institute for Meteorological Training and Research and the
Department of Meteorology, University of Nairobi, Nairobi

I

E

Madagascar

Ecole Sup6rieure Polytechnique d'Antananarivo,'
University of Antananarivo, A~tananarivo

I

F

Niger

African School of Meteorology and Civil Aviation (EAMAC), Niamey

I

G

Niger

Regional Training Centre for Agrorneteorology and Operational
Hydrology and their Applications (AGRHYMET), Niamey

I

H

Nigeria

Meteorological Research and Training Institute, Lagos

I

I

India

Telecommunication and Radiometeorological Training Centres
New Delhi, and Training Centre Directorate, Pune

11

J

Iraq

Regional Meteorological Training Centre, Baghdad

11

K

Argentina

Department of Meteorology, University of Buenos Aires,
and the Department of Education and Training of the National
Meteorological Service, Buenos Aires

Ill

L

Brazil

Department of Meteorology, Federal University of Para, Belem

Ill

M

Venezuela

Department of Meteorology and Hydrology, Central University of
Venezuela, Caracas

Ill

N

Barbados

Caribbean Meteorological Institute, and the University of West Indies,
Barbados

IV
IV

0

Costa Rica

Meteorology Section, School of Physics, University of Costa Rica,
San Jose

p

Philippines

Department of Meteorology and Oceanography, University of the
Philippines, and the National Institute of the Atmospheric,
Geophysical and Astronomical Science of PAGASA, Quezon City

V

Q

Italy

International School of Meteorology of the Mediterranean, Erice, Sicily

VI
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the Secretariat under those major Programmes which
include specific training responsibilities. Such training
events effectively constitute a transfer of knowledge and
methodologies, and a portion of the training for Manpower
Development. The scope of the programme therefore
extends to the collaboration and interaction with the oiher
major Programmes of the Organization.

Meteorological and Hydrological Services, in the development of their facilities, and in the provision of services. The
Programme recognizes that whilst difficulties experienced
by national Meteorological Services must and will be overcome at least in part through the efforts of individual
countries, in many cases co-operative efforts of a regional
nature between a number of Countries can achieve more
cost-effective results, particularly with respect to the
provision of services.
Purpose and scope

Current status

335. The purpose of the Technical Co-operation Programme is to advise and assist in the strengthening of the
national Meteorological and Hydrological Services of
developing countries, through the transfer of knowledge,
technology and proven methodology, in order to improve the
effectiveness of these Services in support of economic and
social progress.

33 I, This component programme has co-ordinated and
monitored I 08 training events implemented by Members
and the Secretariat during the tenth financial period. The
main difficulty which this programme encounters is one of
inadequate financial resources. It is difficult or impossible
to provide all prospective participants in some training
events with air tickets, or hard currency for the payment of
stipends and fees, from funds available through the regular
budget, from extraordinary sources, or from Members.

336. WMO's technical co-operation activities seek to
bridge the gap between the services provided in the developing countries and those in the industrially developed
regions. The Programme's objective is to ensure that the
level of services provided to policy-makers, planners and
citizens in the developing world contributes effectively to
sustainable economic development and to the safety and
security of citizens.

Planned activities
332. The planned activities under this component
programme are:
•

Co-ordinating the compilation of the Secretariat's
training events for programming and budgetary
cycles;

•

Monitoring, and providing guidance on or assistimce
with, the planning and implementation of the training
events;

o

Obtaining, examining and following up reports by
lecturers and participants on the training events.

TECHNICAL CO-OPERATION PROGRAMME
333. The availability of meteorological, hydrological and
related services to policy-makers, planners and citizens is
much more limited in many developing countries than in
industrially developed countries. To achieve sustainable
economic and social development and to carry out day-today weather-affected activities, much more assistance would
be needed. The current limitations and lack of services are
largely attributable not only to insufficient trained personnel,
or to a lack of awareness of the value of services but also, at
times, to the non-availability of basic observations from
which services could be derived.
334. The Technical Co-operation Programme has been
developed to enable the Members of WMO to help each
other in overcoming difficulties in operating their national

Current status

337. The Programme is structured, planned and implemented on a regional basis, taking into account the
characteristics of the main funding sources:
•

The United Nations Development Programme
(UNDP):
- The country programme;
- The inter-country and global programme;
- Sectoral support;
- Technical co-operation among developing countries;

•

The Voluntary Co-operation Programme (VCP);

•
•

Trust funds;
Support from the WMO regular budget .
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Figure 38 - AGRHYMET Centre in Niamey, Niger. The co~operative AGRHYMET programme covers extensive
training, information dissemination, crop assessment and forecasting, and various kinds of agronomic
development, all in respect of drought-stressed agriculture of the Sahelian countries (Photo: WMO)

338. In an increasing number of UNDP projects part of the
funding is provided .through a cost-sharing arrangement by
the country itself, or by a third-party donor. Bilateral funding by individual countries, and other funding sources such
as the World Bank, the regional development banks and
funds, the European Economic Community, and regional
economic groupings, as well as other potentia] sources to
augment the assistance provided, are being explored.

co-operation activities. In the case of the VCP the size of
the programme has increased substantially since its
inception but the support resources to manage the
programme have remained unchanged.

339. Technical co-operation projects are implemented
independently. There is, however, a high level of coordination internally within the Technical Co-operation
Programme and with the scientific and technical programmes of WMO. Thus, to the extent that donors and
recipients agree, the requirements and priorities of the
WMO programmes govern the allocation of available
resources to technical co-operation projects. Currency
exchange-rate variations between the US dollar and the
Swiss franc, and methods for assessing support cost payable
to WMO by some funding agencies for programme
implementation have given rise to a situation in which
the financing of support to manage WMO technical cooperation activities efficiently is inadequate and unstable. It
also seems that, in the near future, UNDP intends to replace
'agency' execution by 'government' execution. Specialized
agencies, such as WMO, will still play a role through
scientific backstopping of projects. For this they will be
reimbursed on a 'retainer' basis. It is not clear how regional
and global proje,ts will be handled, but the most likely
outcome will be a weakened support to WMO technical

At a national level, support to the :

Planned activities

340. The planned activities of the Technical Co-operation
Programme are:

o

Provision of adequate meteorological products for
severe weather warnings and for forecasts for development applications;

•

Provision of elements to monitor climate and climate
change;

•

Provision of hydrological information for waterresource assessment, for the planning and operation
of water-resource projects, for flood forecasting
and prediction, for drought management and for
the control of water pollution;

•

Training, at all levels, in meteorological, hydrological
and related development activities;

•

Assistance, to countries requiring it, in developing
meteorology and hydrology, and in preparing a
medium-term plan for meteorology and hydrology
based on the priority needs of those countries and
on the basic levels of services appropriate to their
needs.
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At a regional or global level, support to the:
•

•

Development of national Meteorological and
Hydrological Services, particularly in developing
countries where these Services are in an initial or
early stage of development;

•

Provision of education and training to assist in
strengthening the staffing of the Meteorological and
Hydrological Services in developing countries;

•

Provision of assistance to specialized regional and
sub-regional centres through fostering co-operative
arrangements for pooling resources on a regional
basis to provide services needed by a group of
nations;

•

Development of capabilities for assessing climate and
climate change;

•

Development of effective public information
programmes informing planners and decision-makers
of the benefits of meteorological, climatological
and hydrological services in order to facilitate
procurement of the funding required for these
development plans.

Implementation of key WWW facilities within the
territories of developing countries;
Development of services related to disaster prevention

and preparedness, by improving facilities and skills,
particularly in countries prone to tropical cyclones;

•

Development of meteorological support to food and
fibre production through the development of facilities
and capabilities for the provision of meteorological
services applied to agriculture;

•

Development of services related to climatology and
drought monitoring in order to provide support to
developing countries with dry marginal areas by
improving their capability for the early warning of
drought and for combating desertification;

•

•

Development of services relating to hydrology and
water resources to assist in the improvement of hydrological networks and services, flood forecasting and
warning systems, and in the assessment and manage-

ment of water resources in developing countries;
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GLOBAL AND REGIONAL PRIORITIES
341. Since the demands on national and international
meteorology and hydrology over the next decade will substantially exceed the foreseeable capacity to respond, it is
necessary to establish a basis for identification of those
programmes and activities to which WMO as an organization
should give priority. Although various specific factors apply
in each case, the Members of WMO have agreed that, in the
formulation and funding of WMO programmes, priority
should, in general, be given to those activities which,
inter alia:
•

Assist in the improvement of the capability of
Members to benefit from WMO Programmes;

•

Reflect the general interest of, and provide benefits to,
all or most of the Members of WMO;

•

Require the involvement of an international agency

0

for their implementation;
Depend, for their success, on widespread participation

of Members;
0

Devolve upon WMO as lead organization, in accordance with the WMO Convention;

•

Provide the greatest benefit at the least cost;

•

Represent the best investment in terms of potential

•

Are likely to have a catalytic effect in generating
support and resource commitment from other sources;

•

Could provide, through support to the programmes of
other organizations, substantial benefit at small incre-

benefit to future generations;

mental cost.

342. Global and regional priorities are those supported by a
large number of Members, either globally or regionally as
the case may be. Such widely agreed priorities do not
reflect all national priorities since the specific requirements
for particular meteorological and hydrological services vary
in accordance with factors such as climatic regime, population density and dominant economic factors. Nevertheless,
there are a number of important global and regional priorities that have been identified. These are set out in the
following paragraphs.

GLOBAL PRIORITIES
343. The World Weather Watch - the continuous and internationally co-operative surveillance of global weather and
exchange of information that supports the provision of operational meteorological services in all countries, and also
supports most other programmes of WMO - continues
to be the basic and highest-priority Programme of the
Organization. At the same time, the World Climate

Programme and the environmental aspects of other WMO
programmes require increased emphasis.
344. After review of changing national needs and the
changing international environment of the 1990s, the
Members of WMO have decided that the Organization as a
whole should direct particular attention to the following new
priorities and areas of emphasis within major Programmes
during the next decade:
•

Accelerating the implementation of the operational
WWW to meet the challenges of the 1990s;

•

Monitoring and evaluation of climate change;

•
•

Implementation of the Global Atmosphere Watch;

•

WMO contribution to the International Decade for
Natural Disaster Reduction;

•

Bridging the gap: WMO action for support of the
accelerated development of national Meteorological
and Hydrological Services in developing countries;

•

Public weather services for public safety and community benefits;

•

WMO's Public Information Programme to increase
awareness world-wide of the benefits from effective
meteorological and hydrological information and
understanding.

Environmental emergency response system;

REGIONAL PRIORITIES
345. Boundaries of Regions do not coincide with the
boundaries of climatic regimes or with those of economic
development. Nevertheless, the Members of regional associations have identified a number of high-priority
common needs in terms of activities, and of WMO programmes, that contribute to the attainment of national and
regional economic and social goals. These are set out in the
following paragraphs.
Region I (Africa)
346. The Region includes the second-largest continent
(30 million km2), with a population of 500 million, and
comprises 54 Members, all in developing countries. One of
the main problems in the Region is decreasing per capita
food production due, inter alia, to climatic factors such as
drought, under-investment in agriculture, physical deterioration of arable land, and rapid population growth. Hence,
the main area where meteorology and operational hydrology
can help is in increasing food production, the ultimate aim
being food self-sufficiency.
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Figure 39- WMO Regions

347. The proper identification of priorities for an area such
as Region I, with vastly different climatic conditions and
composed of countries in varying stages of development, is
not an easy task. Priorities should be such as to ensure that
the level of national Meteorological and Hydrological
Services in the Region is raised to a level that would contribute effectively to national economic development. At
the same time, emphasis should also be placed on the need
for ensuring that the collective goals of WMO programmes
are kept in mind.

and effective functioning of centres such as the
African Centre of Meteorological Applications for
Development (ACMAD), AGRHYMET, droughtmonitoring centres, and other regional centres;
•

Undertaking further development of computer-based

data processing through full implementation of
CLICOM;
•

Placing greater emphasis on environment matters and
climate-change issues including increased attention to

the Global Atmosphere Watch;

348. Over the coming decade emphasis will be on the user
community, including decision-makers and planners, with

•

corresponding attention towards the strengthening of
Meteorological and Hydrological Services. It will be a
period of consolidation of action already undertaken and for
taking new initiatives. Some of the areas that will require
priority attention are:

Strengthening of manpower development activities
and research;

•

Enhancement of technical co-operation by means of
increased use of economic subgroupings and the

•

•

•

Strengthening the institutional framework of
Meteorological and Hydrological Services while
directing efforts towards the creation of unified
services and reduction of parallel activities;
Undertaking concerted efforts and the use of appropriate new technology for optimum implementation of
the observing system as well as data and product
exchange and processing facilities;
Ensuring effective transfer of technology and methodologies as well as the development of applications of
meteorology and hydrology to all aspects of human
well-being and activities and socio-economic development, agriculture, water resources, energy,
transport, maritime activities, nature conservation,
safety, disaster prevention and preparedness, etc.

These could be achieved through the strengthening

application of the concept of strategic approach to
technical co-operation.

349. The Members of Region I consider that the strategic
approach to technical co-operation in support of the objective of bridging the gap must be implemented on a priority
basis. They believe that every effort must be made to
enhance the resources available for technical co-operation

through the VCP, the WMO regular budget, trust funds,
UNDP and other donors' support.
350. The marked variations in weather conditions between
the various parts of the African continent result in corresponding variations in national and sub-regional priorities.

While acknowledging the strong interdependence among the
various individual programmes, the Association attaches

highest priority to the following WMO Programmes:
(a)

All components of the WWW. These, however,
require the improvement of the telecommunication
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and data-processing systems in the Region and
strengthening and effective functioning of specialized
regional centres such as ACMAD;

•

Protection and improvement of environmental quality
with emphasis on the monitoring of the atmospheric
environment;

(b)

The Education and Training Programme and technical
co-operation in general;

•

Effective systems of meteorological services to aviation and to all areas of maritime activities;

(c)

The World Climate Programme and its four cornponents, and in particular the WCASP, which
contributes to the technology transfer in the application of climatic data in all fields of economic
development;

•

Enhancement of socio-economic benefits of meteorological and hydrometeorological services in the
Region with emphasis on the development of methods
for assessing their effectiveness, taking into account
different situations of Members.

(d)

All environmental aspects and the tropical meteorology research component of the Atmospheric
Research and Environment Programme.

353. In terms of WMO Programmes, Members in the
Region attach highest priority to:
•

All components of the World Weather Watch Programme, including the Tropical Cyclone Programme,
with particular emphasis on aspects of the GTS, GOS
andGDPS;

•

All four components of the Applications of
Meteorology Programme (Public Weather Services
Programme, Agricultural Meteorology Programme,
Aeronautical Meteorology Programme, Marine
Meteorology Programme and Associated Oceanographic Activities Programme);

•

Hydrology and Water Resources Programme;

•

Atmospheric Research and Environment Programme,
in particular weather prediction research, tropical
meteorology research and the Global Atmosphere
Watch;

•

Education and Training Programme and Technical
Co-operation Programme;

•

The data and applications components of the World
Climate Programme.

Region 11 (Asia)
351. The Region is the largest of the six, as regards both its
land area and its population. Its climatic conditions are the
most varied and its Members have a wide range of interest
in all WMO programmes. Defining priorities which are
distinct for the Region is therefore difficult. However, the
production of enough food and fibre for a large and increasing population in the world's largest areas of rain-fed
agriculture, and the effects of monsoons and tropical
cyclones, pose some special problems. Moreover, as most
of the Members in the Region are developing countries,
there is a pronounced interest in promoting the transfer of
knowledge and technology between countries.
352. The Association has a particular interest in those
WMO activities which provide support - through the establishment and maintenance of the necessary international
systems and arrangements -to:
•

Weather prediction, both for general purposes and for
specific user groups, on all time-scales, with particular emphasis on the prediction of the onset and
cessation of the mohsoons and the formation, development and trajectories of tropical cyclones;

•

Enhancement of space-based and remote-sensing
means of data collection;

•

Prevention and reduction of effects of natural disasters, including severe weather, floods and other
events;

•

•

•

•

Specialized meteorological and hydrological services
to water management with emphasis on hydrological
forecasting, flood control, and water-resource assessment and utilization;
Specialized meteorological and hydrological services
for agricultural sectors, particularly in rain-fed areas;
Climate data and advisory services (development of
databanks, standardization of data processing and
archiving) in order to improve national, regional and
global data exchange for various applications;
Study of regional aspects of climate change;

Region Ill (South America)
354. In view of the climatic, geographical and economic
character of the Region and the predominance of developing
countries among its membership, a number of areas stand
out as priority issues. The Association attributes particular
importance to WMO activities which directly or indirectly
support Members' efforts in the provision of meteorological
and hydrological services to meet the national needs of the
countries in the Region. The following activities are of
particular interest for many Members in the Region,
although priority ranking may vary from country to country:
•

Meteorological and hydrological aspects of national
planning and environmentally sound resource
management (particularly water and energy);

•

Food production and forestry;

0

Prevention and mitigation of hazards related to
weather and climate (floods, droughts);

•

Climate change and variation (including the impacts
of the El Niiio-Southern Oscillation and human
impact on climate);
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•
•

Enhancement of the role played by meteorology and
hydrology in the socio-economic development of the
countries;
Rationalization and improved efficiency in the application of hydrometeorological data to various sectors

•

Food production and forestry;

•

Effects of human activities on climate;

•

Vulnerability of social and economic systems to
climate change and variation (including the impacts of
the El Nino-Southem Oscillation);

0

Environmental issues (air-quality standards for cities,
transport of pollution to poles, role of the polar areas
in shaping climate);

•

Strengthening the role played by meteorology and
hydrology in the socio-economic development of the

of the economy;

•

Environmental issues (air quality standards for cities,
trans-boundary pollution transport, role of the polar
zones in shaping climate).

355. In order to ensure the necessary support to these
important goals and services, the national Meteorological

and Hydrological Services in the Region give high priority
to the development of their capabilities for weather prediction on all time scales, for the general public and for special
user groups, and to building up their basic climatological
advisory services. In southern parts of the Region, new
emphasis is placed on mesoscale weather forecasting.

356. In terms of WMO Programmes, RA Ill attaches
special priority to:

•

All components of the World Weather Watch
Programme;

•

The Education and Training Programme and the
Technical Co-operation Programme (to reduce the
technological gap between Members of the Region);

•

The Hydrology and Water Resources Programme, the
Agricultural Meteorology Programme and the

countries;
•

application of hydrometeorological data to various
sectors of the economy.

359. In connection with the various issues listed above, the
national Meteorological and Hydrological Services in the
Region give high priority to the development of their capacities to improve weather prediction on all time scales, for

the general public and for special user groups, and to reinforce their basic climatological advisory services.
360. In the northern part of the Region new emphasis is
placed on mesoscale weather forecasting.
361. In terms of WMO Programmes, the priorities are:

•

The research and data components of the World
Climate Programme and the Marine Meteorology and
Associated Oceanographic Activities Programme.

•

The research and data components of the World
Climate Programme;

•

The Education and Training Programme and the
Technical Co-operation Programme (to reduce the
technological gap between Members of the Region);

•

The Hydrology and Water Resources Programme, the
Agricultural Meteorology Progrannne, the Aeronautical
Meteorology Programme and the Marine Meteorology
and Associated Oceanographic Activities Programme;

o

Weather prediction research, tropical meteorology

Region IV (North and Central. America)
357. The land areas of the Region stretch from the Arctic
down to the tropical belt. The levels of technological
development differ markedly between the countries in the
Region. For those in the northern part, the most advanced
technology is readily available and has been introduced,
in a large measure, into meteorological and hydrological
practices. The countries in the tropical belt are largely
dependent on the transfer of basic technology. The structures of national Service activities are also widely varying,
hence the possibility to generalize characteristics is limited
and priorities would be different for countries at different
levels of development.
358. The issues that are of particular interest for many
or at least some Members in the Region, admitting that the
priority ranking might vary in different countries, are:
o

Meteorological and hydrological aspects of national
planning and the sound management of environmental
resources, especially water and energy;

•

Prevention and reduction of the effects of dangerous

climatic and meteorological phenomena (tropical
cyclones, floods and droughts);

All components of the World Weather Watch
Programme, with particular emphasis on the Tropical
Cyclone Programme;

Aeronautical Meteorology Programme;

•

Rationalization and increased effectiveness in the

and environmental pollution monitoring and research

within the Atmospheric Research and Environment
Programme.
Region V (South-West Pacific)
362. Most of the Members of Region V are tropical developing countries. All are extremely subject to the influence
of the Southern Oscillation and El Nino phenomena which
have complex impacts on patterns of drought and flood.
Virtually all face a major seasonal threat from tropical
cyclones. The Region also includes a number of countries

which are particularly vulnerable to the potential impacts of
climate change, especially the sea-level rise that would be
associated with significant global warming. The Members
of RA V thus assign highest priority for the decade
1992-2001 to those activities which will contribute to:
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Natural disaster reduction through the provision ·of
more reliable and more effective warning of tropical
cyclones, monsoon depressions and other extreme

•

•

The development of reliable seasonal and longer-term
forecasting capability, especially in respect of periods
of heavy rainfall and drought and their impact on
water resources and agriculture;
Reduction of the uncertainty as to the degree of potential threat from greenhouse-effect-induced climate
change in the South Pacific;

•

Provision of timely and reliable advice to governments on the state of the global and regional climate
on all time-scales;

•

Effective application of meteorological and hydrological information and knowledge to the solution of
problems of urban environment.

363. Since all of these activities will depend critically on
the essential underpinning role of high-quality observational
data and the operation of efficient national and regional
systems for distributing the end-products quickly and accurately to users, the Association sees the full and effective
implementation of the World Weather Watch in the Region
. as its most important task for the decade. This must include
in particular:
o

•

•

Maintenance and upgrading of the basic meteorological networks of the Region to achieve the coverage
and high observational standards necessary for comprehensive long-term climate monitoring and detection
of climate change;
Development of improved and tailored GDPS products to support Members' services to both the general
public and specialized user groups;
Upgrading of the regional telecommunications systems
both for rapid and reliable data collection and for
distribution of GDPS products to national Services and

•

•

Closer co-ordination with IGOSS and other marine
data-collection and monitoring programmes;

•

Closer collaboration with other related bodies in
the Region, especially UNESCO, IOC-WESTPAC,
ESCAP, ASEAN and the South Pacific Commission;

•

Upgraded climate data and advisory services (which
must include the establishment of databanks, standardization of data processing, archiving in order to
facilitate international exchange, and the provision of
services to suit the needs of users);

•

Improved education and training of staff to a level of
competence in various fields of application of
meteorology and hydrology and also in the general
management and operation of Services;

•

Greatly increased assistance to developing countries
in the Region in implementing appropriate modern
technology (hardware and software) to interface effectively with GDPS products and facilitate their use in
provision of services at the national level.

365. For the immediate future, the Region has identified
the following as its specific priorities for achievement
during the eleventh financial period:
•

The effective implementation of the Tropical Cyclone
Operational Plan for the South Pacific and South
Indian Ocean;

•

The full implementation of the ASEAN Specialized
Meteorological Centre;

•

nologies which are being implemented within the
World Weather Watch.
364. While the achievement of reliable and effective
operation of World Weather Watch basic systems in the
South-West Pacific will be fundamental to all WMO
programmes, accomplishment of the Region's highestpriority objectives for the decade will also require:

•

A determined effort to upgrade the national
Meteorological and Hydrological Services of the
developing-country Members to at least the level
necessary for them to contribute effectively to national
economic development;

Increased public education in disaster mitigation,

especially in respect of the role of the tropical cyclone
warning system and other initiatives planned for
implementation during the International Decade for
Natural Disaster Reduction;
Increased public awareness of the benefits from the
application of meteorology and operational hydrology
to the full range of community needs and of the potential contribution of national Services to the important
objective of environmentally sustainable development;

Upgraded training of staff, particularly in the various
new communications and data-management tech-

involvement of, and assistance to, the non-Member

•

other users;

•

The development of mechanisms for ensuring greater
island nations in the Region, whose participation will
be essential to the overall success of the regional
programme;

weather events, including associated storm surges and
flash floods;
0
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Designation of an agreed reference climate monitor-

ing network and development of a definitive historical
climate data set for the Region;

•

The establishment of a tropical baseline air-pollution
station in the western part of the Region.

366. In the light of its identified priorities, the Association
attaches particular importance to the following WMO
programmes:
•

All components of the World Weather Watch Programme, including the Tropical Cyclone Programme,
with special emphasis on regional aspects of the GTS,
GOS and GDPS;
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•

All four components of the Applications of Meteorology Programme;

•

Increase the availability of data from ocean and sea
areas;

•

The World Climate Programme (especially data and
applications);

•

Support satellite agencies in order to develop operational and experimental programmes;

•

The Education and Training Programme and the
Technical Co-operation Programme;

Improve the retrieval of data from satellite sounders;

•
•

The Hydrology and' Water Resources Programme;

•
•
•

Monitor the environment meteorologically as well as
for the existence of all forms of pollutants;

0

Develop the use of ground-based remote-sensing techniques, including weather radar networks;

367. The majority of Members in Region VI are developed
countries. The requirements of the various social and
economic sectors for meteorological and hydrological

•

Bring land-based observing networks up to WMOrecommended levels taking into account both density
and distribution of stations.

services are strong and - in most cases - clearly defined.

370. With respect to strengthening the Global Telecommunication System and Global Data-processing System
components of the World Weather Watch, the Association
sees a particular need to:

The Atmospheric Research and Environment
Programme (especially tropical meteorology research
and the Global Atmosphere Watch).

Region VI (Europe)

Many of these countries are small and therefore totally
dependent on international exchange of meteorological
and - within international river basins - hydrological data.
Members of RA VI assign the highest priority for the decade
to those activities which will:
•

Promote the standardization of observations and
instruments, particularly in the context of applying
new technologies;

o

Facilitate the exchange of meteorological data and
reports;

o

Assist national Meteorological and Hydrological
Services to provide sound, scientifically based and
practical advice on national, regional and global environmental issues, including climate change and
the accidental release of hazardous substances;

•

Strengthen the Meteorological and Hydrological
Services of the less-developed Members of the
Region.

368. All of these activities depend upon an efficient
and effective World Weather Watch Programme. The
Association attaches highest priority to further development
and strengthening of the World Weather Watch. Within the
World Weather Watch system there is a continuing trend
towards centralization and specialization of numerical
weather prediction functions in Regional and World
Meteorological Centres. The organized distribution of
forecasts and other products from these centres to National
Meteorological Centres is becoming an increasingly
important activity. In order to improve weather forecasts
with lead times of beyond a few days, measures are needed
to ensure the receipt by regional and global centres of
observational data from remote areas and to safeguard the
free and unrestricted exchange of basic data and forecasts on
a global scale.

•

Improve the efficiency of telecommunications for
both basic data and processed products and further the
use of modern telecommunication protocols and of
appropriate formats, such as BUFR and GRIB;

•

Define possible requirements and needs for Regional
Specialized Meteorological Centres, and establish
centres as necessary. Several centres appear to be
required in order to facilitate action necessary in the

event of nuclear or large-scale chemical accidents;
•

Improve the quality and quantity of data from existing
sources, especially through the use of end-to-end data
monitoring;

Take advantage of advances in computing systems to
improve the management of data and their assimilation in numerical prediction models.

371. Other programmes and activities that will be important for Members of the Association during the next decade
include:
•

Identification of Reference Climatological Stations
and the protection of these stations from local environmental changes;

•

The creation of regional climate databases;

•

The use of synoptic reports for creation of CLIMAT
messages using computer software, and the transmis-

sion of these messages to the relevant centres;

•

Applications of meteorological and hydrological
services, in particular to:
- Agriculture in general and especially in highly
industrialized areas;
- Industry in general and with particular emphasis on
energy use;

369. With respect to strengthening the Global Observing
System component of the World Weather Watch, the
Association sees a particular need to:

•

Develop future generations of satellite sounders,
including those for experimental monitoring;

- Management of water resources;

•

The exchange of hydrological data and forecasts
between Members, especially where they share river
basins;
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•

The development of regional climate modelling and
the study of climate-change impacts in the Region;

o

Intensified co-operation for the exchange of hydrological data and forecasts between Members;

•

The establishment of stations for the purpose of monitoring pollutants and trace constituents of the
atmosphere;

•

Application of modem technology, especially through
transfer of expertise and experience;

•

•

Further development of transport and diffusion
models for prediction of movement of radioactive or
other harmful material following accidental releases
into the atmosphere or water bodies.

Establishment of co-ordinated technical co-operation
projects in order to assist all Meteorological and
Hydrological Services to strengthen their infrastructnre;

•

The engagement of private firms in applied meteorology and the problem of recovering contributions to
the meteorological and hydrological infrastructure.

372. The following issues are of particular importance for
Members and will form the priority areas for action during
the eleventh financial period:

373. In order to implement activities in the areas of special
consequence to Members, the Association attaches particular
importance to the following WMO Programmes:

•

The WWW system and the need to obtain data from
currently data-sparse areas;

•

The development and maintenance of meteorological
and hydrological observing systems, both ground- and
space-based;

•
•

Improvements in weather forecasting;

•

The need to develop climate models to reduce uncertainties in the assessment of climate change;

The Education and Training Programme and the
Technical Co-operation Programme;

•

The World Climate Programme, with special effort
directed towards the World Climate Data and
Monitoring Programme;

•

The Atmospheric Research and Environment
Programme, especially the Global Atmosphere Watch;

•

The Hydrology and Water Resources Programme;

0

The Applications of Meteorology Programme.

•

The effective and efficient use of meteorological and
hydrological services in various economic sectors
including economic planning, water resources management, environmental planning, land-use planning,
urban development and general resources management;

•

0

Pollution of all kinds, especially from catastrophic
events;

All the components of the World Weather Watch
Programme, including data management support functions of the GOS, and data quality monitoring;
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RESOURCES
374. Resources to implement the Plan and achieve the
main long-term objectives and priorities of the Organization
will be provided through:
•

Members' own resources to implement, through their
national programmes, their own part in internationally
agreed WMO Programmes;

•

The regular budget of WMO;

•

Technical co-operation (UNDP, the Voluntary Cooperation Programme, trust funds, bilateral aid, etc.);

•

Contributions by Members and donor agencies to cooperative arrangements;

•

Special voluntary funds established to support particular programmes or parts of programmes.

participating countries can be improved at minimum cost.

375. The programme objectives of WMO are largely
accomplished through national programmes of Members of
the Organization. Members operate the necessary observing, telecommunications and data-processing systems (e.g.
the National, Regional and World Meteorological Centres),
provide meteorological and hydrological services to user
communities and conduct related research and development

Regional
programme
11.3%

actlVlues. In addition to the strictly national programmes
and activities, Members are encouraged to develop bilateral
or multilateral co-operative arrangements as cost-effective
ways for both the development of new techniques and the
establishment and operation of sophisticated infrastructures
and facilities. This allows better use of advanced technologies and helps provide the means by which services in
Such arrangements also contribute to the training of staff in
a stimulating work environment.
376. World-wide, substantial resources are committed to
the conduct of progrannnes of national Meteorological and
Hydrological Services and to other related research, development and servicing activities. The regular budget of
WMO supports the co-ordination, development and fostering of co-operative arrangements to carry out this global set
of interdependent activities. The proportional financial
contributions of Members provide the funds necessary to
carry out Programmes under the regular budget.
377. For more than the last decade WMO has maintained
a zero- or negative-real-growth regular budget in response
to requests by many Members who were experiencing

Overall co-ordination
and public information

2.6%

World Weather
Watch Programme

Education
and
12.8%
Training
Programme

Hydrology
and Water
9.2%
Resources
Programme

18.8%

Programme
Applications
of Meteorology
Programme
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Atmospheric
Research and
Environment Programme

Figure 40 -'Breakdown of proposed expenditures between the scientific and technical programmes for the eleventh
financial period 1992-1995 (total scientific and technical programmes SFR 122.2 million, or 100%)
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difficulties in meeting demands for all expenditure sought
for the public sector. At the same time WMO has strengthened existing Programmes, initiated major new endeavours
such as the World Climate Programme, and responded to the
need to become an active and necessary participant in new
global and regional environmental programmes that include
meteorology or operational hydrology.
378. The maximum expenditure within the regular budget
of WMO approved by Eleventh Congress to implement the
plan during the period, 1992-1995, i.e. the first four years of
the Plan, is SFR 236 100 000 (of which SFR 122 203 000
is direct support for WMO's scientific and technical programmes). Of this amount, SFR 208 700 000 is a
zero-real-growth budget based on the approved budget for
the previous financial period 1988-1991 (SFR 170 000 000)
and on cost increases which occurred since 1987
(SFR 38 700 000). Another SFR 27 400 000 is a full
budgeting provision for staff and cost increases based on the
inflation forecasts for the period 1992-1995. The adoption
of the zero-real-growth framework for the implementation
of ongoing high-priority programmes and of new priorities
and new areas of emphasis within major Programmes in
the period 1992-1995 will require economy measures and
the implementation of the programmes in a cost-effective

manner.
Extra-budgetary resources
379. In addition to the activities financed from the regular
budget, there are others which are financed from extrabudgetary sources. They relate to field programmes such as
those financed by UNDP and executed by WMO, those
implemented under the VCP, trust-fund projects, co-operative arrangements and special voluntary funds. In almost all
cases the arrangements for de11ling with such activities are
closely linked to other projects financed by the regular
budget. The extra-budgetary resources that are expected to
be available during the period 1992-1995 to support specific
components of programmes such as technical co-operation,
education and training, improvement of parts of the World
Weather Watch, and some environmental and climatological
monitoring, research and co-operative work, amount to

SFR 166 120 000. These estimates, however, are
tentative, as they depend upon decisions made outside the
Organization.

Technical co-operation
380. The Technical Co-operation Programme assists developing countries to participate in, and benefit from, other
WMO Programmes. The Programme is funded mainly from
extra-budgetary sources such as UNDP, the VCP, and bilateral and trust fund arrangements. However, some
institutional support is provided from the regular budget in
accordance with Article 2 of the WMO Convention and
decisions of Congress.

Co-operative arrangements
381. The establishment of Regional Specialized
Meteorological Centres - through Members' co-operative
arrangements and generous donations from governments
and other agencies - will continue to be one important
contribution to development and progress during the coming
decade. It has been demonstrated that such centres provide
an economic solution to raising technical capabilities and
improving the provision of services. Similarly, co-operative
arrangements often provide economic solutions to problems
of improving observing networks· in data-sparse areas or
improving communications systems. In those cases in
which WMO is called upon to assist directly with the implementation of co-operative arrangements and the project is
not within an existing Programme, the necessary resources
are provided through the co-operative arrangements.

Special voluntary funds
382. WMO has established a number of special voluntary
funds to be used for particular purposes. For example,
development of parts of the World Weather Watch and some
climate and atmospheric environment activities will be
supported through use of designated funds in order to accelerate implementation of important and urgently needed
activities. Other special voluntary funds may be authorized
by the Executive Council as required.

ANNEX I

WMO PLANNING TERMINOLOGY
For the purposes of the long-term plan, the terms listed
below are used with the meanings indicated.
Activity

An action or group of actions undertaken as part of, or separate from, a WMO programme or project. Spheres of
action cutting across a number of WMO programmes, or
those which are separate from these programmes, are classified as 'activities'.

Programme
A general term describing a set of related activities that must
be undertaken in order to achieve an objective. When referring specifically to the WMO Programme hierarchy the
following terminology is used:
•

Major Programme - is used to indicate a major
grouping of related activities at the first level of
subdivision of the work of WMO. Thus the total
'WMO Programme' may be regarded as made up of
half a dozen or so 'major Programmes' each of which
in turn consists of a number of 'programmes'.

•

Programme - is used to refer to the main individual
components of a WMO major Programme.

Goal
A general term, essentially synonymous with 'objective',
which may be used interchangeably with 'objective' to
indicate a desired end state. Should usually, however, be
reserved for use in a quantitative and/or time-specific sense
though not as time-specific as a target.
Milestone
An intermediate stage on the way to achievement of an
objective, goal, or target.
Objective
A general term used to indicate the desired end-state that is
sought through a programme, project or task. An objective
is usually described in words rather than in numerical terms
and is less specific than a target. When used to indicate
the desired end-state of a WMO major Programme or
programme the following terminology is applied:

•

Overall objective - a relatively broad statement of
what is to be accomplished through a major
Programme. It represents a general description of
ongoing aims, but is more specific and detailed than a
purpose.

•

Main long-term objective- a relatively broad statement
of what is to be accomplished through a programme. It
represents a general description of ongoing aims, but is
more specific and detailed than a purpose.

•

Specific objective - a narrower and more precise statement of what is to be achieved with an indication,
where possible, of the time-scale of its achievement.

Project
An activity designed to achieve predetermined objectives
and targets within a given budget and a given period of time.
It is narrower in scope and more defined in time than a
programme. When referring specifically to the WMO
programme structure each programm·e is regarded as made
up of a set of projects.
Purpose
A statement or statements about a programme or organization which indicate why it exists and, in the broadest terms,
what it seeks to achieve.
Strategy
A course of action to be followed in deploying resources in
order to carry out the specified policies and achieve the
nominated objectives. A strategy statement contains a plan
for implementing an adopted policy, indicating the broad
lines of action required in all the sectors that are involved.
Target
A specific end result to be achieved by an activity or activities. It differs from an objective in that it is more specific
and limited both in scope and in time and is usually
expressed in numerical terms. It forms the primary basis for
monitoring a project or task and is a major input of relevant
information for subsequent programme evaluation.

Policy
A general statement to be used as guidance in order to attain
the defined objectives. A policy statement may include an
expression of objectives, the priorities among those objectives, and the strategy to be followed in attaining them.

Task
A unit of activity in a project or programme designed to
achieve an objective within a given period of time. It is
narrower in scope and more limited in time than a project.
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ACRONYMS AND ABBREVIATIONS
USED IN PART I OF THE TLTP ·
ACCAD
ACMAD
AGRHYMET
AIREP

Advisory Committee on the Climate Applications and Data Programmes
African Centre of Meteorological Applications for Development
Regional Training Centre for Agrometeorology and Operational Hydrology and their Applications
Aircraft weather report

APT
AREP
ARGOS
ASDAR
ASEAN

Automatic picture transmission

ATCM
BAPMoN
BUFR
CAeM
CAgM
CARS
CAS
CBS
CC!
CCWCP
CGIAR
CHy
CIMO
CL!COM
CLIMAT
CMM
CSM
DCP
DMC
DRIBU
EAMAC
EC
ECMWF
EEC
EMEP
EPAC
ESA
ESCAP
ETRP
EUMETSAT
EUROTRAC
FAO

Atmospheric Research and Environment Programme
Data relay and platform location system
Aircraft-to-satellite data relay
Association of South-East Asian Nations
Antarctic Treaty Consultative Meeting
Background Air Pollution Monitoring Netwotk
Binary universal form for the representation of meteorological data (used for the exchange and storage
of data)
Commission for Aeronautical Meteorology (WMO)
Commission for Agricultural Meteorology (WMO)
Climate Applications Referral System
Commission for Atmospheric Sciences (WMO)
Commission for Basic Systems (WMO)
Commission for Climatology (WMO)
Co-ordinating Committee for the WCP
Consultative Group on International Agricultural Research
Commission for Hydrology (WMO)
Commission for Instruments and Methods of Observation (WMO)
Climate computing
Messages issued monthly by national Meteorological Services, providing coded surface climatological
data (CLIMAT reports) for selected stations for the preceding month
Commission for Marine Meteorology (WMO)
Climate system monitoring
Data-collection platform
Drought-monitoring centre
Report of a drifting buoy observation
African School of Meteorology and Civil Aviation (Niamey)
Executive Council
European Centre for Medium Range Weather Forecasts
European Economic Community
Co-operative Programme for the Monitoring and Evaluation of Long-range Transmission of Air
Pollutants in Europe
(Executive Council Panel of Experts on) Environmental Pollution and Atmospheric Chemistry
European Space Agency
Economic and Social Commission for Asia and the Pacific (of the United Nations)
Education and Training Programme
European Organisation for the Exploitation of Meteorological Satellites
European Experiment on Transport and Transformation of Environmentally Relevant Trace Constituents
in the Troposphere over Europe
Food and Agriculture Organization (of the United Nations)
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FCCC
GARP
GAW
GCOS
GDPS
GEMS
GEWEX
G030S
GOS
GRIB
GTCP
GTS
HOMS
HWRP
ICAO
ICSU
IDNDR
IDWSSD
IGBP
!GOSS
!M
!MO
!MOP
INC
INFOCLIMA
INMARSAT
IOC
IPCC
JC/IGOSS
JSC
LRCS
METNO
MTN
NASA

NMC
NWP
OHP

OIS
OWSE
PAGASA
PCCWMR
PLRF
PRIFAS
RA
RMTC
RSMC
RTH
SAC
SATOB
SCAR

Framework Convention on Climate Change
Global Atmospheric Research Programme
Global Atmosphere Watch
Global Climate Observing System
Global Data-processing System
Global Environmental Monitoring System
Global Energy and Water Cycle Experiment
Global Ozone Observing System
Global Observing System
· Gridded binary (processed data in the form of grid-point values expressed in binary form; used for
exchange of processed data)
Global Tropospheric Chemistry Programme
Global Telecommunication System
Hydrological Operational Multipurpose System
Hydrology and Water Resources Programme
International Civil Aviation Organization
International Council of Scientific Unions
International Decade for Natural Disaster Reduction
International Drinking Water Supply and Sanitation Decade
International Geosphere-Biosphere Programme
Integrated Global Ocean Services System
Integrated monitoring
International Meteorological Organization (predecessor of WMO)
Instruments and Methods of Observation Programme
Intergovernmental Negotiating Committee (for a Framework Convention on Climate Change)
World Climate Data Information Referral Service

International Maritime Satellite System
Intergovernmental Oceanographic Commission (UNESCO)
Intergovernmental Panel on Climate Change (WMO/UNEP)
Joint Committee for the Integrated Global Ocean Services System (IOC/WMO)
Joint Scientific Committee on the World Climate Research Programme (WMO/ICSU)
League of Red Cross and Red Crescent Societies
Advance telegraphic notification relating to the operation of the WWW
Main Telecommunication Network
National Aeronautics and Space Administration (USA)
National Meteorological Centre
Numerical weather prediction
Operational Hydrology Programme
WWW Operational Information Service
Operational WWW Systems Evaluation
Philippine Atmospheric, Geophysical and Astronomical Services Administration
(Executive Council Panel of Experts on) Physics and Chemistry of Clouds and Weather Modification
Research
Programme on Long-range Forecasting Research
Programme de Recherches Interdisciplinaire Fran,ais sur les Acridiens du Sahel (France)
Regional Association

Regional Meteorological Training Centre
Regional Specialized Meteorological Centre
Regional Telecommunication Hub
Scientific Advisory Committee on the WCIRP (UNEP)
Satellite observation
Scientific Committee on Antarctic Research
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SOLAS
SSA

swcc
TCDC
TCO
TCP
TMRP

TOGA
TOVS
UN
UNCED
UNDP
UNDRO
UNEP
UNESCO
VCP
WCASP
WCDMP
WCIRP
WCP
WCRP
WESTPAC
WIFMA
WHO
WMC
WMO
WMOSA
WOCE

www
WWWDM

International Convention for the Safety of Life at Sea
WWW System Support Activity
Second World Climate Conference
Technical Co-operation among Developing Countries
Technical Co-operation Programme
Tropical Cyclone Programme
Tropical Meteorology Research Programme
Tropical Ocean and Global Atmosphere Programme
TIROS Operational Vertical Sounder
United Nations
United Nations Conference on Environment and Development
United Nations Development Programme
Office of the United Nations Disaster Relief Co-ordinator
United Nations Environment Programme
United Nations Educational, Scientific and Cultural Organization
Voluntary Co-operation Programme (WMO)
World Climate Applications and Services Programme
World Climate Data and Monitoring Programme
World Climate Impact Assessment and Response Strategies Programme
World Climate Programme
World Climate Research Programme
Western Pacific Experiment (IOC)
Advance telegraphic notification relating to the operation of the marine meteorological services
World Health Organization
World Meteorological Centre
World Meteorological Organization

WMO Satellite Activities
World Ocean Circulation Experiment
World Weather Watch
WWW Data Management
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ANNEX Ill

RESOLUTION 28 (Cg-XI)
THIRD LONG-TERM PLAN
THE CONGRESS,
NOTING:
(1)

Resolution 25 (Cg-X), under which Tenth Congress approved the Second Long-term Plan,

(2)

The decision of Tenth Congress in Resolution 26 (Cg-X) concerning !he preparation of the Third Long-term Plan,

ADOPTS, under the provisions of Article 8 (a), (b) and (c) of lhe WMO Convention, the Third WMO Long-term Plan
(hereinafter called '!he Plan') for lhe period 1992-2001, consisting of:
Part I -Overall policy and strategy;
Part I!- Programme plans:
Volume l -The World Weather Watch Programme;
Volume 2 - The World Climate Programme;
Volume 3 -The WMO Atmospheric Research and Environment Programme;
Volume 4- The WMO Applications of Meteorology Programme;
Volume 5 -The WMO Hydrology and Water Resources Programme;
Volume 6- The WMO Education and Training Programme;
Volume 7 -The WMO Technical Co-operation Programme;
REQUESTS the Secretary-General to arrange for the publication and distribution to all Members and constituent
bodies of WMO - and to other international organizations as appropriate - of Part I and its Executive Summary, and Part II
of the Plan;
URGES Members to take lhe Plan into account in developing and carrying out their national programmes in meteorology and operational hydrology, as well as in their participation in the programmes of the Organization;
REQUESTS the Executive Council, the regional associations, the technical commissions and lhe Secretary-General to
adhere to the policies and strategies set forth in the Plan and to organize !heir activities to achieve the main long-term objectives as defined in lhe Plan;
FURTHER REQUESTS the Executive Council to use lhe Plan as a benchmark to monitor progress and performance
in lhe implementation of the scientific and technical programmes of the Organization and to submit a report to Twelfth
Congress.

