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Proposals for the World Summit on Sustainable Development

Foreword

Thirty years ago, the United Nations Conference on the Human
Environment was held in Stockholm in the wake of growing concern
about the degradation of the environment. The United Nations
Conference on Environment and Development held in Rio de Janeiro
in 1992 added the developmental dimension. The 2002 World
Summit on Sustainable Development (WSSD), which puts emphasis
on sustainability, is being held when globalization has become an
essential element in human development and when a number of
visible signs demonstrate the increasing precariousness of the
environment. More than ever before, all levels of society are showing
greater awareness of the urgency to ensure a better protected and
managed environment, while fulfilling the basic needs of humanity
for a more prosperous and safer future for all nations of the world. It
is only through global partnership that these objectives, crystallized
in the concept of sustainable development, can be achieved.
For these reasons, the issues that relate to sustainable development
have been high on the agenda of the United Nations Millennium
Declaration of the Heads of State and Government and other
summits. Foremost among these are poverty alleviation, change in
consumption patterns and the protection of global commons,
including the Earth’s atmosphere, oceans, freshwater and ecosystems.
Most of these concerns are also at the core of the activities and
mandate of the World Meteorological Organization (WMO). As
weather, climate and water do not recognize political or economic
boundaries, the Organization has played a leading role in mustering
international cooperation to address the relevant global challenges.
Accordingly, it has promoted advances in science and technology and
in their wide application to socio-economic development activities,
while ensuring the free and unrestricted exchange of related data and
information.
Quality-controlled data have been collected, often for over a
century, in various parts of the world, by the National Meteorological
and Hydrological Services (NMHSs) as well as through atmospheric
experiments and basic research. This has allowed WMO to spearhead
the campaign to alert the world community to the deteriorating
environment, and in particular to issues relating to global warming
and climate change, sea-level rise, the growing incidence of natural
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disasters, ozone depletion, transboundary transport of pollutants,
dwindling freshwater resources and increasing pollution of the
atmosphere and water. The authoritative information from WMO on
the current and projected state of the environment has thus formed
the basis for the formulation and implementation of many of the
environment-related conventions such as those on climate change,
desertification and ozone. Such information therefore remains the
cornerstone of all strategies and plans of action aimed at achieving
sustainable development.
One of the challenges for the WSSD is therefore to ensure a
strengthened system for monitoring weather, climate and water
resources. The Summit should also promote the necessary framework
for synergy among the relevant national and international
programmes, and commit nations to pull together resources and
global intellectual capital in addressing the sustainable development
challenges of the 21st century. Now is the time to act and, in this
effort, WMO will remain an active and committed partner.

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

In the context of the Summit, consideration of societal implications of
weather-, climate- and water-related processes in the Earth’s environment
should include a review of:
● Effects of weather, climate and water on the three pillars of sustainable

development — economic growth, social development and conserving
natural resources and the environment;
● Ways and means to reduce the vulnerability of societies to weather,

climate and water events, particularly the related natural hazards and
climate change, to protect life and property, and enhance quality of
life;
● Ways and means to obtain increased benefits from the knowledge,

understanding and prediction of natural processes related to weather,
climate and water through the improved and properly organized
services to socio-economic sectors;
● Linkages of the processes related to weather, climate and water with

main issues and challenges to be addressed by the Summit, such as
eradicating poverty, access to energy sources, reducing environmentrelated health problems, and water resources management to improve
access to clean water.
In all these areas, concerted efforts of major groups and governments
are required to incorporate, in an optimal manner, weather-, climate- and
water-related applications and services into sustainable development.
WMO has been contributing and will continue to contribute to these
efforts, as the Organization responsible in the United Nations system for
matters concerning the state of the Earth’s atmosphere, its interaction with
the oceans, the climate it produces and the resulting distribution of water
resources.
At the country level, a critically important role belongs to the National
Meteorological and Hydrological Services (NMHSs) established in all
185 WMO Member countries. This unique network of cooperating
national agencies, coordinated by WMO, provides substantial benefits to
society, inter alia, in protection of life and property, safeguarding the
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environment, providing information and assessment for relevant policy
formulation, and in meeting international commitments. The
enhancement of the capacity of the NMHSs, particularly in the area of
observations, communications and warning services, will be crucial in
ensuring that they more fully serve the interests of society in the quest for
sustainable development.
The contribution of WMO to the safety and well-being of people
throughout the world, the eradication of poverty and the economic
benefit of all nations results in:
● Improved protection of life and property

This involves reduction of the social and economic impacts of natural
disasters, for example tropical cyclones, floods, strong winds, droughts,
desertification, forest fires, severe storms and pollution events. It also
involves reduction of vulnerability to weather, climate and flood events,
including changes in urban climate and hydrology, the effects of excessive
heat and cold in urban areas, and the impact of sea-level rise. Increased
awareness and preparedness of people and society with respect to the
wide range of natural disasters of hydrometeorological origin should be
achieved through better availability of related information and warnings,
including products provided by NMHSs.
● Increased safety on land, at sea and in the air

This is achieved through enhanced provision of user-oriented
meteorological, hydrological and oceanographic forecasts and services.
High-quality products and services, provided in a timely manner, should
enable those concerned to select safer options and reduce risks associated
with various means for travel and transport. Of particular importance for
travel and transport by air is the provision of warnings of en-route
meteorological and environmental hazards, including turbulence, icing,
volcanic ash and tropical cyclones; for travel and transport by land, it is
the provision of warnings of icing conditions and strong winds. For
enhanced safety of life and property at sea more detailed and varied
marine weather and ocean condition services of higher quality should be
provided.
● Enhanced quality of life

The hydrometeorological and related information and services are
important preconditions for achieving this. Weather and climate
information and forecasts, together with specialized agrometeorological
services, contribute to the development of optimally managed and less
vulnerable agriculture, to the combat against droughts and desertification,
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and thereby to sustained food availability. Hydrometeorological
information and forecasts are also critically important for the assessment
and improvement of management of water resources. Governments,
socio-economic sectors and the general public should be better informed
and educated on societal values of meteorology, hydrology and related
sciences and on benefits, which could be obtained from proper
application of these sciences. Better air quality, reduced health problems
and better quality of everyday life are just a few examples of such benefits.
● Sustainable economic growth

Improved protection and increased safety of life and property, together
with enhanced quality of life, are intimately interrelated with sustainable
economic growth. At the same time, there are a number of activities,
which would be contributing directly to sustainable economic growth,
including proper application of meteorological, hydrological and related
information and forecasts in the planning and management of
agriculture, renewable energy production, water resources, and better use
of meteorological conditions to increase economic benefit.
● Protection of the environment

This involves better, more reliable and timely advice to policy and
decision makers with regard to policies and courses of action to be taken,
on national, regional and international scales, to prevent adverse climate
modification and damage to the natural environment, including both
freshwater and marine ecosystems. Availability of weather, climate,
hydrological and oceanographic information should enable regular
assessments of the environmental state and its trends as a basis for a
decision-making process aimed at reducing or even eliminating adverse
human impact on the natural environment.
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Weather, climate and water issues in
sustainable development
Strategic goals
Strategic goals related to weather, climate and water issues include:
● Enabling the delivery of increasingly accurate and reliable warnings

of severe events related to weather, water, climate and the related
natural environment throughout the world, and ensuring that the
warnings reach their target audience in a timely and useful manner.
This would involve improving the accuracy and reliability of the
analyses, forecasts and warnings of natural hazards such as tropical
cyclones, floods, strong winds, droughts, forest fires, severe storms,
pollution events, and periods of intense heat and cold. This should also
include improving seasonal and longer-term predictions of changes in the
timing, severity or frequency of severe events, such as associated with
El Niño and global warming (including information on the likely
consequences of climate change at a regional level). Effective mechanisms
should be ensured for regularly presenting information to governments,
relevant organizations and the public, advising on areas at increased risk
of natural disasters and actions which could be taken to reduce or
mitigate the potential impacts of such disasters.
● Strengthening the monitoring networks of the atmosphere, the

oceans, rivers and lakes to observe, record and report on the weather,
water resources, climate and the related natural environment, and
enhancing systems to exchange data, products and information.
The maintenance and improvement of numerous observing and data
collection and management networks, as well as the systems for the
exchange of data and products, require continual support of national and
international funding agencies, and keeping up to date with new
technological developments. Coordination of activities of these networks
and systems at the global and regional levels is usually provided by
relevant international and/or regional organizations, as is the case of the
WMO World Weather Watch (WWW), WMO Global Atmosphere Watch
(GAW), and the Global Climate Observing System (GCOS) coordinated
by WMO in cooperation with several partners. The coordination effort
includes activities aimed at ensuring that the principle of free and
unrestricted international exchange of data and products promoted by
WMO is maintained.
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beneficial weather, water, climate and
related environmental services to the
public, governments and other customers
throughout the world.
The provision of focused services to socioeconomic sectors, such as aviation, marine
activities, agriculture, the public sector,
including health (air quality, water quality,
ultraviolet radiation and pollution services) and
leisure, assessment and management of
freshwater resources, and industry
(construction, tourism, retail, energy, utilities)
should be improved. These focused services
should include improving communication with
organizations and users who may benefit from
receiving the services to ensure, in particular,
that the type, format, timeliness and method of
delivery of the services are appropriate and
useful. Integration of services should be
enhanced, applying the paradigm of
sustainability science, which addresses the
complex interaction between the various
components of the Earth’s system, and its
interaction with society.

that affect the current and future state of
the atmosphere, the weather, water
resources, the physical state of the oceans,
climate change and related environmental
states, such as air quality and pollution
levels.
The research strategy should involve
improved linkages with pertinent disciplines in
the spirit of the sustainability science paradigm,
taking the fullest account of relevant parameters
associated with the weather, climate,
hydrological and oceanographic conditions, as
well as parameters outside geophysical fields, as
appropriate. Collaboration and cooperation on
a regional and global basis should be improved

between centres, which carry out research into the processes and the
development of prediction systems.
● Enhancing the capabilities of National Meteorological and

Hydrological Services to deliver services, and improving cooperation
and collaboration between them.
Regional and international cooperation and collaborative programmes
between developed and developing nations should be promoted,
particularly in the areas of technology transfer and capacity building.
Education and training of staff, especially in developing country NMHSs,
should be supported to enable them to take advantage of developments in
weather, climate and environmental science, new technologies, new
management methods and new techniques for meeting user requirements.
● Increasing awareness of the public, governments and other

interested parties about the socio-economic benefits of
understanding the weather, water, climate and related environment.
The socio-economic value of the services of the NMHSs should be
more fully demonstrated. Education of the public should be promoted
using the media, and of students through the elementary and high school
educational programmes.
● Further developing effective collaboration of the scientific and

technological community with relevant international partners, and
its interaction with academia, the media and the private sector.
This involves, in addition to the multidisciplinary cooperation in
meteorology, hydrology, oceanography and related environmental fields, a
high level of collaboration within the United Nations system. The
development of joint inter-agency programmes to address the influence of
weather, climate, water resources, oceanography and related topics should
be further encouraged. Cooperation with those non-governmental
organizations active in the fields of meteorology (including climatology),
oceanography, hydrology and water resources management should also be
strengthened. Better collaboration of NMHSs with the media, academia,
local and national governments, as well as more involvement of the
private sector, and improved communication with international funding
institutions should continue to be promoted.
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Priority areas
The strategies outlined above are, and have to be, pursued at the global
and regional levels through a number of priority activities. The WMO
priority activities involve implementation of programmes and projects,
which consolidate and coordinate national efforts, and serve as a
framework for the provision of assistance and support to nations,
especially developing countries.
The priority areas are:
● Prevention and mitigation of natural disasters;
● Observing and predicting the world’s weather-, climate- and waterrelated processes;
● Applications and services;
● Weather, climate and hydrological research;
● Building capacity and awareness.

Prevention and mitigation of natural disasters
Extremes of nature are not inherently catastrophic, and with time the
natural environment often shows remarkable powers of adaptation and
regeneration. However, they can become disasters when they seriously
affect people, property and the environment. The human and economic
losses associated with natural disasters can be devastating. A single
disaster can, at a stroke, wipe out a lifetime of work by individuals,
families and communities, set back the economic growth of entire regions
for years and cause environmental degradation that remains in evidence
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decades later. Settlement and economic development in flood-prone areas
— including informal settlements on the periphery of cities in many
developing countries — aggravate problems of flooding, erosion and
pollution.
The worst flooding in Mozambique in the past century caused damages,
which represented 11.6 per cent of Mozambique’s GNP. India experienced
unusually heavy monsoon rains in 2001, which caused flooding in the state
of Orissa; some six million people were affected by the event. Some
250 000 people perished in the Sahel drought of 1968 to 1973, demonstrating yet again the tragic human dimension of natural disasters.
Major tropical cyclones, such as Hurricanes Georges and Mitch in the
Caribbean in 1998, can set back national economies for several years.
When Hurricane David struck Dominica in 1979, it took many years
before the GDP per capita recovered to the 1978 level. The El Niño
phenomenon that affected large parts of the world in 1997–1998 is
another vivid example of the impact of extreme climate variability.
Natural disasters have led to an enormous toll of human suffering, loss
of life and property damage, sometimes reaching US$ 440 billion in a
year. In the past 20 years, natural disasters worldwide have killed over
three million people (with 90 per cent of deaths occurring in developing
countries), inflicted injuries, facilitated the spread of diseases and
displaced over one billion people. Statistics have also shown that
reinsurance claims related to natural disasters have increased threefold
between the 1960s and the 1980s. The 1997–1998 El Niño event resulted
in global socio-economic losses of more than US$ 96 billion, with about
110 million people affected worldwide.
Yet technical means exist and others are under further development
from the application of the atmospheric and related sciences to reduce
losses through improved observation networks, communication
facilities, analysis, forecasting, warning and preparedness systems,
all-hazard risk assessments for design of safer structures and land-use
zoning in areas prone to natural disasters. For instance, improved
forecast of tropical cyclones with effective dissemination of warnings and
wider awareness and preparedness of the vulnerable population in
Bangladesh led to reduction of loss of life — about 200 deaths in 1994,
compared to 13 000 in 1991 and 300 000 in 1971 — for tropical cyclones
of similar intensity.
In some cases, it is possible to avoid natural disasters in certain hazard
areas by removing human settlement from a floodplain or river delta. In
other cases, it is a matter of restricting new construction, elevating
structures to remove the threat of flooding, building to higher
specifications in tropical cyclone areas or, in the case of drought, adapting
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agricultural practices. Long-term preventative measures to mitigate the
effects of natural disasters will therefore include wiser land use, especially
in marginal areas, coastal zones and flood plains, and the construction of
safer buildings. There is also compelling evidence that adequate warning
systems and other preparations can significantly reduce loss of life and
minimize damage to property.
There is much that countries can do to mitigate natural disasters, over
75 per cent of which are related to weather and climate. Warning services
before disasters strike can and should be improved, in the spirit of the
United Nations Secretary-General’s call for a culture of prevention. In
particular, emphasis should be given to the strengthening of the relevant
observation and communication capacities of NMHSs so that the
appropriate warnings can be provided. Studies of the economics of
disasters showed that for every dollar spent on prevention and
preparedness, more than US$ 100 are required for an equivalent effect
following a disaster.
A number of regional centres have been established in the tropical
cyclone basins to provide advisories and warnings. In addition, humaninduced and other environmental emergencies, in particular nuclear and
chemical accidents, volcanic ash, smoke and haze from forest fires, have
implications for neighbouring countries. Addressing such situations
requires international collaboration. WMO’s specialized centres in
Australia, Canada, China, France, Japan, Russian Federation, UK and USA
enable the tracking and prediction of the transboundary movement of the
offensive substances.
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Among the key objectives of NMHSs are ensuring public safety,
protecting property and serving communities. Planning, involving
rigorous design requirements, and the provision of weather and flood
warnings, can save lives and minimize damage. Although these measures
cannot avert severe natural phenomena, they have demonstrably
shortened the recovery period afterwards. In many regions the mitigation
of some natural disasters has already been achieved, sometimes
repeatedly, through planning centred on robust public infrastructure and
arrangements that draw fully upon meteorological, hydrological and
related scientific information.

Location of WMO
Regional Specialized
Meteorological Centres
(RSMCs) for tropical
cyclones and transport
models

Observing and predicting the world’s weather–,
climate- and water-related processes
Over the past several decades, the global community has benefited from
international observational and research programmes, including those
sponsored by WMO in collaboration with other organizations. In
particular, systematic observations within the WMO World Weather
Watch using standardized methods have provided worldwide data for
analysis, research and modelling of the atmosphere and its changing
patterns of weather systems. Specialized programmes of observation of
the chemical constituents of the atmosphere, such as the WMO Global
Atmosphere Watch, or the circulation of the oceans have led to a better
understanding of climate variability and change, and especially of the
interactions between the domains of the climate system (the global
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atmosphere, the world’s oceans, the cryosphere,
the land surface and the biosphere). These
efforts have culminated in:
● Improved weather forecasting;
● Enhanced information on seasonal to
interannual climate variability and the
development of prediction skills on these
timescales;
● Provision of information for developing
measures to counteract stratospheric ozone
depletion;
● Observing increasing concentrations of
greenhouse gases in the atmosphere;
● Improved knowledge of the hydrological
cycle.

World Weather Watch

Alaska and the Yukon
Warmest winter Canada
on record
Juliette
18 straig
Second lowest central Anomalies > 5°C than ave
pressure in the
year on r
East Pacific (923 hPa)

Allison
Costliest tropical storm
in history, 41 deaths
Adolph
Strongest May
hurricane (233 km/h)
Iris
Impacted Belize with
sustained winds of
233 km/h in Oct

Annual
anomalies 1-2
Severe
moisture deficits

Central America
Extreme summer drough

La Niña: Long-running episode ends

Observation of the global climate can be said to
have come of age during the 20th century with
Bolivia
the use of an array of tools including land
Severe flooding (Jan
networks, ships, aircraft and satellites. The
Argentina
Extremely wet (Aug
World Weather Watch was set up by WMO in
1963 to focus on a narrow set of observational
Antarctic
Longer lasting ozone hole than last yea
parameters in support of weather forecasting.
(4th longest lasting since 1979)
Since then it has embraced an enormously
expanded range of technology to answer a
wider range of needs, including climate prediction and environmental
monitoring. WWW ensures that every country enjoys access to the data
and knowledge required to provide weather forecast and warning services
on a day-to-day basis, especially when life and property are at risk.
WWW facilitates the development, operation and enhancement of
worldwide systems for observing and exchanging meteorological and
related observations, and for the generation and dissemination of
analyses, forecast products, severe weather advisories, warnings and
related operational information.
The basic WWW infrastructure comprises thousands of observing
stations on land, at sea, in the air, and several environmental geostationary
and orbiting satellites; telecommunication networks and facilities for the
rapid collection and exchange of observational data and forecast
products; and meteorological centres for the generation of forecasts,
advisories and warnings.
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Monitoring and documenting climate
These activities include the establishment of the basic statistics of climate,
the maintenance of world climate records, the establishment and
enhancement of regional and global data archives, the assessment of
climate variability and detection of climate changes. Climate monitoring
requires the development of comprehensive climate data management
systems to ensure that high-quality data from global observing systems
for climate are readily available.
The continual monitoring of the climate system is one of the main
activities within the World Climate Programme (WCP) implemented by
WMO in cooperation with several other partners.
The World Climate Data and Monitoring Programme — a WMO-led
component of WCP — provides information on climate variations and
annual statements on the status of global climate and other monitoring
reports. The Programme also supports the development and
enhancement of climate databases and data exchange mechanisms, and

New Zealand
One of the driest summers
(Dec–Feb) on record

Every year, weather and
climate services compile
observations to provide a
complete record and to
aid forecasting. One
useful output is a
presentation of the
significantly anomalous
weather over a defined
period. The map above
displays the significant
climatic anomalies and
episodic events during
2001
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the transfer to developing countries of climate database management
technology.

The composition of the atmosphere
Human activities affect climate in many ways but particularly through
emission of gaseous pollutants and aerosols. Twenty-two global and over
300 regional observatories have been established by NMHSs and research
institutions to provide data over time on the chemical composition and
physical and chemical characteristics of the atmosphere. The
observatories monitor greenhouse gases, ozone concentration, aerosols
(particularly those involved in acid deposition) and ultraviolet radiation.
Data are recorded by a network of ground-based stations operated by
governments within the framework of WMO’s Global Atmosphere Watch
Programme. Information derived from the GAW network proved to very
useful in the process of development and implementation of major global
and regional environmental agreements such as the United Nations
Framework Convention on Climate Change (UNFCCC) and the Vienna
Convention for the Protection of the Ozone Layer and Montreal Protocol
on Substances that Deplete the Ozone Layer.

The Global Climate Observing System
The Global Climate Observing System, which was established in 1992,
facilitates improvements in an increasing array of observations required
for climate-related activities. GCOS builds on the WMO WWW observing
system for the atmosphere, but has expanded the coverage of observations
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to include the oceans and the land surface. GCOS was established to
develop an operational system capable of providing the comprehensive
observations required for:
● Monitoring the climate system (including physical, chemical and
biological properties);
● Detecting and assessing the effects of climate change and climate variability;
● Research to improve understanding, modelling and prediction of the
climate system.
One of the main tasks is to provide for the future an integrated global
observing system that is both interdisciplinary and operational. Such a
system would enhance the predictability of climate variability and refine
assessments of likely climate change, and hence further improve decisionmaking for adaptation and mitigation policies. The system must include a
combination of sustained satellite missions and broad scale, long duration
series of in situ observing systems.

International hydrological monitoring
Successful water resources management requires an accurate assessment
of water resources, which should be provided by national up-to-date
systems for data collection and management. However, many countries,
particularly developing countries, are unable to maintain their systems for
acquiring water-related data. Besides affecting a country’s capacity to
manage its own water resources, it also constrains that country in its
efforts to cooperate with its neighbours in the management of
transboundary rivers and other shared water bodies.
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International efforts to promote, coordinate and set standards for the
measurement and assessment of the quantity and quality of water helped
strengthen the technical and institutional capacities of National
Hydrological Services (NHSs) to capture and process hydrological data.
Hydrological networks, for both surface and ground water, have been
established for a multiplicity of purposes, including assessment of water
resources, water management, monitoring of the aquatic environment and
water quality, and other research. The World Hydrological Cycle
Observing System (WHYCOS), launched by WMO in 1993 and
composed of regional components, focuses on technology transfer and
capacity building with the aim of reinforcing the observing network,
strengthening data management capacity and developing information
products tailored to the needs of end users.

Exchanging data

WHYCOS is
implemented in the form
of regional HYCOS
projects

The value of the data that are collected around the world — on weather,
climate, water and the environment — lies in its availability to the global
community. This should be ensured through the free and unrestricted
exchange of meteorological and hydrological data on a routine basis. In a
ground-breaking agreement to codify this principle, WMO in 1995 agreed
that all its Member countries would provide, on a free and unrestricted
basis, the essential meteorological data and products that are necessary for
the provision of services in support of the protection of life and property
and the well-being of all nations. In 1999, WMO Member countries
adopted the same principle regarding hydrological data.
BALTIC-HYCOS
BLACK SEA-HYCOS
DANUBE-HYCOS

SOUTH-WEST
PACIFIC-HYCOS

CARIB-HYCOS

MED-HYCOS
ARAL-HYCOS
AOCHYCOS

CONGO-HYCOS

NILE-HYCOS

IGAD-HYCOS

Being implemented
Project document prepared
Being considered

SADC-HYCOS
SOUTH-WEST PACIFIC-HYCOS

February 2000
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J. Stickings

WMO’s Agricultural
Meteorology Programme
focuses on the use of
agrometeorological
information to cope better
with droughts and
desertification, flooding,
locust invasions and other
environmental hazards

As the need to derive a fuller understanding of all the Earth’s
environmental and hydrological systems becomes ever more pressing, so
does the need to retain this principle and to extend it as necessary to all
environmental domains.

Applications and services
Servicing agriculture and food security
Agrometeorological services needed by agriculture, forestry and related
sectors are progressively used not only on a day-to-day basis, but also in
planning economically viable, high-quality production. The application of
basic knowledge of the relationships between meteorological factors and
the quality of agricultural output is currently being promoted within the
framework of the World Food Summit Plan of Action, which stresses the
need for sustainable management of farming systems, forestry and
livestock.
The importance of applications of agrometeorology to sustainable
agriculture is thrown into sharp relief when considering climate
variability, which has always been the principal source of fluctuations in
food production, particularly in the semi-arid tropical countries of the
developing world. In the developing countries, where improved
technologies have been adopted too slowly to counteract the adverse
effects of varying environmental conditions, climate fluctuations are
indeed the main cause of hunger — often exacerbated further by social
and economic disruptions. To ensure food security, the farming
community must be enabled to adapt to climate variability. Various

21

agrometeorological adaptation strategies are available, including regular
advisories on farming, production and cropping systems, with the account
of weather and climate forecasts, in particular, the more active use of
seasonal to interannual climate forecasts.
Inappropriate land use such as overgrazing, poor tillage and cropping
practices, and excessive irrigation on soils with saline water tables, have
frequently led to catastrophic degradation of the land in many countries.
The key to combating desertification within the framework of the United
Nations Convention to Combat Desertification (UNCCD) lies in a
combination of respect for the soil and the application of sound
knowledge of the natural forces associated with weather, climate and
water that can lead to soil degradation.

Managing freshwater resources
The availability and the sound management of freshwater resources are
fundamental to sustainable development. Human pressures on this
precious resource have reached critical levels in many parts of the world.
Solutions are urgently needed if we are to avoid further shortages or
pollution of sources and the inevitable consequences for health, society
and the environment.
Water cannot be wisely managed without a picture of the quantity
available, taking into account spatial distribution and fluctuations over
time. Hydrological applications and services therefore include flood
forecasting and projection for the millions living in riparian communities,
the construction of hydraulic structures, regional planning, and
evaluation of the effects of climate change.

The hydrological cycle

Water vapour transport
Clouds

Condensation
to form clouds

Precipitation

Precipitation
at sea
Transpiration
from vegetation
Evaporation
from lakes
and rivers

Earth's
surface

Evaporation Evaporation
from land from ocean
surface

Runoff into
lakes and rivers
Groundwater runoff
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Ocean

Boeing/SAS

Meteorological
information is vital for
safe and efficient air
navigation

However, in many parts of the world the management of hydrological
information is inadequate. Among the main difficulties are a lack of
funding to run observing stations, differing procedures for the collection
of data and outdated systems for its subsequent management, varying
quality assurance procedures and standards, and unreliable
telecommunication systems.
National Hydrological Services have the primary responsibility for
collecting, interpreting, analysing and disseminating hydrological
information and providing services required for planning and managing
water resources. The information they provide is of crucial value in
protecting people and property from floods and droughts; assessing the
quantity and quality of available water resources; determining the
environmental, economic and social impacts of management practices;
and determining the impact of urbanization on water resources.

Services to aviation
From the earliest days of aviation, meteorological information has been
vital in flight planning and for the safe and efficient conduct of flights and
aviation services. As 40 per cent of all accidents are caused by weather, one
of the major challenges for the meteorological community has been to
provide more timely and accurate forecasts and warnings of hazardous
weather to all concerned parties.
The World Area Forecast System (WAFS) for aviation provides global
upper atmosphere wind conditions, temperatures and weather forecasts
vital for flight planning and documentation. WAFS data are now
accessible to 156 countries around the world and have been universally
welcomed by the aviation community.
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Advances in automated observations, telecommunications, computer
technology and the science of meteorology itself, including improved
numerical weather prediction models, now make it possible for WMO to
supply the aviation industry with high-quality, timely and high-resolution
en-route meteorological forecasts in standardized formats. Moreover, the
Aircraft Meteorological Data Relay (AMDAR) programme established in
1998 is now providing more than 100 000 cost-effective meteorological
observations a day from in-flight aircraft, significantly enhancing the
upper-air watch of the atmosphere.

Marine services

S. Béliveau/WMO

Coastal areas need
specially-tailord
meteorological and
climatological
information

The protection of marine navigation was among the first applications of
the systematic analysis and prediction of weather systems. These services
were very substantially expanded over the past half-century to meet the
specific requirements of offshore oil and gas development, coastal
engineering and other types of marine industry including weathersensitive activities at sea such as fisheries and aquaculture. Timely and
accurate meteorological and oceanographic data and products required
during marine pollution emergencies (e.g. oil spills) are provided, be they
on the high seas or in coastal waters. In the latter case, effective integrated
coastal area management involves both real-time and climatological data
on the marine atmosphere, coastal land surface and coastal ocean.
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FAO/G. Bizzari

Coastal area management includes the design of coastal infrastructure
and buildings, the management of coastal ecosystems (onshore and
offshore resources), and the control of land and sea-based transport. All
these aspects require extensive analysis of present and past meteorological
and oceanographic conditions, including assessments of the risk of
coastal flooding by rivers, storm surges, wind waves or all three combined.
In estuarine areas river flow data often provide the key to coastal currents
and therefore the retention of beaches and ecosystems.
Coastal areas, including those in the Small Island Developing States,
are often inhabited by vulnerable communities. These are frequently
indigenous peoples, including traditional fishing communities, but also
include others compelled by poverty to occupy areas vulnerable to natural
disasters. WMO has been assisting a group of low coral atoll island
nations for whom a rise in sea level could mean serious loss and
degradation of precious land or at worst, annihilation.

The planet is facing
unprecedented urban
growth, and countries
must renew their
commitment to offer
adequate shelter for all
and sustainable
development for human
settlements. Accurate and
relevant climate
information and
meteorological forecasts
are an essential adjunct
to meeting these needs

Managing safe communities in urban areas
The United Nations has predicted that, by the year 2030, nearly five billion
people will live in cities, out of a world population of over eight billion.
This rapidly expanding urban environment consumes most of the world’s
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energy and potable water, and it is where pollution and natural disasters,
including flash floods, cause the most devastation. In the short term,
urban areas place significant and immediate stresses on natural resources,
primarily clean air and freshwater, while over a slightly longer timeframe
urban activities are major contributors to the threat of global climate
change as a result of their intensive use of energy and associated
emissions of greenhouse gases.
Climate, weather and water all affect cities directly and are at the same
time affected by them. Meteorological and hydrological information is
vital in planning community housing and public infrastructure able to
withstand extreme climate events and seasonal extremes of climate. Local
climatological information is also an important element of town
planning, as is the availability of fresh drinking water, sanitation and
waste disposal, and air pollution management. It is impossible to
establish effective building standards for housing, public infrastructure
and all community systems, without reliable baseline data on the local
climate and especially on the probable frequency and intensity of
extreme weather events.
Poor air quality in many cities is the combined result of gaseous
emissions and certain meteorological conditions. Urban environments are
man-made and have climates that differ appreciably from the surrounding
areas. The urban heat island effect causes discomfort to inhabitants
through excess heat radiation and consequent temperature stress. This
consequence is especially detrimental to the health of elderly people and
the very young, and in extreme cases can lead to significant loss of life.
The heat/health warning systems projects based on proven correlation of
mortality data with heated air masses, including those implemented by
WMO, help develop intervention techniques that save lives. When an
extreme and life-threatening heatwave occurs, a heat emergency can be
declared to help city dwellers at risk to cope.

Assessment of climate change
Our picture of the climate system evolved over the course of the past
century, but this was initially a slow learning process with few practical
applications until cooperative international research programmes began
to draw together the growing data banks of systematic observations.
For more than a century it has been recognized that sustained human
activity could alter the climate system. In 1988, WMO and the United
Nations Environment Programme (UNEP) established the
Intergovernmental Panel on Climate Change (IPCC) to assess the state of
knowledge on several crucial issues, including the role of carbon dioxide
and other greenhouse gases in altering the Earth’s radiant heat balance.
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Until now, the IPCC has conducted three major assessment reports, the
latest in 2001.
The IPCC assessed that the global average surface temperature is on
the increase. There is new and stronger evidence that most of the warming
observed over the past 50 years is attributable to human activities. Global
average temperature is now projected to increase by 1.4–5.8°C between
1990 and 2100. The global mean sea level is also projected to rise by 0.09
to 0.88 metres for the same period. The prospect of rising sea level is one
of the most widely recognized potential impacts of climate change with
serious implications to countries with extensive coastlines and to Small
Island Developing States. In addition, there are also impacts to, inter alia,
agriculture, food production, human settlement, health and ecosystems;
all of these have a bearing on our efforts towards poverty alleviation.
For governments to have the appropriate advice and assessment to
respond to climate change, it is important that there is adequate support
for the monitoring of the climate system, as is foreseen in the Global
Climate Observing System, a system that has been recognized as essential
for the implementation of the United Nations Framework Convention on
Climate Change. The monitoring of the greenhouse gases through the
WMO Global Atmosphere Watch should also be strengthened.

Weather, climate and hydrological research

(Source: National Climatic
Data Center,
NOAA/USA)

The value of contributions of weather and climate research, as well as
research into hydrological processes, to sustainable development is well
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recognized in Agenda 21. Chapter 9 of Agenda 21 — Protection of the
atmosphere — calls for the improvement of the scientific basis for
decision-making by promoting research on the natural processes affecting
and affected by the atmosphere, as well as the linkages between
sustainable development and atmospheric changes, including impacts on
ecosystems, human health and economic sectors. Chapter 18 of
Agenda 21, in addressing the protection and management of freshwater,
calls for the provision of accurate flood and drought forecasts.

Weather research
In weather research, the main objective is the development and
application of improved weather forecasting techniques, with emphasis on
the forecasting of weather events, which have a high impact on quality of
life and socio-economic development. At the current stage of development
of advanced forecasting and warning techniques, research projects
emphasize a comprehensive approach involving all timescales associated
with weather prediction. For example, the WMO World Weather Research
Programme (WWRP), together with improving forecasts of short-term
(hours to days) high-impact weather events, promotes research activities
concerning longer-range, even seasonal, forecasting. In parallel with the
improvement of forecast techniques, methods for assessing the costbenefit and societal implications of forecasts are also being developed and
applied. In general, the international weather research programmes, such
as the WWRP, result in an improved understanding of important
atmospheric processes related to weather events and the ability of weather
services to deliver improved forecasts of those events. However, many
developing countries still are not equipped with the necessary technology
to benefit from the research advances and the availability of improved
forecasts and warnings. The technological gap between developed and
developing countries in this domain, sometimes called “digital divide”, is
increasing, thus undermining national efforts in developing countries in
the quest for sustainable development.

Climate research
The purpose of climate research, for example through the World Climate
Research Programme (WCRP) of WMO in partnership with the
International Council for Science (ICSU) and the Intergovernmental
Oceanographic Commission (IOC) of UNESCO, is to develop the
fundamental scientific understanding of the physical climate system and
climate processes, which is needed to determine to what extent climate
can be predicted and the extent of human influence on climate. During
recent decades there has been a continuous improvement of physical
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Hydrological research

E.H. Al-Majed/WMO

mathematical models for simulating and
assessing the predictability of the climate system
over a range of space scales and timescales.
Climate research requires input from many
scientific disciplines, and cooperation between
governmental and non-governmental
organizations and the academic community.
Whilst WCRP is primarily concerned with
the physical climate system, the ICSU-sponsored
International Geosphere-Biosphere Programme
(IGBP) focuses on the corresponding chemical
and biological processes and the International
Human Dimensions Programme on Global
Environmental Change (IHDP) addresses the
relationship between human behaviour and
environmental processes. Enhancing
partnership of these three programmes provides
the necessary international framework for
scientific cooperation in the full study of Earth
system science and global change. The climate
research programmes provide for assessing the
nature and predictability of seasonal to
interdecadal variations of the climate system at global and regional scales.
These programmes thus constitute the scientific basis for operational
predictions of climate variations for use in climate services in support of
sustainable development.

Extensive efforts have
been made under the
auspices of WMO to train
meteorologists from
Member countries to meet
their countries’
meteorological needs

The hydrological research concerns hydrological modelling and
forecasting techniques, methodologies for risk assessment and
management, and related technology for the prevention and mitigation of
water-related disasters. It aims at better understanding the implications of
climate variability and change on hydrological processes and water
resources.
The research activities include the development of various techniques
to forecast extreme hydrological events, in particular floods and droughts,
and the consideration of the socio-economic and environmental aspects
of issuing such forecasts. Increased coordination is being established
between hydrological, meteorological and climatological services in
assessing future risks and response options and developing strategies to
promote flood and drought management practices within the concepts of
integrated water resources management and risk management.
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A particular focus is on the development of guidance material on the
application of risk management strategies under drought conditions,
incorporating improvements in medium- to long-term meteorological
hydrological forecasting capabilities to assist countries in attaining
sustainable socio-economic development.
Hydrological studies also include the development of improved
scientific methods of analysis of hydrological processes and the
promotion of research into the impact of climate variability and change
on water resources.

Building capacity and awareness
With respect to weather, climate and water issues, building capacity and
awareness should ensure that the producers of meteorological and
hydrological data, forecasts and warnings, particularly National
Meteorological and Hydrological Services, would have adequate human
resources and up-to-date technological equipment to satisfy the evolving
needs of users and participate meaningfully in international cooperative
activities. However, due attention should be given to raising the awareness
of users and decision-makers of the optimal methods of applications of
meteorological and hydrological data and products in socio-economic
sectors and in environment-protective actions.
Many institutions in developing countries, including their NMHSs,
lack trained personnel and suffer from inadequate national
meteorological and hydrological infrastructure needed to provide
required weather, climate and hydrological services. Despite the
implementation within the United Nations system and elsewhere of many
programmes and projects related to weather, climate and water, which
provide scientific and technical assistance and help develop and manage
human resources, a truly coordinated and duly funded international
programme still has to be initiated.
The overall strategic approach towards capacity building should
assume that the achievement of suitable levels of capacity in WMO
Member countries would contribute effectively to strengthening the
national infrastructure for sustainable development and to meeting
international commitments. In pursuing this approach, the particular
needs and capabilities of regions should be recognized and assistance
should be provided in addressing the regional aspects and integrating
them within the global capacity-building effort.
WMO strives, through transfer of technology and expertise, and
through cooperative projects, to enhance and develop the capabilities of
NMHSs so that they can operate effectively in support of sustainable
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The full involvement of
all countries in the World
Weather Watch, including
through increased support
to less developed
countries for scientific
and technological
capacity building, is vital
in global efforts to reduce
the impact of natural
disasters and to achieve
sustainable development

development for the benefit of their own countries and also for the benefit
of the global community.
The access to, and competition for, financial resources are becoming
increasingly difficult. In view of the changing world economic situation,
and noting the overall decrease of technical assistance globally, new
sources of funding should be explored. Countries in need and their
NMHSs, as regards weather, climate and water issues, should be advised
on the potential sources of funding of technical cooperation activities.
WMO, among others, does this and continues to endeavour that the
NMHSs have the required technical and financial means.
The education and training of meteorological and hydrological
personnel is generally carried out in, and with contributions by, the WMO
Member countries themselves. The network of institutions, in which the
education and training activities are carried out, includes research centres
and universities, WMO Regional Meteorological Training Centres,
national meteorological training institutions and the training units of
NMHSs.
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International environmental governance

The World Meteorological Organization’s priority activities summarized
above not only show the contribution of WMO to sustainable development
but also demonstrate the role of the Organization in international environmental governance (IEG). This role is ensured especially by WMO’s
programmes on monitoring atmosphere, climate, ozone and pollution
through its unique global observing networks, and by research activities.
WMO played an important role in the development of the various environmental conventions within the United Nations system. In addition,WMO
has been supportive and responsive to the efforts of the United Nations
concerning protection of the environment, providing data on, and assessments of, the scientific aspects of environmental issues, including climate
change, ozone depletion and desertification, thus contributing to governments’ negotiations on an appropriate common approach. These common
efforts culminated in the adoption of relevant legal documents of significance to IEG such as the Vienna Convention for the Protection of the Ozone
Layer and the United Nations Framework Convention on Climate Change.
Following the United Nations Conference on Environment and
Development, WMO governing bodies considered specific follow-up
actions. In view of its long-standing experience in addressing
environmental issues relevant to the atmospheric, oceanic and
hydrological sciences, WMO took actions to strengthen its related
programmes. These included taking new initiatives to highlight further
the environmental issues of ozone layer depletion, climate change,
desertification, mitigation of natural disasters and water resources
management. Through WMO’s efforts, many of these issues were brought
to the forefront of the world’s scientific and political agenda. Additionally,
major efforts were made for an integrated approach to the atmospheric
and oceanic monitoring and research (for example through the Global
Climate Observing System, the Intergovernmental Panel on Climate
Change and the World Climate Research Programme). Some of these are
carried out in collaboration with a number of partner organizations.
The international environmental governance is now vividly discussed
at various fora within and outside the United Nations system. In view of
WMO’s involvement and its experience in dealing with major
environmental issues, strengthening and streamlining the current IEG
structure should take into consideration existing IEG-related activities in
WMO and other key agencies.
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