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FOREWORD
The 1994 Global Conference which adopted the
Barbados Programme of Action for Sustainable Development
of Small Island Developing States recognized the importance
of the sciences of meteorology and hydrology particularly in
the application of warning and forecast services.
Understanding of the hydrometeorological environment,
including climate variability and change, is an important
element in planning sustainable development, particularly in
Small Island Developing States (SIDS). The initiatives and
programmes of the WMO during the past five years have
continued to provide capacity and assistance to the 31 SIDS
WMO Members. These programmes have contributed to most
of the 15 priority areas outlined in the Barbados Programme
of Action.
WMO, through its World Weather Watch (WWW),
provides a major infrastructure for the exchange of important
meteorological and hydrological warnings, as well as data
and information needed to support, at a national and regional
level, many concerns faced by SIDS on a daily basis, such as
providing advisories and forecasts of tropical cyclones. The
joint work of WMO and the United Nations Environment
Programme (UNEP), through the Intergovernmental Panel on
Climate Change (IPCC), clearly addresses one of the major
potential problems of many small islands, that of sea–level
rise. The IPCC Working Group on Economic and Social
Aspects cites that these areas are more than three times as
vulnerable as developed countries, and twice as vulnerable as
other developing countries. In helping the SIDS meet their
commitments under the United Nations Framework
Convention on Climate Change (UNFCCC), WMO has implemented several climate–related programmes to help these
states. Major research continues within the World Climate
Research Programme (WCRP) hosted by WMO and implemented jointly with the International Council for Science
(ICSU) and the Intergovernmental Oceanographic
Commission (IOC) of the United Nations Educational,
Scientific and Cultural Organization (UNESCO). A new
initiative has been put forward by WMO to provide Climate
Information and Prediction Services (CLIPS), particularly
related to seasonal and interannual events such as El Niño

and La Niña. Other WMO scientific assistance to SIDS include
the WMO Climate Computing (CLICOM) project, the Data
Rescue (DARE) projects and the Global Atmosphere Watch
(GAW).
One of the most important programmes of WMO in
support of SIDS is the Tropical Cyclone Programme (TCP), as
many of these countries are located in areas impacted by these
natural hazards. Five regional WMO bodies with associated
Regional Specialized Meteorological Centers (RSMCs)
provide major support related to warnings, preparedness,
awareness and education of tropical cyclones. Finally, WMO,
along with the International Civil Aviation Organization
(ICAO), provides the major programme applications related
to national Meteorological and Hydrological Service (NMHS)
support to air and sea transportation. It does this through the
World Area Forecast System (WAFS) and with the
International Maritime Organization (IMO) through the Global
Maritime Distress and Safety System (GMDSS) and to water
resources management through the World Hydrological
Cycle Observation System (WHYCOS) .
I wish to thank Dr. James Bruce, former chair of the
United Nations International Decade for Natural Disaster
Reduction (IDNDR) Scientific and Technical Committee, and
also former chair of the Working Group I of the IPCC, for his
assistance in preparing this brochure describing the WMO
programme support to SIDS.

(G. O. P. Obasi)
Secretary-General
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INTRODUCTION
In all countries reliable information on weather,
climate, and water resources is an important
input to planning sustainable development
activities. In small island states this is even
more crucial. Climate variability and trends
reflected in storms, floods and droughts,
combined with a rising sea level, and weather
warning support to aviation and transportation,
are fundamental concerns. Recognizing this,
SIDS have established national Meteorological
Services, (NMSs) or NMHSs to meet information
needs, as part of their essential national
infrastructure. In some cases there is a separate
national Hydrological Service (NHS) as part of
a water agency. But the sciences involved,
especially the atmospheric and related oceanic
aspects, are essentially international in character,
even if impacts are local. Thus, the national
Services work cooperatively with similar
Services in other countries through WMO.
WWW is the basic global infrastructure that
provides the cooperative mechanism among
179 Member States and six Member Territories.
This global system, provided by the contributions
of WMO Members at a value of hundreds of
millions of US dollars, allows for the free and
unrestricted exchange of data and information
in real time among all countries. This includes
the availability of environmental satellite
information used to provide important weather
forecasts, and warnings that support natural
disaster reduction and sustainable growth.
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CLIMATE CHANGE AND SEA-LEVEL RISE
Intergovernmental Panel
on Climate Change
WMO, together with UNEP, founded IPCC in
1988. IPCC was established to assess worldwide knowledge on climate change and in
related areas of socio-economic sciences in
order to provide a consensus on humaninduced climate change. Its major authoritative
reports of 1990 and 1995 have underpinned
the UNFCCC and its Kyoto Protocol (1997).
IPCC’s third major assessment report is due in
2001. A number of Special Reports and
Guidelines have also been published. Several
are in preparation, notably one on sinks — the
sequestering of greenhouse gases in forests
and soils. The Secretariat for IPCC is based in
WMO’s headquarters in Geneva. WMO administers the programme, funded mainly by donors,
and assists developing country participation in
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the work of IPCC. In this way, many experts
from SIDS have been involved, thus ensuring
that concerns of, and knowledge from, small
islands are well reflected in IPCC reports.
The attention to problems of small islands
arising from climate change and sea-level rise
is strongly justified because of the vulnerability
of SIDS. Indeed, the 1995 report of the IPCC
Working Group on Economic and Social
Aspects cites an index of vulnerability to
climate change based on three variables:
export dependence, insularity and remoteness,
and susceptibility to natural disasters. This
index suggests that small island developing
countries are nearly three times as vulnerable
as developed countries, and half again as
vulnerable as other developing countries.
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Commitments Under the
United Nations Framework
Convention on Climate Change
While most attention has focused on the undertakings of industrialized countries to reduce
greenhouse gas emissions, there are other
commitments in the UNFCCC (Articles 4, 5 and 6)
which have been made by all parties, including
SIDS. These include preparing for adaptation to
impacts of climate change (including those in
coastal zones), of changes in water resources
and agriculture, droughts and floods. In addition, all parties are called on to cooperate in
research, in collection and prompt and unrestricted exchange of data on trends and
behaviour of the climate system, and on education, training and public awareness. A number
of WMO programmes, outlined briefly below,
assist countries in meeting these commitments.

Adaptation to Climate Change
and Variations
From IPCC reports, and the so far limited
commitments to reduction of greenhouse gas
emission in the Kyoto protocol, greenhouse gas
concentrations will continue to rise. SIDS and
other countries must therefore begin to
consider the question of adapting to a changing
climate. Devising an effective adaptation strategy
requires more detailed, country-specific
projections of future climate than are now
readily available. Assessment of the vulnerability
of various economic sectors to climate variations
and changes is also required. WMO programmes
in climate research and on impacts of climate
variability and change address both of these
concerns.
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Climate Research
More detailed climate change projections are
being developed in several countries within the
framework of WCRP, which is jointly sponsored
by ICSU and IOC, and led by a small Joint
Planning Staff based at WMO Headquarters in
Geneva. WCRP, along with the International
Geosphere Biosphere Programme of ICSU,
provides for much of the research input periodically assessed by IPCC. In addition, the
international scientific research that has led to
increasingly valuable capability to predict El
Niño and La Niña events has been conducted
under the umbrella of WCRP.
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Application of Climate Information
and Predictions
To determine vulnerability of natural and
economic systems to climate variations and
change, and develop methods to reduce this
vulnerability, WMO has launched the CLIPS
programme. CLIPS recognizes climate as both
a resource and a hazard. It is designed to assist
countries in using past climate data in their
planning, in sectors such as agriculture, water
management, tourism, disaster preparedness
and other economic activities. The goal is to
design activities to be in harmony with the
climate. With the improved scientific capability
of skilfully predicting El Niño and La Niña
events in the tropical Pacific, seasonal forecasts of climatic conditions with lead times of
up to a year are now becoming possible. Most
SIDS are in tropical and subtropical regions
where such seasonal or annual forecasts are
most reliable. The predictions include departures from normal temperatures, excess
rainfall or drought and the likely incidence of
tropical storms. In cooperation with the
International Research Institute for Climate
Prediction at the Lamont-Doherty Earth
Observatory, Palisades, New York, United
States of America, and many NMSs, WMO
issues quarterly Bulletins on the state of El
Niño/La Niña and likely impacts in various
regions. WMO is also working towards establishment of CLIPS centres in developing regions
to make maximum use of the seasonal forecasts in water management, agriculture,
disaster mitigation and other sectors of the
economy.
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Climate Data
The foundation for climate research, for formu- for free and open worldwide exchange of data
lation of climate change policies, and for both for weather forecasting and for climate
application of climate information to sustain analysis and prediction.
economic development, is the collection and
The fundamental role of climate activities
international exchange of observational data on of NMSs, coordinated through standards set by
the global climate system. Satellite data are WMO, is illustrated below. This shows how the
now very valuable in assessing the state of the Climate Pyramid of IPCC, the UNFCCC and
atmosphere and underlying land and ocean sustainable development of SIDS are based on
surfaces, but the basic knowledge of climate, the foundation of the work of NMSs. All counand especially climate trends, still depends tries must support these national activities and
upon observations on the ground or at sea.
the exchange of data, as required by the WMO
These are taken or organized by Weather
Convention and the UNFCCC, if we are to
Services (NMSs or NMHSs) in virtually all
improve understanding and predictions of
countries, including the smallest SIDS.
the present and future behaviour of the
SIDS
WMO provides mechanisms through
climate system. Such knowledge
WWW and its Global Telecomsupports activities towards sustainable
munication System (GTS)
development in all countries.
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The “Climate Pyramid”
shows how the
sustainable development
of SIDS is based on the
foundation of the work
of NMSs
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Special Assistance to SIDS
To help ensure that SIDS are active participants in these fundamental climate activities,
WMO has initiated and developed a number of
specific projects. Among the most important
have been the following:

(a) The CLICOM project, supported by many
donors has, for nearly two decades, provided
computers and computer programmes for
quality control, storage, retrieval and analysis of
climate observations and data. Many SIDS have
received and rely upon such systems to meet
information needs of many sectors of their
national economies and for international data
exchange.
(b) DARE projects: Several donors have funded
DARE projects through WMO. In many developing countries invaluable original handwritten
old climate records, essential for determining
climate trends and changes, are stored in
perishable books and paper. DARE projects
have helped countries in various regions to
transfer these data to a more permanent,
computer-accessible format for more secure
storage and ease of analysis. Currently, a major
DARE project is under way in the Caribbean,
where some original records go back to the
19th century.
(c) A feasibility study was undertaken on Climate
Monitoring and Impacts in the South–West
Pacific jointly with Australian Bureau of
Meteorology, with funding by the Australian
Aid Agency. The Report “The Changing
Climate in Paradise” (1991) proposed a
number of essential observation, analysis and
impact/adaptation projects, most of which
have since been funded by various donors.
(d) WMO has organized GAW with 80 Member
countries, including several SIDS, to monitor
changes in greenhouse gases, the ozone layer,
aerosols and other atmospheric pollutants. The
network was recently expanded by the addition
of 20 new stations in areas where data were
sparse or non-existent, with funding from the
Global Environmental Facility (GEF). These data
are essential to understand and predict changes
in the climate system due to human-induced
chemical changes in the atmosphere.
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NATURAL AND ENVIRONMENTAL DISASTERS
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Human and economic losses due to
natural disasters such as extreme climatic
events, storms, floods and droughts accounted
for some 85 per cent of world losses from 1963
to 1992, and have been growing three to four
times more rapidly than those due to earthquakes and volcanoes over the past three
decades. For SIDS, a single disaster can wipe
out many years of economic growth. But there
are means of reducing these losses through
long–term preventive measures — safer buildings; wise land use, especially in coastal zones
and flood plains; and effective warning and
preparedness systems. For both the design of
long–term preventive measures and for
preparedness for severe events, meteorological,
climatological and hydrological information
and predictions are essential. WMO coordinates and assists national efforts in SIDS to
provide timely warnings and relevant information through several programmes.
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The Tropical Cyclone Programme
Tropical cyclones, variously called hurricanes,
typhoons, cyclones, afflict most SIDS in tropical and subtropical zones, often with
devastating effect. Regional and even global
cooperation is required to mount effective
prediction and warning services. This is being
achieved through five WMO Regional Tropical
Cyclone Committees or Panels involving both
meteorological and disaster preparedness
agencies of 72 countries/territories, including
31 SIDS.
The earliest regional organization was the
Economic and Social Commission for Asia and
the Pacific (ESCAP) /WMO Typhoon
Committee begun in 1968, and the most
recently established, the WMO Tropical
Cyclone Committee (TCC) for the South Pacific

and South-East Indian Ocean (1985).
Evidence indicates that loss of life can be
greatly reduced and property damage minimized to some extent by preparedness based
on adequate warning systems. However,
economic losses worldwide have been rising
steeply due to a number of factors, including
increased population and infrastructure in
coastal zones and flood plains, rising mean sea
level and increases in frequency of severe
weather events in some regions.
In each of the five TCP regions, a Tropical
Cyclone RSMC has been established with
which all NMSs have close working arrangements. The most recently established centre is
in Nadi, Fiji, supported by Japan, Australia and
New Zealand.

Trends of major disasters
around the world; most
significant disaster
types by category
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The programme in each region comprises
three elements — meteorological, hydrological
and disaster prevention/preparedness. The first
two are concerned with ensuring that adequate
observational networks, communication
systems and forecasting techniques are in
place to predict the path and intensity of
cyclones, and the flooding potential. In the third
component, NMSs and NMHSs work with
disaster preparedness agencies to devise and
ensure implementation of appropriate
measures to minimize human losses and property damages. These preventive measures
must be based on comprehensive analysis of
meteorological/climatological/hydrological
risk of frequency and severity of tropical
cyclones, storm surges, strong winds, heavy
rains, floods and areas likely to be inundated in
various parts of each country.
By resolution of the Eleventh World
Meteorological Congress, TCP was further
strengthened for IDNDR (1990–1999).
Capacity building in SIDS for tropical cyclone
warnings and response strategies has been a

Panel on Tropical Cyclones

key part of TCP. To illustrate, from 1996 to
1998 10 training events were organized or
co-sponsored by WMO, often with other partners.
In 1998 these events included:
(a) International workshop on tropical cyclones,
China, April;
(b) Scientific conference on tropical cyclones,
Havana, Cuba, May; and
(c) Southern hemisphere training course on tropical cyclones, Australia, October.

Proposed workshops and seminars to help
build national capacities on this topic, especially in SIDS, will be held during 1999 in the
Maldives, the United States of America, China
and France. Recent donor-supported improvements have been made in the Caribbean,
namely the replacement of communication
links vulnerable to storms with a satellite-based
telecommunications system.

RA IV Hurricane Committee

Typhoon Committee

RSMC Tokyo
RSMC Miami

RSMC New Delhi

EQUATOR

RSMC Nadi
RSMC Reunion

Areas of formation of
tropical cyclones,
regional tropical cyclone
bodies and RSMCs
RA I Tropical Cyclone Committee

RA V Tropical Cyclone Committee
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Public Weather Services
Closely related to TCP, under WWW, has been
a renewed effort to assist countries directly to
serve the public more effectively. This has
particularly focused on provision of services
primarily in support of safety of life and protection
of property and, to permit greater economic
efficiency in many weather dependent activities,
through daily weather forecasts and warnings
of extreme weather events. Much of the capacity–building effort has been directed towards
SIDS.
Recent WMO workshops and seminars
involving SIDS representatives have included:
(a) Expert meeting on public weather services and
hurricane disaster preparedness, Trinidad and
Tobago, December 1995;
(b) Training workshop on effective communication
techniques and improved media relations,
Australia, October 1996;
(c) Workshop on Public Weather Services (PWS)
with particular focus on storm surges in the
South–West Pacific, Hawaii, October 1996;
(d) Training workshop on public weather and
warning services, Fiji, September 1997;
(e) PWS workshop in conjunction with Region I
TCC, South Africa, October 1997;
(f) Workshop on PWS in conjunction with Region V
TCC, Indonesia, September 1998; and
(g) Workshop on PWS for SIDS in southern
hemisphere, Australia, October 1998.
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Environmental Disasters
The first questions asked when there is an accident releasing radioactivity or toxic material in
the atmosphere or water, or oil on the seas, are:
Where will it go and in what concentrations?
To answer these questions requires constant
monitoring of wind fields and water currents,
prediction of future winds and currents, and
mathematical models that describe the dispersion and spread of the pollutants. Of
fundamental value in this connection are the
global exchanges of observational data and
forecast weather charts in WWW. A special
WMO programme initiated after the Chernobyl
nuclear accident provides predictions to all
Members of likely regional and global movement and concentrations of a radioactive
“cloud”, based on meteorological models run
by France, with backup from Canada.
For SIDS, oil spills in territorial seas are of
special concern. Prediction of their movement,
and thus providing the basis for strategies to
minimize contamination of beaches and
coastal areas, requires the input of wind predictions by NMSs backed by exchanges of
international data and predictions.
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MANAGEMENT OF WASTES
Many non-specialists would not think of meteorology and hydrology as important factors in
management of wastes. However, WMO
provides guidance and support to the work of
many Members in monitoring chemical
changes in atmospheric and precipitation
composition, and of water quality with hydrological measurements. These environmental
monitoring data, when combined with information on winds and currents, can help pinpoint
the major sources of waste discharges. Many of
the atmospheric and rainfall contaminants
affecting island countries are transported
hundreds or thousands of miles from polluting
sources. Analyses of these monitoring data can
help SIDS to identify and seek redress from
distant polluting sources, as well as assessing
greenhouse gas and ozone layer trends which
can profoundly affect their ecosystems and
those of territorial seas.
WMO’s role in these activities is to coordinate and promote the Members’ observational
programmes, to establish standards for monitoring, chemical analysis and quality control.
WMO has also organized the establishment of
world data centres, (e.g. Japan for greenhouse

gases, Canada for ozone layer observations),
and provides training and workshops to build
capacity in developing countries. A recent
special project affecting many SIDS provides
for improved modeling, monitoring and prediction of regional smoke and haze in South-East
Asia. WMO also publishes, periodically, global
updates drawn from the network data on the
state of the ozone layer, long–range transport of
airborne pollutants and deposition from the
atmosphere of toxic chemicals in seas.
WMO has designated and is now testing
operationally, in cooperation with IMO, a globally–coordinated Marine Pollution Emergency
Response Support System (MPERSS).
MPERSS comprises a set of specially designated NMSs, responsible within their
designated areas for the establishment of
communications links with appropriate marine
pollution emergency response authorities and
for the provision of the meteorological data and
products (including oil spill drift model outputs)
as required to support operations. The areas of
responsibility collectively cover all the world’s
oceans and seas, including especially those
surrounding SIDS.
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INTEGRATED COASTAL AREA MANAGEMENT
It is impossible to separate wise coastal area
management in SIDS from the issues of climate
change and sea-level rise, and from tropical
cyclones and related storm surges. All aspects
of coastal area management, including design
of coastal infrastructures and buildings,
management of coastal ecosystems, management of onshore and offshore nature reserves
and resources, control of land and sea-based
transport, and so on, all require extensive
knowledge and analysis of present and past
meteorological and oceanographic conditions,
including assessments of risks associated with
coastal flooding from rivers, storm surges, wind
waves and, most often, all three combined. In
addition, in estuarine areas, river flow from the
land may be key to coastal currents and
sustaining of beaches and ecosystems.

Ecosystems in coastal areas can be
adversely affected by contaminants. In addition
to direct discharges from hotels and other
buildings, pollution of coastal areas comes
from pollutants and sediments carried by
streams, and contaminants deposited from the
atmosphere in near-shore zones.
Recognizing the importance of these questions, WMO’s programmes assist and coordinate
SIDS activities on tropical cyclones and storm
surges, on the provision of marine meteorological
and oceanographic services, on climate change,
on sea-level rise, ocean waves, currents and
temperatures, on hydrology and water quality
measurements and assessments, and on
airborne and seaborne transport of pollutants.
These provide basic input to improve management of coastal areas and their resources.
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FRESHWATER RESOURCES
A first step towards wise water management for
any country is to measure and assess the
amount of water available, its variations in
time, and its quality. WMO’s Hydrology and
Water Resources Programme (HWRP) has been
active in promoting, coordinating and setting
standards for water measurements and assessments.
This is a matter of special urgency for
many SIDS. Their limited groundwater
resources are under threat by salt-water intrusion consequent to rising seas. El Niño and La
Niña events bring alternately flood and drought
conditions. Severe floods from tropical
cyclones can cause devastation.
WMO has worked with hydrological agencies in SIDS to assist in building capacity to
address effectively these vital issues. For
example, a WMO Conference on Water
Resources Assessment and Management in
Latin American and the Caribbean (Costa
Rica, May 1996) led to an Action Plan for this
region. A key component of such assessments
is the continuing measurement of river flows,
water levels and water quality. WMO, in collaboration with the World Bank, the European
Commission and various donor countries, is
supporting improved measurement programmes
through WHYCOS.
Of particular value in such observing
systems for SIDS is the use of Data Collection
Platforms (DCPs), which can relay data from
remote sites to collection centres via meteorological satellites. WMO has prepared a Project
Document for WHYCOS for the Caribbean
Islands (June 1998). A similar project proposal
has been developed for the SIDS of the
South–West Pacific (Nov. 1998) and donor
support is being sought for both regions. These
proposals address technical needs for
measurement equipment, data quality control

and management, and requirements for training and capacity development. The goal is to
improve water resource assessments, flood
warnings, and systems for managing limited
groundwater, surface water and/or rainwater
resources of island countries.
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LAND RESOURCES
The Barbados Programme of Action for Small
Island States calls for land use planning in all
countries. Integral to such planning must be
basic information on climatic and hydrological
regime of the various regions of the country.
WMO’s programme in agricultural and forest
meteorology assists country experts in techniques for assessing climatic zones. These, in
turn, help to indicate areas suitable for various
crops, tree species and land uses. Designation
of flood plain land and setbacks in coastal
zones should be based on hydrometeorological
analyses of flood heights and frequencies and
on storm surge modeling.
In urban areas too, land use planning must
take into account winds, low-level temperature
inversions, water sources and waste discharges
in order to minimize pollution and ensure
sustainability of urban environments. An
outline of the main climatic and hydrological
factors that must be taken into account in
urban development was presented at the
Second United Nations Conference on Human
Settlements (Habitat II), June 1996. These
guidelines can be particularly important for the
coastal cities in SIDS. In these cases the changing climate and rising sea level that could result
from anthropogenic climate change should
also be taken into account. Buildings in cities
must be designed to withstand the maximum
wind speeds and gusts likely to occur, and
drainage facilities must cope with heavy rainfall
events of a specified frequency. WMO guides
on methods for computing such design factors
are available in NMSs.
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ENERGY RESOURCES
Most SIDS do not have oil, natural gas or coal
resources in their territories and the purchase
of these fuels can be a serious drain on foreign
currencies. However, as the Barbados Plan of
Action notes, “all have substantial solar
resources”. In addition, many islands are in the
path of consistently moderate to strong winds,
and the cost of wind-generated electricity has
dropped substantially in the past decade. On
many islands, wind energy is now competitive
with imported oil-generated electricity and
does not produce air pollution and greenhouse
gases from burning fossil fuels. On some hilly
islands, there are streams with sufficient flow to
support limited hydro-electric generation.
Techniques for using near-shore wave energy
are under development.
Assessment of availability and thus costs
of these renewable energy forms, solar, wind
and hydro, requires observations and analysis
of the three resources. WMO guides (see list on
the inside back cover) provide information on
methods to measure and compute renewable
energy resources of these types. Specific
advice on local conditions for wind energy
generation has been provided by WMO to
several countries, including Cape Verde and
Curaçao.
Energy conservation can also be enhanced
by more finely attuning power generation,
buildings and industrial production to local
weather and climate.

TOURISM RESOURCES
Tourism has become the world’s largest industry and provides a major part of foreign
currency earnings in a number of SIDS. It is a
significant component of the economy in most
others. Climate statistics from NMSs on
temperatures, hours of sunshine and frequency
of rain are used by tourist bureaus to attract
visitors. Siting of hotels and tourist facilities
should take account of frequency of rain and
strong winds, cooling wind regimes, wave
climates, stability of beaches and availability of
freshwater resources. Again, basic climatic and
hydrological data collected by NMSs and
NMHSs to WMO standards are essential inputs
to selecting the optimum locations. The day-today operation of tourist facilities and
tourist-related activities also depends directly
on meteorological conditions, and thus on
directly targeted meteorological services, such
as wind, wave, cloud, ultraviolet radiation and rain
forecasts.
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But perhaps the greatest concern is to
minimize the impact of natural disasters on
tourists and tourist facilities. Both the actual
damage and the publicity surrounding such
events can lead to significant loss of tourism
income. Recognizing this concern, WMO has
worked with the World Tourism Organization to
produce a valuable guidance volume,
Handbook on Natural Disaster Reduction in
Tourist Areas (WTO, 1998). WMO and WTO
were motivated by the concept that “prevention
and preparedness measures make the vital
difference to casualty figures and economic
losses in the wake of natural disasters”. The
Handbook is particularly directed towards
tourism planners and developers, tour operators, and resort and hotel managers. It is
designed to provide technical guidance on how
risk assessments from climatological and
hydrological data provided by NMSs and
NMHSs, and storm and flood warnings, can be
used to reduce vulnerability of tourists and
tourist facilities. For completeness, it also
includes a chapter on earthquake damage
prevention.
WMO, in collaboration with IMO and the
International Hydrographic Organization (IHO),

provides for the international organization of
meteorological services in support of the safety
of life and property at sea, within the context of
GMDSS. In addition, many WMO Members also
provide a range of specialized services to shipping, in particular to support the safety and
economy of operations on the high seas, in
coastal waters, and even in port and harbour
areas. These services are of obvious importance to SIDS as much as to developed
countries.
WMO, in collaboration with ICAO, provides
for meteorological service required for the
safety, regularity and efficiency of aviation
operations, including commercial aviation.
With increased globalization of economic activities, these aviation operations are particularly
vital to the economic development of SIDS,
including tourism. The implementation of
WAFS enables SIDS, anywhere in the world, to
access and use highly accurate weather information, in a cost- effective manner, to meet the
needs of both international and national aviation operations. Within these international
frameworks, NMSs provide essential aviation
and marine forecasts to ensure the safety and
efficiency of aviation and marine operations.
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BIODIVERSITY RESOURCES
For most SIDS, the biological resources of
greatest importance are those in coastal zones,
especially mangroves and coral reefs. WMO’s
contributions to understanding and predicting
climate change and sea-level rise, and related
changes, provide the essential background
against which to plan protection of biological
resources and biodiversity. Among the most
diverse and productive biosystems in the world
are the coral reefs around many tropical SIDS.
Sea temperature fluctuations, especially
warmer tropical water in El Niño events, can
cause coral bleaching and sometimes mortality. Sea temperature increases in a warming
climate may make such events more severe
and frequent.
Biological systems have been characterized as “disaster-driven systems”, altered and
sometimes regenerated by extreme weather
and hydrological events. Lightning or humancaused fires destroy and regenerate forest
ecosystems, and surges and wave action in
major storms cause rapid change in coastal
ecosystems and redistribution of beach sands.
Floods change vegetation in flood plains and
their associated ecosystems. For these
reasons, understanding for protection of biodiversity requires close collaboration between
NMSs, NMHSs and biologists.

NATIONAL INSTITUTIONS AND
ADMINISTRATIVE CAPACITY
WMO has a long history of assistance with training and capacity
building in technical aspects of meteorology and hydrology.
Through its Education and Training Programme (ETRP), 200 to 400
fellowships each year have been provided over the past few decades.
Training seminars are given in developing regions and a network of
Regional Training Centres (RTCs) maintained in collaboration with
host countries. Island countries with such Centres include Barbados,
the Philippines and Madagascar. The Caribbean Institute for Meteorology
and Hydrology in Barbados, for example, also serves as a climate data
South-West coordination centre for the region and organizes workshops
to produce seasonal climate predictions for the Caribbean, based in part
on information from several international prediction centres.
The South Pacific Regional Environment Programme (SPREP) in the
South-West Pacific region has been a strong force for regional cooperation on climate, atmospheric environment, and disaster mitigation
issues. WMO has co-located a subregional office with the SPREP
secretariat in Apia, Samoa, to further develop programmes in the
SIDS of South-West Pacific.
More recently, WMO has turned major attention to capacity
building for management of NMSs and NMHSs in developing
regions with donor support from the Netherlands and the United
States of America. A specific outcome has been the preparation of
Guidelines on Management of National Meteorological and
Hydrometeorological Services (WMO, 1999) around which a series of
workshops has been organized. The first was in Fiji for the SIDS of the
South-West Pacific. Others were held in Nicaragua for Latin America
and the Caribbean, in Romania for southern Europe including the
Mediterranean Islands, in the United Republic of Tanzania for Africa
and in the Islamic Republic of Iran for Asia. In addition, special workshops
and assistance have been provided to assist management improvements
in three “pilot” island countries of the South-West Pacific.
These guidelines and workshops focus special attention on improving
management to provide predictions and analyses that assist national
sustainable development. This involves addressing such issues as
disaster mitigation, climate variability and change, water resource
assessment and management, and the use of meteorology and
hydrology in improving production efficiency and minimizing losses
in agriculture and forestry.

CONCLUSIONS
The foregoing text demonstrates that meteorological and hydrological information and
knowledge is integral to achieving all aspects
of sustainable development outlined in the
1994 Programme of Action for SIDS. The
frontline providers of the necessary information are the NMHSs. These Services, as
Members of WMO, ensure the necessary
exchange of data and information, and cooperate
in many research and analysis projects, in
training and capacity building, and in transfer
of technologies between countries and regions.
SIDS are particularly dependent on international cooperation through WMO because of
their relatively small populations and often
remote geographical location. Donor assistance
to national efforts, through WMO or directly,
continues to be of pressing importance.
Continued support in SIDS of the efforts of
NMHSs is an essential step towards sustainable
development.
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