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FOREWORD
For about twenty years the World Meteorological Organization (WMO),
a specialized agency of the United Nations, has rendered assistance to developing
countries in the fields of meteorology and operational hydrology. These
projects of assistance cover a wide range of human activities related to the
economic development of the recipient countries and over a hundred countries

have so far benefited from such activities.
These activities were initially executed solely within the framework of the
United Nations Development Programme (UNDP). In 1968, however, WMO
started its own Voluntary Assistance Programme (YAP) for assisting in the
implementation of the World Weather Watch (WWW) plan and for granting
long-term fellowships. Thus the UNDP and the VAP are now both in operation
and they comprise the main elements of the technical co-operation programme
of the Organization.
While full details of the various ways in which developing countries may
obtain assistance from WMO have been issued from time to time by the
Secretary-General of WMO, the need has been felt for a consolidated description of the possibilities of obtaining technical assistance and of the procedures '
to be followed in each case when such assistance is needed.
The aim of this publication is to meet tllis need. It begins with a description of the _many applications of meteorology and operational hydrology to

economic development and thus shows the relevance of WMO's technical
assistance activities to the national development programmes of the developing
countries; some practical examples of past and present projects are given.
This is followed by a description of the various types of project which enable
WMO assistance to be given. The publication concludes with an explanation
of the UNDP and VAP procedures and the steps to be taken to obtain such
assistance.

While the contents of this publication will be of general interest, it is
felt that the information it contains will be particularly useful to:
National authorities responsible for economic development planning
and for co-ordinating external assistance; it will, it is hoped, facilitate an
understanding of the particular requirements of their respective countries for projects in the fields of meteorology and operational hydrology,
as well as professional training in these fields;
Directors of Meteorological and Hydrological Services (or equivalent
organizations) of developing countries by assisting them in assessing the
requirements for and the potential benefits of such services for their
respective countries;
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Resident Representatives of the UNDP in their task of assisting the
governments to which they are assigned, in the establishment of
balanced requests for external aid in the framework of "country
programming ''.
Bearing in mind that many readers of this publication, particularly
Ministers and others holding high office in national administrations who are
concerned with the over-all question of economic development and planning,
may not have the time nor indeed the need to read the full text, it has been
printed in two forms of type. Some parts are in heavy type; these parts present
information which is of general interest to all those who have reason to become
familiar with the subject matter. The other parts are in lighter type; these
contain information of a more detailed and more technical character, which

it is thought would be of interest to those readers who wish to go into the
details of the subject.
It is hoped that by presenting the text in this way, the publication will be
of interest and assistance to all those concerned in one way or another with
applications of meteorology and operational hydrology to economic development and, in particular, to those in the developing countries who take part in
the decision-making process of requesting and approving technical assistance

projects.
Further detailed advice or information will he readily supplied by the
Secretary-General of WMO on request.
This booklet is mainly the work of Dr. H. Sebastian, in his capacity as
consultant to the Secretary'General, and I have much pleasure in expressing
my warm apprecil;ltion of the thorough and skilful manner in which he has
accomplished his task.

D.A.DAVIES
Secretary-General

THE ROLE OF METEOROLOGY
AND OPERATIONAL HYDROLOGY
IN ECONOMIC DEVELOPMENT*
National development plans
The atmospheric processes have an all-pervading influence upon human life
on this Earth. In particular, the atmospheric phenomena we call weather and
cliniate control to a very great extent man's activities -the agricultural crops
he can grow and the animals he can breed for food and clothing; the water
r~sources he has at his disposal for irrigation, for hydro-electric power, for
human consumption and sewer systems and for the maintenance of his industries;
the arrangements he has to make for safe and efficient transportation systems
by air, sea and land; the endemic diseases to which he is susceptible; the clothes
he wears and the buildings he constructs in which to live and work; the physical
recreations and pastimes he can enjoy - all these are activities which, in one
way or another, are dependent upon weather and climate.
It is therefore essential that meteorological and hydrological factors be
taken into account in formulating national plans for economic and social development. Although this applies to all countries, it is particularly necessary in the
emerging countries in order to ensure that their full economic potential is
correctly assessed in the first instance and fully realized in the future.
Meteorological and hydrological factors are relevant to economic development in two ways. In the first place, in the formulation of any projects in the
wide range of human activities referred to above, reliable climatic and hydro~
logical data must be available. Secondly, the successful operation of such projects,
once completed, will in many cases require supporting meteorological and hydrological services for which provision must be made at the planning stage. Many
specific examples of these two requirements are presented in subsequent chapters.

In some cases the relevance of climatic data or the establishment of supporting services may be self-evident; in other cases this may not be so. But it is
prudent in planning any development project to give thought to the extent to
which meteorological and hydrological factors will need to be taken into account.
WMO offers its assistance to all cmmtries in making such assessments.
In those cases where technical assistance is necessary, WMO is ready to
advise on possible sources of assistance and in the formulation and processing
of requests for such assistance. Details of the steps to be taken to obtain advice
on the relevance of meteorological and hydrological factors to any development

*

For the definition of "operational hydrology" see Annex 1.
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project and, if necessary, to obtain assistance in meeting the requirements of
these aspects of the over-all project are described in subsequent chapters of this
publication.

Land-use planning
Land is clearly one of the most basic natural resources of any country. Its
national use for the many activities upon which national development and prosperity will depend must therefore be carefully planned; such activities will include
agriculture, afforestation, industrialization, urbanization, etc. In many of these
activities considerations relating to weather and climate are directly involved,
frequently to a great extent. Land-use planning is particularly important in the
developing countries where in most cases vast land areas are available for use
in expanding the national economy.
An important aspect of land-use planning is the need to avoid past errors
and mistakes. A few examples may serve to illustrate where land-use planning
was unsuccessful. In the early part of this century large reafforestation
programmes in North America failed because attempts were made to introduce
species which were unsuitable for the given local climatic conditions. Following
the second world war a scheme to introduce groundnuts over large land areas
in East Africa also failed because the inter-relationship between vegetation,
climate and soil in a savannah area was not properly understood. Attempts
in the early post-war years to open up parts of the Amazonas area for agriculture
were unsuccessful; this was due to a lack of understanding of the special
ecological problems of the tropical rain-forest and in particular to the need to
protect the soil from direct solar radiation in converting rain forests into
agricultural areas. Important economic losses were suffered by the countries
concerned in these unsuccessful large-scale development projects.
Turning now to the more positive side of the climatic aspects ofland-use
planning, it is of great importance to take the given climatic conditions carefully into account in determining which land areas may best be used for
agriculture, industry or urbanization respectively.
The selection of agricultural areas in accordance with climatic conditions
may greatly influence a country's food supplies. Climate governs the type of
crops that can be grown in various regions; the fluctuations of weather from
year to year exercise control over yields.
Similarly, climatic conditions are important in determining the most
suitable location of large industrial plants. Besides availability of raw material,
water supplies, labour force and transportation, the climatic environment
influences production and rentability. The protection of human settlements
against air pollution caused by .ind-:_1stry is an important factor; in selecting
the location of a large industrial plant in relation to human settlements, the
prevailing wind conditions must, therefore, be taken into account.

ROLE OF METEOROLOGY AND OPERATIONAL HYDROLOGY

9

In modern city planning the climatic environment is of equal importance;
topographical conditions, for instance, normally lead to differences in the local
climate. It is essential for the city planner to know these conditions when he
decides where to locate shopping and administrative centres, as well as residential areas.
These few examples may have helped to demonstrate that climatic conditions are of fundamental importance if various activities are to be performed
with optimum benefit. Therefore, from an economic point of view climatic
factors should be carefully taken into account in land-use planning.

Agriculture
Almost every aspect of agriculture - from the plauuing of land-use through
the day-to-day agricultural work to the transportation and storage of crops is dependent on climate and weather. Areas previously considered barren can
today be made productive - thanks to a wider understanding of the significant
meteorological factors involved in plant growth and the controlled use of available
, water resources. Agrometeorological surveys and forecasts can effectively assist
in determining the varieties of crops to be cultivated, the periods favourable for
sowing and harvesting, the need for irrigation, the prevention of frost, the type
of shelter to be provided, the need for control of plant and animal pests and
diseases, and the best conditions for transport and storage of crops. In today's
world, where the level of nutrition is below average in many countries, and with
an ever-increasing population, one can no longer follow the old method of trial
and error. Modern scientific methods should be applied wherever possible, and
agrometeorology is one of the services which can help agriculture. If agrometeorological information and advice are made available throughout the country and
properly taken into account by farmers, serious losses can be prevented and
agricultural production can be significantly increased. Here are a few examples:
Many developing countries have to increase their food production in
order to feed their growing population; it is important for them to be independent of food imports. For this purpose, they either try to expand the
area of land under cultivation, or they make more intensive use of the land
already farmed, or they do both. There have been many spectacular examples
of new lands being gained to grow food, and of old lands producing higher
yields.

There are, however, definitive climatic restrictions on land use. Some
lands have never been used, and this apparent neglect is often justified; but the
irrigation of dry lands and the introduction of new kinds of plants, animals and
farming techniques into humid equatorial regions and the savannah belts of
Africa and Latin America would certainly bring new land into production.
Any attempt to extend, change or adapt crops and animals and farming
practices is dependent on climate and weather. Even small changes of ambient
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climate, such as those obtained by moving crops and animals to a higher
altitude, may affect barvests and fertility, milk production, growth rate and
the incidence of disease. Land classification has therefore to be based thoroughly
on scientific grounds; agroclimatological data and experience are one of the
important factors to be taken into account.
Remarkable success has been achieved in recent years with the development of new high-yield and protein-rich varieties of cereals, generally known
as the Green Revolution. But the successful introduction and adaptability
of this plant material is highly dependent on a proper understanding of the
environmental factors involved, and weather and climate again are foremost
amongst these. Failure and disappointment can largely be avoided, if the
meteorological limitations within which a certain species can thrive, as well
as the given climatological conditions of the land, are carefully surveyed
beforehand.
Irrigation may in dry areas be the only way of making agriculture possible
at all; in areas with moderate rainfall or where rainfall is too variable and
irregular, it may not only raise yields, but also enable two or more crops to be
grown each year; ·but sucCessful irrigation requires careful management of
available water resources. In many cases, valuable W'.Lier is wasted by over~
irrigation. Advance knowledge of water needed for any irrigation scheme is
essential, and climatological information as well as meteorological forecasts
can help increase efficiency in irrigation planning and management.

Drought is a very serious problem in large areas of the world. Surveys of
the extent of drought both in time and in area, and its frequency of occurrence,
are essential for many agricultural planning activities.

The risk of frost is more widespread than it is generally thought; it is
therefore essential to take this into account in countries where danger of frost
exists. Tn 1966, for instance, in Tunisia spring frost destroyed 80 per cent of the
yield in one region of wheat cultivation. In several countries frost seriously

endangers the citrus fruit industry, not only by damaging the fruit bi1t also by
causing severe damage to the fruit trees, an effect which is felt for several years.
Meteorological warnings enable protective measures to be taken efficiently.
Most plant and animal pests and diseases are closely linked with weather.
After the meteorological conditions which favour the outbreak of diseases
have been studied it is possible by current weather observations to follow the
building up of such conditions. Warnings issued when the situation becomes
critical enable appropriate measures, such as pesticide spraying, to be taken
at the right time.
Swarms of desert locusts cause from time to time serious damage to crops;
about 40 countries in the arid and semi-arid zones of Africa and South-west
Asia are threatened by them. Another species, the African migratory locust,
invades mainly the countries south of the Sahara and plagues Madagascar.

ROLE OF METEOROLOGY AND OPERATIONAL HYDROLOGY
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The locust's life cycle depends to a large extent on various atmospheric factors;
in particular, moisture stimulates hatching of locust swarms; winds determine
swarm movements, sometimes over distances of thousands of kilometres.
Meteorological iriformation plays, therefore, an important role in all measures
for fighting the locust plague in the countries affected by it.
These are only some examples which show how closely agriculturalproduction
is linked to weather and climate. Specialized meteorological services can assist
agricultural planning and operation through agroclimatological surveys and
meteorological forecasts.
Agrometeorological surveys help in solving questions such as land classification; determination of areas where dry-land farming is possible or where
irrigation has to be applied; establishing possibilities for agricultural use of
range-lands; choice of crops and animal husbandry methods that will give an
impetus to agricultural development; planning of afforestation and reforestation, etc.
M eteoro/ogica/ forecasts assist farmers in organizing their day-to-day
work in the most productive manner according to actual weather conditions.
Special agrometeorological forecasts and warnings are more useful for the
farmer than information normally given to the general public. Arrangements
for transmission of forecasts to farmers by telephone, radio or television are
an important factor in making them effective.
Forecasting secondary effects of weather, such asforecasting of yields,
does not depend so much on future conditions as it does on existing evidence
and knowledge ofpast weather. Forecasting of yields is most useful for planning
production and distribution of food and for estimating the probable income
from harvest.
If the many means of assistance which meteorology offers to agriculture
are extensively applied and used, they will significantly contribute to .fighting
food shortage in tbe world.

Water resources development
Water is one of the most valuable natural resources any country can have
and a mainspring for extensive economic development. It provides a low-cost
source of power; it is essential for irrigation, for drinking water, for inland
navigation and for many other purposes. Increasing population and industry
cause still more water to be required and may, even in countries with sufficient
precipitation, put a strain on water resources if their use is not properly planned.
Many developing countries are short of water; the limited resources have therefore
to be used in the most rational way. Precipitation is often unevenly distributed
over seasons and years; droughts may alternate with disastrous floods. By
construction of reservoirs, water could be stored for dry periods, thus reducing at
the same time the danger of floods. But all these important activities should be
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based on careful measurements and studies of meteorological and hydrological
conditions. If all people concerned with water-use and management are made
aware of this basic requirement and take full advantage of information provided
by meteorological and hydrological services, significant contributions to the
economy will result.
Before plans for rational water-use can be established, inventories should
be- made of available water resources for the basins or for the countries concerned. Surveys of water resources need to be based on meteorological
(precipitation, evaporation) and hydrological (river and lake stages, streamfiow)
observations. Since the distribution of precipitation varies from one place
to another, frmn season to season, and from year to year, it is necessary to
design networks of observing stations of sufficient density, and to carry out
measurements regularly over a period of several years. In some countries snow
coverage of higher mountain areas plays an important role. Certain rivers in
the South American Andes, for instance, have the greatest' discharge in the
summer, when there is nearly no precipitation; this is due to snowmelt in the
mountains.
Meteorological and hydrological observations are normally published in
year-books which provide important planning material for water-use. For
specific purposes such as the drinking-water supply of a city, special measurements may be required.
There are many aspects of water-use planning. Countries with scarce
water resources and uneven seasonal distribution may conserve valuable water
reserves for dry periods by construction of reservoirs, while at the same time
preventing disastrous floods. For the construction of dams and hydroelectric power plants thorough investigations are required to determine the
hydro-electric capacity of the catchment area which otherwise may be overor under-estimated, causing, in either case, serious losses in investment. The
design of dams has to be carefully based on meteorological and hydrological
planning data. Cases are known where a dam was constructed on the basis
of insu:ffident data, with the result that the reservoir was either not sufficiently
filled with water or the dam was destroyed after unexpected heavy precipitation. The cost of meteorological and hydrological observation networks is
very small compared to the damages or under-utilization of resources which
may result from the lack of meteorological and hydrological information.
Since observations normally have to be taken over several years to include
exceptional conditions which may arise, it is important that the establishment
and the operation of station networks begin long before constructions are
designed. If one begins to build up an observation network only at the time
the construction of the dam is undertaken, it will be too late.
Similar planning material is necessary for irrigation schemes, drinking~
water supply schemes and other purposes, particularly in areas where the
balance between water-supply and water-use is very narrow.
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Whereas observations and surveys are needed for planning purposes,
meteorological and hydrological forecasts are required for day-to-day operations, e.g. for the management of irrigation schemes (it would be wasteful to
use water for irrigation when natural rain is to be expected in time). Forecasts
of heavy precipitation, water stages of lakes and rivers, runoff, are required
for many aspects of water management. In countries where there is a danger
of damage by flooding, meteorological and hydrological information is required
for flood-control and for flood-warning purposes.
These few examples may have demonstrated the importance of rational
planning and management of water resources, based on meteorological and
hydrological observations and studies, to many branches of a country's econ~
omy. This applies to an arid country, as well as one with an abundant water
supply.
Transport
Safety, efficiency and the smooth operation of all types of transport- air,
sea and land- are influenced by weather. In a number of developing countries
the setting up of meteorology began with the establishment of aviation services.
Governments seem to be generally more aware of the need for meteorological services with regard to aviation than for the many other uses of meteorology. This
of course is due to the fact that weather has a great influence on aviation and also
because risk to human life is involved. Modern developments -high-flying jet
planes, electronic aids to navigation, approach and landing of aircraft -have
not made meteorology unnecessary· but, rather, have created a demand for more
highly specialized types of weather information.
The importance of meteorology to shipping is illustrated by the fact that as
early as 1853 a meteorological conference was organized by sea-faring nations.
Its pm·pose was to establish international collaboration to ensure that meteorological observations over oceans be made and exchanged to aid in the safety and
efficiency of shipping. In recent years economic aspects such as routeing of
ships in accordance with weather conditions have become more and more frequent.
In certain parts of the wol'ld fishing and coastal navigation are particularly
dependent upon weather information and warnings.

To a lesser but sometimes decisive degree, land transportation is influenced
by meteorological factors. For the general planning of transport systems of a
developing country it is of great economic importance to take climatological
factors into account. For the management of day-to-day transport operations,
particularly in aviation and shipping, efficient meteorological services are indispensable. In view of the great distances which may be covered by air and sea
routes, close international collaboration between countries is of great importance.

In many countries the existing transport systems have not been developed
systematically and may therefore not be the most economical. If a country
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undertakes general planning or replanning of its transport systems the occasion
can be used for rectifying mistakes; new mistakes should certainly be avoided.
In deciding, for instance, whether it is more economical to connect two places
by air or by road, not only should the number of passengers and the type of
goods to be transported be taken into consideration, but the meteorological
and climatological factors also so as to ensure safety, dependability and
economy of transportation. Similar questions may arise when a choice has
to be made between coastal and land transport.
In planning the location qf airports it is of the utmost importance to take
climatological information into consideration. If an airport is so located that
operations have to close down frequently because of fog, bad visibility, low
clouds or strong winds, great economic losses will result. Average wind
conditions determine whether one runway is sufficient, or whether several
runways in different directions are required·. The necessary length of a runway

is determined by elevation and temperature conditions.
Day-to-day air operations require detailed meteorological information and
·forecasts. Such information is required for landing and take-off as well as for
the cruising phase. Selection of optimum cruising altitude will result in considerable savings of flight time and fuel consumption. Cancellation of flights
due to bad weather conditions leads to additional expense.
Aeronautical requirements change rapidly nowadays. While the first
supersonic commercial aircraft are being flight-tested, old DC-3 and similar
piston-engined aircraft are still in operation. Together with the introduction
of new aircraft improved landing aids are introduced which, while permitting
safe landing in poor or even bad weather conditions, require that the pilot be
provided more rapidly with more accurate information on the weather conditions he will encounter during the final phase of flight.
In shipping, the safety factor is also of great importance; storm warning
systems in which seafaring countries participate have been organized

inter~

nationally.
In many countries fishing vessels are still small and require warning for

even relatively moderate winds. The same applies to coastal shipping; for
deep-sea fishing too, meteorological forecasts and warnings are of importance,

both for safety and economic reasons. With the help of day-to-day meteorological information not only are damages prevented, but fishing yields
may also be increased.

In recent years weather data and forecasts have been used increasingly for
improving the economy of ocean shipping by so called weather routeing. Based
on meteorological forecasts the optimum route between two places is deter-

mined; in other words, the speediest route would be the one where areas with
high waves and adverse winds are avoided and consequently the least fuel is
required. By avoiding rough conditions the risks of cargo damage are also
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reduced. Some countries estimate that by using ship routeing techniques based
on meteorological forecasts, savings of about five per cent of the cost of ocean
, transportation can be achieved.
Land transport may be impeded by fog, snow, overturned trees due to
storms or by heavy rain and inundation, particularly where hard-surface
roads have not yet been constructed. Y!eteorological information may contribute to the economy of land transport.

Another aspect where meteorological information can help prevent losses
is the transportation oj'perishab/e goods. Information and forecasts of temperature and humidity over the whole distance help in selecting the most suitable
means of transportation and the right type of packing. The export of tropical
fruits by developing countries is a good example of this, for the export of
fruit is an important factor in the economy of many developing nations.
The above examples may have demonstrated to what extent meteorological
factors influence transport planning and transport operations in many different
ways.

Industry, construction, housing
Certain industries are weather~sensitive in various respects. Power produc~
lion and power consumption depend upon meteorological and hydrological
factors. In the industrialization process of developing countries these factors
should therefore be taken into account from the outset. Construction of roads,
harbours, dikes and coastal development require climatological information.
Housing should be adapted to local climatological conditions. In benefiting from
experiences gained in other parts of the world, developing countries have the
opportunity to derive benefits for their own economic development.

A few examples may illustrate the above. Planning the location of cities
and industries in accordance with climatological conditions has already been
mentioned in the chapter on land-nse planning. Reference to the importance
of climatological information for airport design was made in the chapter on
transport, but there are many other cases where climatological and hydrological
. information is indispensable.
The construction of harbours, coastal protection works, offshore drilling
platforms, etc., requires statistical data on winds, waves and sea-surface
temperatures. Rainfall statistics help to determine whether outdoor storage
is possible or whether facilities for protection against rain have to be provided.
The design of larger structures such as towers, bridges, tall buildings, etc.,
needs to take climatic risks such as wind pressure into account. In this respect
the rare events such as heavy storms, tornadoes, etc., are of greater importance
than average values.
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Meteorological and hydrological data are the first prerequisite for the
computation of flood-flow data for the design of bridges and culverts on
highways and railways. Here again maximum probable values are to be
taken into account. If the water volume for which a bridge was designed is
exceeded, the bridge becomes inundated and may even collapse. This not only
results in costs for reconstruction, but also in losses due to the interruption

of the road or railway service.
In countries where construction work is temporarily to be stopped due to
weather conditions (heavy rain, frost) weather forecasts allow better planning
ofthe work.
The hydro-electric power industry is dependent upon the availability of
water. This calls for clear knowledge of the precipitation conditions in the
area concerned. The availability of water varies between seasons and even

from day to day. This requires both long-term and short-term predictions
of rainfall, evaporation and runoff. Until more accurate long-term forecasts
for seasons or months are available, reasonable estimates about the future
availability of water, based on climatological and hydrological probabilities,
prove to be the most useful for planning purposes. This is particularly true
when plants are operating partly on water power and partly on an oil or gas
basis. Obviously, advance planning of the amount of oil or gas required,

depending upon the availability of water, is important. On the other hand in
countries where this is applicable, meteorological and hydrological forecasts
of snowmelt are of great importance for the efficient operation of dams.
Power consumption is also dependent upon meteorological factors. Airconditioning during hot periods, for instance, increases consumption of
electric current considerably.

On a smaller scale wind energy may provide new resources for some

developing nations. This is especially true in arid countries where the population expands into newly irrigated areas, and where wind may become an

important source for domestic electricity supply. Before basing long-term plans
on wind-power supply, however, careful investigations, not only of average

wind speed but also of regularity of wind, are required. This is necessary
because wind-power production schemes become uneconomic when there are

too many or too long periods with insufficient wind.
Solar energy may become of greater importance some time in the future
but solar energy plants require considerable investment. In any case it is of
the utmost importance to determine beforehand, by radiation measurements,

whether there are prospects for economic operation.
Man's housing is his primary protection against adverse or uncomfortable
climatic environment. The main factors affecting housing are temperature,

sunshine, humidity, wind and precipitation. One can observe that the historically developed style of housing in many countries is, by experience, well
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adapted to these conditions. The rapid growth of population requires, however,
more rational methods of housing construction. Modern building technology
is able to cope with climate in any part of the world. Climatological information helps developing countries to adapt construction and housing to the
conditiOns prevailing in their own country.

Health, recreation and tourism
Health is intimately tied to weather and climate, and recreation and sports
are largely dependent upon the same factors, Leisure under favourable conditions leads to contentment and health and consequently to better work. Tourism
is for a number of developing countries an important source of foreign exchange;
meteorological factors play 'a considerable role in the development of the
tourist industry.
Weather and climate influence health directly and indirectly. Heat, cold
and oxygen supply, for instance, have direct effects, whereas the indirect
effects are far greater. Whole major disease complexes are ruled by the climatic
environment and their effect on insects and other carriers of parasites. Climate
can 8Jso be a strong positive factor for health, recreation and sports. Sunshine
with its germicidal and other therapeutic properties plays an important role.
In the fight against specific diseases, in the selection of areas for recreation
and convalescence, or sites for sanatoria, climatic factors need to be carefu11y
studied.
On the other hand, the tourist is much more weather-minded than he
would normally be at home. It is not enough for climatic factors to be considered in selecting sites for tourist hotels, and for weather information to be
taken into account in organizing tourist tours. The tourist also needs adequate
information on climate before he even begins to make his plans. Information
given by travel agencies is sometimes misleading. Tt is particularly attractive
if a country has to offer tourist resorts with climatic conditions favourable to
health, but advertising must be based on reliable meteorological information.
If these and other aspects are properly taken inio account in developing the
tourist industry, meteorological and climatological information may help to
produce important sources of income to some developing countries.

Mitigating effects of natural disasters
HurriCanes, typhoons, tornadoes, forest fires, snow-storms, sand-storms,
Hoods and droughts are potential destroyers of life and property; they can frustrate the best-laid plans of economic development. Warnings issued by meteorological and hydrological services contribute considerably to minimizing their
adverse effects.
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WMO has for some time endeavoured to assist affected countries in taking
measures to mitigate the disastrous effects of tropical storms, known as burricanes
in the west Atlantic and as typhoons in the westem Pacific. Public attention was
especially drawn to this terrible scourge imposed on man by nature when, in
1970, several exceptional disasters occurred as a result of tropical storms. The
East Pakistan disaster in November 1970 was one of the worst on record. It led
to the adoption, by the General Assembly of the United Nations, of two resolutions, one of a more general nature (Resolution 2717 (XXV)) covering all aspects
of different natural disasters, and one of a more specific character (Resolution
2733 (XXV)D) addressed directly to WMO.
Resolution 2733 (XXV)D recommends to WMO that it take further appropriate action for mobilizing capable scientists, technologists and other pertinent
resources from any or all nations with a view to obtaining basic meteorological
data and discovering ways and means of mitigating the harmful effects of these
storms and removing or minimizing their destructive potentials. _The resolution
also calls upon Member States to exert efforts within their means to implement
fully the World Weather Watch (WWW) plan of the World Meteorological
Organization.
In response to this resolution WMO decided to establish a "tropical
cyclone project" which would deal with all relevant meteorological and hydrological aspects including cyclone detection; tracking and. measurement of inten~
sity; forecasting cyclone intensity and movement; forecasting the storm surge;
dissemination of forecasts and warnings; education of the exposed population with
respect to the nature of tropical cyclones, and procedures for protection of life
and property, provision of data for protective works, and aid in the design of
cyclone~resistance structures.
Whereas this tropical cyclone project endeavours to promote basic knowledge of cyclones, WMO meanwhile continues to give actoal assistance to
countries which need it.
The United Nations Economic Commission for Asia and the Far East
(ECAFE) estimates that the damage caused by typhoons to countries in Southeast Asia amounts on the average to US $500 million annually; in individual
years the damage is much higher, quite apart from the considerable loss of
life. Typhoon damage is caused by high winds, torrential rainfall, floods and
storm surges on coasts. Warnings issued in time help the population of
endangered areas to be evacuated and animals and property to be protected.
A whole range of precautions is required for this purpose. Early recognition
of an approaching cyclone is nowadays much facilitated by cloud pictures
automatically transmitted by meteorological satellites; the track of a cyclone
can be closely followed by large radars. This and other information forms the
basis for the warnings issued by meteorological services. The great extension of these meteorological phenomena requires close international
collaboration.
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Climatological studies help in determining possible effects; by investigating
tracks of past hurricanes and relating them to precipitation observed and floods
caused in various parts of a country, valuable material can be obtained. This
enables Meteorological Services to make their forecasts and warnings more
accurate.
To make the warnings effective a series of arrangements have to be made
by the countries concerned. Warnings are broadcast by radio, but it should
be ensured that villages and small ships are equipped with radio-receivers and
that the population knows what to do when a warning is received. Shelters
and elevated areas have to be prepared, evacuation plans have to be made and
rescue facilities have to be provided. Close collaboration between Meteorological Services and local authorities responsible for the safety of the public is
required.
In South-east Asia ECAFE and WMO are collaborating in a large project
with the purpose of developing effective typhoon protection systems in the
countries concerned. If typhoon damage could be reduced in this way by
only one-fifth, this would save the economy of the affected countries an average
of 100 million US dollars annually, and at the same time reduce losses in
human life. It should be mentioned, however, that tropical cyclones do not
only have adverse effects; they can be beneficial to certain countries by providing
them with badly needed rain.
Also, outside the areas which are affected by tropical storms, heavy floods
occur in many developing countries and they often constitute a threat to life
and property; the flood forecasting and warning services are therefore of
great importance to all countries affected by floods. Occurrence of floods
depends very much upon the topographic and climatic characteristics of the
river basin in question; each flood forecasting system, therefore, has to be
studied and elaborated individually. If a river crosses more than one country,
international collaboratio n is required; floods may occur in one country due to
heavy rainfall upstream in another country.
The above examples may have shown to what extent various weather
hazards may constitute a serious impediment to economic development.
Meteorological and hydrological forecasting and warning systems can efficiently
contribute to mitigating their harmful effects.

Human environme nt
For decades man has treated the atmosphere like a refuse bin which
could absorb all sorts of waste: smoke and exhaust gas from industry, smoke from
domestic heating, exhaust fumes from automobiles, etc. The result is a sudden
awareness that air pollution in certain areas has reached a critical level. The
same applies to inland-water and marine pollution. The problem of human envi~
ronment, of which the atmosphere is an important element, has therefore become
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a subject of serious consideration in many countries. Although measures for the
protection of the human environment are under study at various levels, each
country should take immediate steps to avoid at least any further deterioration.
This requires thorough planning in which meteorological factors play an important role.
Basically there are two aspects of air pollution. One is the highconcentration air pollution caused by pollutants such as smoke in industrial
areas a11d cities, by dust, etc. Normally one can see the local effects of this
type of pollution immediately. The other one is a longer-term process
consisting of a low-concentration pollution of tbe whole atmosphere, which
may gradually change its. composition, for example, by modifying the carbon
dioxide content of the atmosphere. Such changes may, in the long run, result
in variations of the climate of certain areas, or even of the whole globe.
Little is yet known ahout this last process, but research studies have already
been started. WMO is collaborating in this work with other agencies, such as
the World Health Organization (WHO) and the International Atomic Energy
Agency (IAEA). A network of" Background air pollution stations" is heing
established all over the world to measure chemical and other parameters of
the atmosphere in relatively undisturbed areas. Such measurements will form
the basis for finding out to what extent large-scale changes are going on in the
·
atmosphere and what their long-term effects may be.
Of more immediate interest is the high concentration of air pollution
which is caused by burning coal and other fuel, by (sometimes toxic) waste gases
from industry, by exhaust fumes from automobiles and by dust, mainly due
to misuse of land in allowing fertile land to become desert. Meteorological
advice is necessary for studies of dispersion of pollutants and for establishing
warning systems about pollution concentration.
Inland waters are also polluted by industrial waste, fertilizers and sewage.
These and other discharges pollute coastal waters. Wind and precipitation
transport pollutants, sometimes over long distances, to lakes· and to oceans
which are also polluted by oil discharges on the high seas.
For a long time the industrialized countries did not pay sufficient attention
to this progressive deterioration of the human environment. Now man has
become more and more aware of the results and costly efforts are being made
to remedy the situation.
Developing countries have the advantage of being able to learn from this
experience. In the development process pollution of the environment and
degradation of natural resources can never be completely avoided, but they
can be kept to an acceptable minimum. This may be done by taking appropriate measures from the outset in city planning, industrial planning, prevention
of bad land management and soil erosion. It is of great importance in doing
so to take the inherent meteorological factors carefully into account.
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Weather and climate modification
Man has in the last few decades made various attempts to modify climate and
weather in view of their importance to economic development and to many
human activities. Limited success has been achieved on the small scale in the
protection of crops against wind or frost and the dissipation of fog to facilitate
aviation. The time-is, however, not yet ripe for Iarger~scale weather modification.
It is understandable that a number of developing countries consider artificial
stimulation of rain to be most desirable, but a word of caution has to be said in
this respect. Weather modification is still largely in the research stage. In fact,
no operational efforts should be undertaken without the most careful study by
experts of the particular situation, and of any possible side effects. It should be
understood that in many cases it may prove impossible to achieve the desil·ed
results.
Wind and frost may seriously affect agricultural production. Windbreaks and shelter-belts reduce wind speed and can modify the microclimate
favourably. To plan them efficiently, a thorough knowledge of the wind
regime is necessary. Estimates made in Tunisia demonstrate that an error
of 45° in determining the direction of the prevailing cold winds could result
. in a 60 per cent drop in the yield of citrus fruits and in a drop of 40 to 50 per
cent in the yield of other crops.
Frost is not a common risk in many developing countries, but where this
danger exists one single night of ground frost can cause very serious ·damage.
There are various ways of protection against frost (heating with small stoves,
irrigating, etc.) but special meteorological forecasts are always required to use
the protection means efficiently. From Jordan it is reported that in the mild
and fertile Jordan Valley, in spite of a favourable climate, occasional frost can
nevertheless cause severe damage to crops, especially to winter vegetables and
to bananas; damages may amount to three to four million US dollars annually.
By applying protective measures based on information provided by the meteorological service, it is estimated that savings of two million US dollars can be
made annually.
In some cases hail storms cause severe damage to crops. Some success
seems to have been achieved with methods recently developed for the reduction
of hail damage. Meteorological forecasts and warnings are a prerequisite
for an efficient hail~ prevention programme.
Methods of dissipating .fog and low stratus clouds have been brought into
operation at several airports. Although successful, it should be mentioned
that most of the methods presently available are still too expensive for general
use and only applicable to certain types of fog.
Regarding artificial stimulation of rain, only a few of the many experiments
conducted in this field have clearly demonstrated that cloud seeding has
increased the precipitation; in some cases there is even evidence of a decrease.

22

WMO HELPS THE DEVELOPING COUNTRIES

There is now some evidence that precipitation can be modestly increased under
certain favourable circumstances; e.g., ora graphical precipitation over mountain
ranges, but it would lead to serious disappointment if one assumed that aridity
of a country could be fundamentally changed by artificial rain. In any case,
before any operations are started it is highly advisable that local conditions be
carefully investigated by experts. ·
Studies have been initiated by the U.S.A. to modify hurricanes; this would,
if it were possible, be indeed a very important contribution to reducing the
ravages caused by one of the most deadly of natural scourges. But these
attempts are still in the early experimental stage. As mentioned above, the
General Assembly of the United Nations has encouraged intensive research in
this field, and WMO is doing everything possible to promote it.
To sum up, there are certain practical possibilities to influencing climate

and weather on a small scale, but careful advice by meteorological experts is
required to avoid serious disappointment.

METEORO LOGICAL AND HYDROLO GICAL
(SERVICES
The above examples may have given an idea of where and to what extent
meteorological and hydrological information and advice are able to contribute
to many human activities, and consequently to the economic and social development of a country. To derive maximum benefit from these factors, adequately
staffed and equipped national Meteorological and Hydrological Services are
required.
It is of course completely within the competence of each government to
decide how to organize such national services, particularly since requirements
vary from one couqtry to another. Certain advice, however, based on experience,
may be useful.
In any case, the infra-structure should be such as to allow national Meteorological and Hydrological Services to serve all branches of the society.
In some developing countries, by historical development, Meteorological
Services were created just for the purpose of one specific branch; e.g., aviation. It
would be beneficial for the country to enlarge such services to enable them to
meet, gradually, more of the many other requirements for economic development.
Since hydrology is closely linked with meteorology, a number of countries
have found it useful to combine both services. Where this does not prove to be
possible, close collaboration between the Meteorological and the Hydrological
Services is required in view of the natural interrelation between hydrological and
meteorological problems.
In many developing countries data for hydrological purposes are collected
and processed by several sectoral organizations (power, irrigation). Thus,
separate observational networks of meteorological and hydrological stations are
installed and operated, often with different instruments, observational standards,
etc. Obviously a considerable amount of funds and qualified manpower is wasted
by such unco-ordinated approaches. These can be avoided, whenever possible, by
the creation of one national Hydrological Service, either combine<! or closely collaborating with the Meteorological Service.
Close collaboration is also required between the national services and the
various users of meteorological and hydrological information. The establishment
of a national committee for this purpose is recommended. The dircctot• of the
national set·vice should also be given the opportunity to collabomte with and
give his advice tO other national committees, particularly to those which are concemed with the planning of economic development and with the conservation of
the environment.
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In a few cases, neighbouring countries have found it useful and more rational
to combine their national services into one common service to serve the interest
of all participating countries.

Weather knows no national boundaries; and the atmosphere is one

inter~

acting entity. Hence meteorological information from abroad is indispensable,
and close international collaboration between Meteorological Services has for a
long time been recognized as a necessity. The World Weather Watch (WWW) plan
as adopted by the WMO is intended to make the basic necessary meteorological
information available to all countries.
Since international collaboration is on a mutual basis, participating countries
not only benefit from it but also have obligations. WMO has made special
arrangements
assist countries particularly by providing them with the
necessary equipment to meet their obligations under the WWW plan.

to

Although the above considerations are generally applicable, the special
requirements for meteorological and hydrological services of a country depend
widely upon local circumstances. At the request of governments, WMO experts
have helped more than 50 developing countries to organize and to build up
appropriate national Meteorological and/or Hydrological Services or specialized
branches such as agrometeorological services, aeronautical meteorological
services, telecommunication facilities, etc.
Through its Technical Co-operation Programme, WMO is ready to
assist each requesting country not only in assessing its requirements and in
organizing national services but also in training the necessary staff and in the
'application of meteorology and operational hydrology to the various branches
of its economy.

THE WORLD METEOROLOGICAL
ORGANIZATION (WMO)
Efforts to co-ordinate, standardize and improve meteorological activities
throughout the world were begun nearly a hundred years ago when the first
International Meteorological Congress was held in Viemta in 1873. This led to
the creation of the "International Meteorological Organization" which was
replaced in 1951 by the "World Meteorological Organization", a specialized
agency of the United Nations. WMO now has more than 130 Members.
The basic purposes of the Organization are to facilitate international
co-operation in the field of meteorology, to promote standardization of meteorological observations and their rapid exchange between countries, to further the
application of meteorology to aviation, shipping, water problems, agriculture and
other human activities and to encourage research and training for the benefit of
all Members.
Since its ~ransformation into a specialized agency of the United Nations,
WMO has begun to provide technical assistance to developing countries. For
this purpose, since 1952 it has participated in the development programme of the
United Nations (at that time known as EPTA). As will be shown below the scope
and variety of assistance to developing countries has grown considerably in the
course of the years. Since 1968 WMO has supplemented UNDP assistance by
the establishment of its own Voluntary Assistance Programme (VAP), mainly to
assist Members in the implementation of the WWW plan. Today the Technical
Co~operation Programme of the Organization constitutes one of its major
activities.

The World Meteorological Congress
is the supreme body of the Organization. It brings together the delegates of
all Members once every four years to determine general policies for the
fulfilment of the aims of the Organization.

The Executive Committee
is composed of 24 directors of national Meteorological Services serving in an
individual capacity; it meets at least once a year to supervise the. programme
approved by Congress.
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Six Regional Associations

comprise Members of the Organization in the following regions respectively:
Region
Region
Region
Region
Region
Region

I
II

III
IV
V

VI

Africa
Asia
Sonth America
North and Central America
Sonth-west Pacific
Europe

The task of these associations is to co-ordinate meteorological activities
within their respective regions; they also formulate regional technical cooperation projects. For practical reasons it has been found beneficial to
develop certain projects such as seminars as inter-regional projects; e.g.,jointly

for Regions III and IV, and for Regions I! and V respectively.
Eight technical commissions

composed of experts designated by Members are responsible for studying
the basic and the application aspects of the scientific and technical activities
of the Organization.
The Secretariat of WMO

is located in Geneva, Switzerland. It comprises several departments including
a technical co-operation department.
Scientific and technical activities

of the Organization may be divided into four main programmes:
WORLD WEATHER WATCH (WWW)

This programme was launched in 1968 by WMO with the aim of bringing
about greatly improved meteorological services in all countries by the application of all modern scientific and technological devices including satellites and
electronic computers.
WMO RESEARCH PROGRAMME

This programme includes all WMO activities relating to improved scientific
understanding of atmospheric processes. It also includes WMO's participation
in the Global Atmospheric Research Progrannne (GARP) which is jointly
sponsored by WMO and the International Council of Scientific Unions
(ICSU).

WORLD METEOROLOGICAL ORGANIZATION (WMO)
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WMO PROGRAMME ON THE INTERACTION OF MAN AND HIS
ENVffiONMENT
This programme includes all the activities aimed at applying meteorological
knowledge to human activities inclnding such questions as agricultural meteorology, aeronautical meteorology, maritime meteorology and other oceanographic matters, human biometeorology, water resources, atmospheric pollution, meteorological factors involved in industry, recreation, etc.
WMO TECHNICAL CO-OPERATION PROGRAMME
This programme includes all activities of WMO aimed at giving assistance
to the developing countries. More than a hundred countries have so far
benefited from it in one way or another.
The principal fields of assistance are:
Planning and development

National meteorological and hydrological services
Facilities and equipment, comrn,unications, etc.
Extension and organization of national Meteorological and Hydrological
Services and networks
Scientific research, education and training
National meteorological research institutes; development of meteorological satellite technology
Training of meteorological and hydrological personnel at all levels
Fellowships, seminars, etc.
Specialized techniques

Climatology and data control
Processing and analysis of meteorological and hydrological data
Weather forecasting and use of electronic computers
Application 0j' meteorology
Agricultural meteorology, hydrometeorology, water resources
Flood control, hydro-electric and irrigation projects
Meteorology applied to air transport, shipping
Rail and road transportation

Before describing the nature and basic procednres of the different
components of the WMO Technical Co-operation Programme some examples
of past and present projects may illustrate the many different ways in which
WMO is assisting developing countries.

ILLUSTRATIVE EXAMPLES
OF WMO TECHNICAL CO-OPERATION
PROJECTS
Establishment of meteorological and hydrological networks
(Latin America and Asia)
The importance of meteorological and hydrological data in the planning of
water resources development has already been stressed. Such data are particularly important in relation to such activities as the construction of dams and
hydro-electric power plants, irrigation schemes, agriculture, the planning· of
industrial plants and in many· other ways. The acquisition of such data requires
the establishment and operation in each country of a network of meteorological
and hydrological stations, and Wi'I'!O is able to give assistance in this field.
Countries in Latin America and Asia have shown particular interest in assistance
of this kind and Wi'I'!O has already completed many projects for the establishment and improvement of meteorological and hydrological networks in these
regions. Other similar projects are still in execution and more are in the course
of preparation. Although all such projects serve the general purpose of obtaining
improved utilization of the natural water resources, each project is formulated
so as to_ take the special requirements of the country concerned into account.
Several of the network projects in Latin America have resulted from recommendations of the "Water Resources Survey Team" of the United Nations
Economic Commission for Latin America (ECLA) which, since 1955, has included
a WMO hydrometeorologist in this team. In visiting the countries in that
region, the team has found that in many cases there is a serious lack of
meteorological and hydrological data and in its reports the team has drawn
attention to existing deficiencies and has made recommendations on how to
rectify them. In response to such recommendations, Wi'I'!O projects of the
kind described above have in many cases been developed.
In some cases, the previous lack of sufficient planning data has had serious
consequences. In 1951, for instance, a dain was constructed in the South
American Andes, but with the exception of two particularly rainy years, the
reservoir was not sufficiently filled with water. In another case, a dam had
not been planned with adequate capacity and, during the construction period,
heavy floods destroyed both the dam and the power house.
Alerted by such events and recognizing the utmost importance of proper
planning data, the governments of Ecuador, Peru and Chile addressed themselves to WMO with a request for assistance in reorganizing and improving
their national networks of meteorological and hydrological observing stations.
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In the course of four to five years WMO carried out, with the help of the
UNDP/Special Fund, three large projects in these countries whereby existing
stations were reviewed and gaps filled; for this purpose the following new
stations were established in the three countries:
26 principal climatological stations,
185 climatological stations,
199 stations for measuring temperature and precipitation only,
897 precipitation stations,
3 agrometeorological stations,
20 snow-measuring stations in the Andes,
416 hydrological stations.
Equipment not available in the countries was provided by WMO; local
personnel were trained in observing techniques; facilities were created for the
publishing of the data in meteorological and hydrological year-books, and
analyses were made of meteorological and hydrological conditions.
These large projects were completed in 1965 and it is reported by the
countries concerned that the newly acquired meteorological and hydrological
data have proved to be extremely useful for the planning of several large
investments, even though a longer period of record would have beeri desirable .
. Following the example of these projects a number of other countries
in Latin America requested similaT assistance. Projects are at present under
way in the six countries of the Central American Isthmus (Costa Rica, El
Salvador, Guatemala, Honduras, Nicaragua and Panama) as well as in
Colombia, Bolivia and Paraguay.
But not only were networks of observing stations built up; these projects
also had a considerable influence on the infrastructure in the countries concerned. In Ecuador, Colombia and Peru, for instance, combined national
Services for meteorology and hydrology were established either as a prerequisite for, or as a consequence of, the WMO projects. Many other organizational improvements were introduced with the aim of enabling these
Services to give fullest support to all branches of national economy.
Also in other parts of the world similar network projects were undertaken
upon request by the governments concerned. An interesting example is a
project which is being executed in the Mongolian People's Republic with the
aim of establishing meteorological and hydrological stations in the wide area
from the mountain ranges of the Altai down to the Gobi desert. Living
conditions in Mongolia are rather difficult due to the extreme continental
climate with temperatures up to 35°C in summer and down to - 45oc in
winter. Rai:rifall is scarce and mainly restricted to a few summer months; even
then, it falls in heavy showers which cause floods and destruction, whereas the
rest of the year is dry. Much damage can be prevented and valuable water
conserved for drought periods by building dams and reservoirs, but before
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doing so meteorological and hydrological data have to be collected for several
years as a basis for rational planning. The government of Mongolia has fully
recognized this requirement; with the successful completion of this project the
necessary data will become available.
In two other countries of Asia, Thailand and Burma, similar projects
were completed several years ago. To illustrate that each of these projects has
its particular aspects, one of them is described in more detail below.

Control and development of water resources (Burma)
In Burma, as indeed in many other countries, the natural water resources
are of paramount importance in the development of the nation's economy. In

particular, a thorough knowledge of the regimes of the country's rivers is essential
for projects relating to hydro-electric power generation, irrigation, river navigation, river port construction, city planning and the provision of water supplies

for Rangoon and other large cities. In response to a request of the Government
of Burma, WMO has already completed a project for the expansion and strengthening of the national meteorological and hydrological services in order to provide
the information needed for these essential activities.
Burma's rivers rise in the high mountains in the north and are fed both
by snow-melt in the far nortb and by abundant rain over the rest of the country. In the south of the country particularly, the rivers flood annually. Although such floods may cause considerable damage, they are of enormous
importance to the country's economy since the deposit of silt that they leave
helps to maintain the fertility of millions of hectares of rice-land. The rivers
provide the most convenient and the cheapest transportation routes through
the country, besides being used for irrigation and, increasingly, as a source of
power.
The climate of Burma is of the monsoon type and the country is generally
blessed with abundant water, but this resource is poorly distributed both in
space and time. The heavy monsoon rains and the torrential downpours associated with storms lead to sustained flooding in the wetter areas and to flashfloods in the drier parts. During the dry season, on the other hand, scarcity
of water becomes a problem over much of the country. The dry zone around
Mandalay may, in some years, even during the wet season, suffer from acute
water shortage. It is therefore clear that it is essential to plan, develop, control
and conserve the country's water resources as a prerequisite for any projects
for economic expansion and particularly for the increase of agricultural production.
Although the total water resources are ample, much more detailed hydrometeorological information is required before they can be as fully used as
they could and should be. WMO assisted here through the establishment of a
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hydrometeorological section, setting up 75 meteorological and hydrological
observing stations and providing the necessary training and research facilities
essential for the full and effective operation of the Meteorological and Hydrological Service.

Flood forecasting and warning system for the upper Niger
basin (Guinea and Mali)
The Niger is one of the most important rivers in Africa. In its upper reaches
it crosses Guinea and Mali. From time to time severe flooding occurs in these
countries which may have disastrous effects on life and property; habitations
may be destroyed and cultivated areas flooded. lll-health and malnutrition of the
population are among the serious consequences of these disasters. In order to
provide protection for life and property, and also to ensure safety and J·egularity
of river navigation, to contribute to better planning and management of agri~
cultural programmes, a UNDP /WMO project has been approved and is in the
course of implementation. This project aims at the establishment of a comprehensive flood forecasting and warning system for the upper basin of the Niger.
The upper Niger river basin is characterized by high precipitation (more
than 2,000 mm per year) and rather steep gradients (5 metres per kilometre).
Streamflow is very irregular, from about 8,000 cubic metres/second in flood
periods to less than 50 cubic metres/second during low-level periods. The
regime of the river is a decisive factor for agricultural activities in Guinea and
Mali and affects tbe well-being of the population.
The necessity for the population to be warned of the extent of floods to
be expected led, before 1960, to the elaboration of simple forecasting methods
based on observations of some hydrological stations on the Niger River and
its tributary, the Bani. This system, however, is not sufficient, mainly due to the
speed with which the flood wave moves (in 1967 the flood wave travelled 200
kilometres in tbree days). An efficient warning system therefore requires
modern equipment and also quick telecommunications.
Upon request by the two governments, WMO began with the execution
of a project in which hydrological and raingauge stations were rehabilitated
or installed and a basic telecommunications network built up. Past fl.ood data
were collected and analysed and studies undertaken concerning the most suitable forecast method to be applied. The results of these measures are at the
same time applied to practical forecasting and with the experience gained a
final forecasting and warning system will be developed.
It is expected that through the operation of such a system tbe situation of
the affected population will be much alleviated and the economic situation
improved by reducing fl.ood damage.
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Hydrometeorological survey (East Africa)
Lake Victoria is the largest lake in Africa and among the largest in the
world. Close to it are two other important lakes - Kyoga and Albert. Large
areas of Kenya, Tanzania and Uganda depend upon these lakes for their water
supplies. They are also an important source of food since they support extensive
fishing activities. Lake Victoria is the source of the White Nile and the other
lakes also contribute to the Upper Nile. The management of the waters of these
three lakes is thus of concern to the downstream countries of the Sudan and the
Arab Republic of Egypt.
The increasing needs of all these countries for water have made it necessary
to understand more thoroughly the water balance of these lakes and of the Upper
Nile. The dependence of the Nile on the waters of these lakes, particularly Lake
Victoria, has led to the establishment of international agreements which date as
far back as 1929. Recent political and economic developments may require such
agreements to be adapted to the changing situation.
With such factors in mind, the governments of the five countries mentioned
above requested, therefore, that a "Hydromcteorological Survey of the Catchments of Lakes Victoria, Kyoga and Albert" be carried out as an important
UNDP/Special Fund project. At a later stage Rwanda and Bnrundi requested
to be incorporated in this survey.
The objectives of the project which is being executed by WMO are the
collection and the analysis of hydrometeorological data of the catchments in
order to study the water balance of the Upper Nile. The data collected and their
study are expected to assist the countries in the planning of water conservation
and development and to provide the groundwork for inter-governmental co-operation for the storage, regulation and use of the Nile. The project is of significance
to all riparian countries from the viewpoint of their economic development
particularly in the field of hydro-power generation, irrigation, flood control,
inland navigation, swamp reclamation, urban, rural and industrial water supplies,
fisheries, recreation facilities and tomism (there are important game parks in
the area).
The project represents an outstanding example of international co~operation
in the development of common resources for the economic benefit of a group of
countries.
Some of the background aspects of the project are briefly described below.
The rapid growth of the population requires an extension of the cultivated
area; this results in an increased water consumption. The drainage of wide
areas of swamps in the catchment area and at the borders of the lakes plays a
great role in the extension of agriculture. Until the middle of this century
agricult11re in East Africa was exclusively based on natural rainfall; since then
it has been recognized that it is possible through complementing natural rain
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by irrigation to increase the yield of crops considerably. All these measures
influence the inflow of water into the lake whereas the outflow can be regulated
by the Owen Falls dam; the power plant here was constructed in 1954 but up
to now has not yet been used to full capacity. This again influences the flow
of water into the Nile which is of paramount importance to the Sudan and
Egypt.
The five-year project has the purpose of determining the natural water
balance of the catchments of Lakes Victoria, Kyoga and Albert and providing
data for estimating the influence of the various measures taken or intended
by man for the use of the waters in the catchment areas.
As a first step, the existing meteorological and hydrological station networks were reviewed. In some areas the density of the station networks was

found to be quite insufficient. Existing stations were therefore upgraded and
new stations installed; not only was eqttipment of the conventional type nsed,
but an automatic weather station was also installed on one of the islands in
Lake Victoria. Moreover, topographic and hydrographic surveys were carried
out, particularly of those sections of lake-shore areas which are flat and are
most subject to change with variations in levels of the lake; these surveys are
required to provide a better basis for planning future regulation of lake levels
and use of shore lands. A hydro graphic survey of Lake Kyoga was carried out,
particularly of the portion where depths are shallow and not well measured.
Experiments were initiated to define better the water losses from swamp
areas. ·A considerable number of local personnel are also being trained for
collaboration with the international team of experts and for carrying on the
investigation after WMO aid is concluded.
The installation phase of the project was terminated in two years, after
which voluminous work was undertaken for the processing and analysis of
old and new observational material. The purpose of this was to prepare statistical and graphical design data which would enable the participating countries to make realistic plans for the optimum use of the waters available, taking
the interests of all countries duly into account.

Multi-purpos e assistance (Caribbean Meteorological Services)
In some cases, WMO endeavours to assist a group of countries in solving
jointly a number of problems closely related to their economic development. An
example of such a multi-purpose and regional project is the WMO project in the
Caribbean area. Fourteen Commonwealth countries and territories in that area
are participating in a large project which has a threefold purpose: improvement
of hurricane warning services, support to agriculture and establishment of a
Caribbean Meteorological Institute.
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Each year, hurricanes cause serious damage to crops and property and
loss of life in the Caribbean area. Much of this damage could be prevented
by an efficient warning system. Early recognition of approaching hurricanes
is facilitated by meteorological satellites, but it is necessary to follow the
track of a hurricane more closely in order to be able to issue precise warnings
as early as possible. Large radars can detect and follow a hurricane up to a
distance of 400 km. WMO is installing, in the framework of this UNDP /
Special Fund project, six large radars situated at strategic points in the area.
The radar stations are interconnected; their observations will enable warnings
to be issued more precisely and much earlier than hitherto thus enabling
people to take precautions for mitigating hurricane damage. The warning

service will closely collaborate with similar systems in neighbouring countries.
Agriculture on the Caribbean islands is at present undergoing an important transformation. The traditional sugar-cane cultivation is becoming less

and less profitable; on the other hand food has to be imported. Adaptation
of agriculture to changing requirements is therfore of vital importance. If
from the outset the agroclimatological conditions are taken into account,

much fruitless experimenting can be avoided and better results achieved. In
the course of the project, 21 agrometerorological stations have been established and appropriate investigations are being carried out to enable countries
concerned to obtain full advice for their agricultural expansion plans.
Thirdly, a Caribbean Meteorological Institute is being· developed at
Barbados. Equipped with an instrument workshop and with data-processing
facilities, it is to become the centre for investigations of hurricane behaviour,
and climatological, agrometeorological, and hydrometeorological problems.
At the same time, it serves as a training centre for aeronautical meteorological personnel,

data~processing,

instruments and radar technicians, as well

as for observers from the Caribbean countries. When the project was planned,
an assessment was made of the number of persons to be trained in the different categories. After the first courses started, participating countries became

more and more aware of the importance of meteorological training with the
result that four times as many training courses as originally envisaged had to
be organized.
The project thus endeavours to assist in many different ways in the development _process of the countries and territories concerned.
In the meantime, another UNDP /WMO project commenced operations
which may be considered as complementary to the one described above.
Upon request of the government of Cuba, WMO is assisting that country
in the improvement of the radar network for hurricane tracking; tlu-ee weather radars including telecommunications links will be supplied in addition
to the three already installed by Cuba itself. Equipment for 18 agrometeorological stations, for automatic data-processing, for the necessary laboratories
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and instruments workshop as well as equipment for training and research
will be supplied. WMO will also support training of personnel through fellowships and on-the-job training.
It is expected that this project will contribute to the development of
agriculture, livestock, fisheries and industry as well as to the protection of the
country against hurricane damage.

Meteorolo gical training and research (Philippines)
The Philippines has long recognized that adequate meteOI'ological support
is needed in the implementation of socio-economic development programmes of

the country aimed at raising the people's standard of living. The government
requested WMO assistance in a project to accelerate and improve the training
of meteorological personnel, and to create facilities to carry out research in
various fields of applied meteorology.
The Philippines' Five-Year Socio-Economic Development Plan includes
a number of projects for tbe development of agriculture, of new lands, of
inter-island shipping and aviation; for increased production of hydro-electric
power, as well as for minimizing the disruption of the economy due to calamities resulting from frequent typhoons and floods. The project "Meteorological Training and Research" is intended to support these developments.
Facilities will be built up to initiate and develop research in applied meteorological fields such as agricultural meteorology. Forecasting techniques by
statistical methods are studied with a view to improving typhoon and precipitation forecasting. Hydrometeorological studies, which include the development of rainfall-runoff relationships, are carried out with a view to developing reliable flood forecasting and warning techniques.
Other studies are related to the utilization of weather information and
forecasts for increasing agricultural production. Among these are studies of
the heat and moisture balance of the soil and the plant cover which are required
to determine the effect of weather on crop production and land use. The
agricultural output of the Philippines is very varied. Rice, corn and vegetables
are produced and consumed locally; coconut is the most valuable agricultural
export followed by sugar-cane products.
The project is not only creating research facilities but also ensuring that
adequately trained meteorological personnel will be available to carry out
these studies. Through the project an Institute of Meteorology attached to
the Philippine Weather Bureau has been established and a Department of
Meteorology also set up in the University of the Philippines in Manila. The
Institute and the Department will, between them, meet all training needs of
meteorological personnel and jointly carry out the research in applied meteorology.
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Meteorologic al research and training ; meteorologic al
telecommun ications (Arab Republic of Egypt)
In many developing countries, the responsibilities of Meteorological Services
are increasing considerably as a result of the growing application of meteorology
to various fields of development and to the protection of the human environment.
This requires not only the basic training of qualified staff but also the re-training
of the existing meteorological personnel in order to keep them abreast of latest
developments and to enable them to carry out certain essential basic and applied
research work. Basic re.search is required in order to obtain a better under-

standing of the atmospheric processes, especially in the sub-tropical and tropical
parts of the wol'ld, and it is therefore of long-term benefit; applied research on
the other hand is of immediate practical benefit.
Recognizing this requirement, the Arab Republic of Egypt, with the help of
WMO, is building up in Cairo a Meteorological Institute for Research and
Training of major importance.

In the general plan of the WWW, Cairo is also a Regional Meteorological
Centre and an important interconnexion between the Main Trunk Circuit of the
Global Telecommuuicatiou System which connects the Wol'ld Meteorological
Centres and certain regional centres around the world, and the regional telecommunication network in Africa. With the help of WMO, a Regional Telecommunication Hub (RTH) is being built up in Cairo.
The work of both the institute and the regional centre will not only be of
benefit for the A.R.E. but also for a number of countries in the area; it will in
addition constitute an important contribution to the WMO global plans in
general and to the WWW in particular.
The building up of the institute began in 1965 with the help of a UNDP f
Special Fund project. Many research workers and operational forecasters
have been trained as well as observers and specialists in electronic instruments.
In addition, meteorological training has been provided to pilots, civil aviation
ground personnel, agronomists and engineers.
In the field of research, about 20 studies have been undertaken so far.
One group deals with studies.on the various weather systems and phenomena
affecting the region, such as the Khamsin and Cyprus depressions; some
limited research on numerical weather prediction with the help of electronic
computer-s has also been carried out. The second group deals with the application of meteorology to various a~pects of the A.R.E. Plan of Economic
Development, particularly in the fields of agriculture, land reclamation and
transport.
The results of the research work are published in the Research Bulletin
of the A.R.E. Meteorological Department (four issues up to 1970); they are,
no doubt, of interest to other countries with similar meteorological and ecolo-

EXAMPLES OF WMO TECHNICAL CO-OPERATION

37

gical conditions. A second-phase UNDP project is now continuing the work
begun; among other things, it provides the institute with a medium-size electronic computer to enable it to apply the most modern scientific and technological methods to its work.
The RTH in Cairo will also be supplied with modern telecommunications
equipment. Until the inception of the WWW, data for the construction of
northern hemisphere meteorological charts were exchanged between a limited
number of centres only. The setting up of an R TH. at Cairo will establish
improved connexions between the main trunk circuit and other countries in
Africa; it will therefore be of benefit to African countries and also to other
countries outside Africa.
With the help of the WMO Voluntary Assistance Programme, the first
phase of this project is being implemented. Full completion of this phase
will be accomplished by 1972; partial operation of the centre has already begun.

Direct reception and use of data
from meteorologi cal satellites
The advent of the meteorological satellite may be said to have marked a
turning point in meteorology; it was, in fact, largely responsible for the creation
of the World Weather Watch. Both the U.S.A. and the U.S.S.R. have established
meteorological satellite programmes which now constitute an essential element
of the Global Observing System of WWW; they provide a means of observing
the Earth's atmosphere on a truly global scale and at frequent intervals. Previously, meteorological observations from many regions of the world, particu~
larly the oceans and the uninhabited land regions, were either non-existent or
very scanty; the satellite provided the means to fill these gaps. Even in those
regions where good surface networks of stations have been established, the
satellite provides a valuable source of supplementary information.
The full potential of the meteorological satellite has still to be developed,
but already it is an essential and routine source of data for developed and developing
countries. It enables pictures of the weather systems covering the whole globe
to be taken on a daily basis so that, for example, no major storm, such as a
typhoon or hurricane, can now develop without its existence being known
immediately and its movement continuously watched. Thus, warnings of such
storms, and the routine analyses of weather conditions in general, have already
been greatly improved. Moreover, such pictures may be taken not only by day
but also at night using infra~red sensors. Other meteorological measurements,
including other types of radiation, are also possible but, in the present context,
these need not be described.
The importance of conveying the benefits of these developments to all
countries of the world was at once recognized and provision for this was therefore
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included in the WWW programme. This is effected by a widely used United
States system known as the Automatic Picture Transmission (APT) whereby tbe
satellite, as it moves in orbit around the Earth, automatically transmits the
pictures of the cloud and weather systems beneath it; by means of a relatively
_ _ _ _ _,simple_ground-receiving_eql!ip_ment, these pictures may be received directly_,f"ro,.m..__ _
the satellite. The advantage of this system to developing countries, many of
which, because of proximity to oceans or to la1·ge desert areas or other difficult
natural conditions, inevitably find the development of a fully satisfactory conventional system of obtaining meteorological data a difficult and time-consuming
process, is that they can now at once obtain, directly from the satellite, weather
information from a vast geographical area around them.
The provision of APT equipment to developing countries thus constitutes
an important element in WMO technical co-operation activities -mainly
under the WMO Voluntary Assistance Programme. It is, however, not enough
to supply the equipment, for the interpretation of the data and their use in the
preparation of meteorological analyses and forecasts require special knowledge
and skills. Thus, WMO activities include training in the interpretation of the
satellite data. Frequently this is done by means of training seminars.
Some examples of such technical co-operation projects are described in the
following paragraphs.
Establishment of APT stations in various countries

In view of the usefulness of direct reception from meteorological satellites,
it would be desirable for each country to establish at least one APT station
on its territory. Many countries have been able to provide the necessary
equipment themselves, othe1·s have requested assistance from WMO. Up to
the end of 1970 equipment for 19 APT stations was made available under the
VAP; further requests are being circulated in order to find donors for them.
Among the countries which, having recognized the advantages of direct
satellite reception, have requested assistance are Colombia, Ethiopia, Mongolia and Thailand, and their requests have been met within the YAP.
Colombia borders the Pacific Ocean and the Caribbean Sea; the eastern
part of the country and adjacent areas consist of jungle and there are only
a very small number of scattered meteorological observation stations. The
APT station at Bogota will contribute significantly to improve weather forecasting, particularly in situations which cause heavy rains and floods.
Ethiopia is situated in a data-sparse area of east Africa; its weather is

influenced by air masses from the African continent as well as from the Indian
Ocean and the Red Sea, which cause thunderstorms and heavy rains, particularly
in July and Augnst. APT reception at Addis Ababa will be a great help for
analysing and forecasting meteorological developments.
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The extreme meteorological conditions of Mongolia were briefly mentioned
above. Observations obtained from the station network which is being built
up with WMO assistance will be supplemented by the APT reception at Ulan
Bator. The APT will also observe snow coverage of the mountainous areas
of the country, for snow-melt is an important element of water supply.
To Thailand and other South-east Asian countries the early recognition
of tropical storms, typhoons and other atmospheric disturbances is of great
importance. The APT station at Bangkok will therefore provide a powerful
tool for the early location and tracking of dangerous developments and the
issue of warnings well in time.
Training of meteorologists in the interpretation and use
of meteorological satellite data

In view of the increasing number of APT stations in developing countries,

WMO endeavoured to assist in the training of national meteorological personnel
in interpretation and use of satellite data; this was done by arranging several
training seminars as regional or inter-regional UNDP projects. These seminars
were conducted through a series of lectures and practical exercises by highly
qualified specialists in this field; normally the material for the practical exercises was based on satellite information referring to the region from which
participants came.

The first seminar was held in Tokyo as early as 1964. Subsequent satellite
meteorology seminars were held in Moscow in 1966 for participants from
Europe and north Africa and in Melbourne in 1968 for participants from
Asia and the Far East. The interest in these seminars can be seen in the fact
that 16 countries participated in the first seminar and that 23 countries sent
participants to each of the second and third seminars. As a result of the training thus received, the participants, when they returned home, were able to
introduce advanced techniques for interpreting satellite information. Through
lectures for their colleagues, they were able to spread the newly acquired knowledge to a larger group of meteorologists. In view of the importance of the
subject further seminars on satellite meteorology are being planned.
Another means of training meteorologists in the use of satellite data is
through fellowships to receive instruction in countries which are prominent

in this field. During the period 1965-1970 WMO provided 15 fellowships in
satellite meteorology, and short periods of attendance at satellite centres were
included in many other fellowships whose main field of study was. synoptic
meteorology.
In some cases, countries donating APT equipment also made available
short fellowships in maintenance and interpretation, or they provided an
expert to give on-the-job instruction in the recipient country.
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Through the projects briefly described above many developing countries
are being put in the position of being able to benefit from most recent developments of meteorological satellite technology.

Exchange of information through meteorological
telecommunications
Several of the projects referred to above show that all national Meteorological
Services need to base their work to a great extent on data received from other
countries. The reception of such data affects directly the efficiency of the
Meteorological Service in each country and projects relating to meteorological

telecommunications thus constitute a significant proportion of the whole Technical Co-operation Programme of the Organization. A brief description of the
salient features of the WMO Global Telecommunication System (GTS) is
therefore given. below.
The GTS, which is an integral part of WWW, may be divided into three
basic components:

(a) Collection of meteorological observations within each country in the
National Meteorological Centre. For the timely preparation of weather
forecasts, including warnings, it is necessary that all observational data
from synoptic meteorological stations be collected at the national centre
· within 20 'minutes after completion of the report by the observer.
(b) Collection and distribution of information from several countries at
regional centres which

(i)

also receive processed material from World Meteorological Centres,

(ii) process all information of interest to their respective areas,
(iii) re-broadcast it in a form which facilitates its use by the countries
of the area concerned.

(c) Global exchange of meteorological information between regional centres
and the three World Meteorological Centres which receive, process
and re-broadcast material on a world-wide basis.

A co-ordinated global system such as this avoids duplication of efforts and
provides Meteorological Services of developing countries with information and

forecasting material which previously were not available to them. This in turn
greatly facilitates their work in serving various branches of the national economy.
WMO assists many countries in the implementation of telecommunication

facilities forming part of the GTS which are to be established within their territory. The first projects of this kind were financed from WMO's New Development Fund; assistance is now mainly given through the VAP of WJYIO.
The establishment of a RTH in Cairo mentioned above is one example.
Three more telecommunication projects of a different nature are briefly described
below.
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Collection of meteorological information from stations in Zambia at the
National Meteorological Centre in Lusaka

Before the WWW came into operation the reception of observations from
the synoptic stations in Zambia at the forecasting office in Lusaka was delayed
for more than one hour; it was therefore difficult to prepare accurate weather
forecasts for the country in time. Upon request by the govemment, WMO
supplied from its New Development Fund low-powered radio-telephone equipment which now allows each observing station to transmit its observations
directly to the National Meteorological Centre, both during day and night.
The establishment of this facility results in improved meteorological services to all users in Zambia. In addition it is an important contribution to
the WWW since the data from Zambia are required for the preparation of
regional and global weather analyses and short- and medium-range prognoses
from which many countries will benefit.
Broadcasts of meteorological information from Dakar, Senegal

Previously, each national service had to receive meteorological information from various countries by radio broadcasts; it had to plot meteorological
maps several times a day as the basis for issuing meteorological forecasts,
warnings, etc. Under the WWW system meteorological maps for certain
determined areas are prepared regularly at Regional Meteorological Centres
(RMC) and are disseminated by eo-located Regional Telecommunication
Hubs (RTH) in pictorial form through "facsimile broadcasts" thus enabling
a group of countries to receive this material in readily usable form without
having to process the material themselves.
In west Mrica the government of Senegal agreed to establish such a
centre in Dakar. This required radio reception facilities for receiving regularly
observations from western and central parts of Africa and adjacent areas; it
also required a facsimiJe broadcasting station for the dissemination of the processed meteorological charts. This request has been met within the YAP,
with the government of Senegal itself providing additional telecomunications
equipment, the necessary buildings, land for antennae, services for installation
and maintenance. The government has also agreed to continue the operation
of the centre for a period of at least five years. Transmissions from Dakar
started in April 1971; at least 14 countries in Africa will benefit from them.
Establishment of a Regional Telecommunication Hub at Brasilia

Before the implementation of the WWW plan began WMO was already
supporting Brazil under the New Development Fund by substantial grants of
telecommunications equipment. These grants were to set up a radio link
capable of transmission of data in the usual coded form as well as in pictorial
form (facsimile transmissions) between Washington and Brasilia. This link
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has been fully operational since the beginning of 1971. Nevertheless, there is
a need for further improvement of its capacity and also for setting up radio
links with the other RTHs in South America, namely Buenos Aires and Maracay. The government of Brazil has asked for equipment support under the
WMO Voluntary Assistance Programme and the necessary equipment and
related services are being provided under the VAP.
This project is of benefit to South American countries and is of global
interest also. It will permit the timely collection of observational data from
the whole South American continent and its transmission to other continents.
It will also permit the distribution of data from other parts of the world within
South America. Thus, this will enable meteorological services in South
America to improve short- and middle-range forecasting and to give better
services than hitherto to various fields of economy.

Instruction of meteorologists and agronomists
in the application of agrometeorology
As explained above, agricultural meteorology is of special importance in
the world of today with the ever-increasing demand for the production of more
food. This applies particularly to developing countries, and WMO's technical
assistance activities include many projects relating to agriculture.
In order to render maximum assistance to developing countries, it is not
only necessary to train their meteorologists in the application of meteorology
to agriculture, but also to ensure that the agronomists in these countries are
fully aware of the benefits they can obtain from meteorology. A very effective
way of achieving this goal is to organize seminars for persons serving in the
various meteorological services and agronomical institutio:ps of the cmmtries in
a region where the problems are essentially similar. They can thus work together
and study those matters which are directly concerned with the scientific, technical and practical aspects of agricultural meteorology,
A number of training seminars on agricultural meteorology have been
organized by WMO in different parts of the world as regional or inter-regional
UNDP projects; one of them was for the benefit of Latin American countries,
held in Barbados in 1970.
The purpose of this seminar was to give training to meteorological personnel, agronomists and agricultural planners on various aspects of agricultural meteorology which are of direct interest to the development of agriculture in the region. Specialists from 26 countries in Latin America and the
Caribbean participated in the meeting.
During the seminar, not only were a considerable nnmber of lectures
presented but the participants also took an active part by explaining, through
short contributions, the organization of agricultural meteorology in their
respective countries, and made various interesting suggestioqs.
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The lectures covered agrometeorological and agroclimatological work,
including the planning and interpretation of field experiments, biological and
phenological observations, methods of computing water balance, bioclimatological effects on crops, yields and quality of crops, weather modification,
graphic representation and mapping, regional climatology, tropical climates
and animal diseases.
The conclusions of the seminar dealt with various important aspects of
future development of agricultural meteorology in the area concerned, such
as the organization of agrometeorological sections within Meteorological
Services, the need for expanded and suitably designed networks of agrometeorological stations, the supply of information to consumers and the necessity
of improving facilities for training of specialists in agricultural meteorology.
It is believed that this seminar made a significant contribution towards
furthering agriculture through application of meteorology.

Conference on agroclimatology in the semi-arid areas south
of the Sahara
Certain semi-arid areas of the world have a single relatively short annual
period of rain with the rest of the year comprising a long, dry season. The annual
growing season is not long enough to perinit consecutive cultivation of main
crops. Extensive cultivation during the rainy period can, however, produce good
results, providing that agricultural practices are carefully planned in accordance
with the natural availability of water.
These conditions apply to a wide area south of the Sahara in Africa; similar
conditions prevail in certain areas in north~west India and north Australia.
In collaboration between FAO, UNESCO and WMO, an agroclimatological
survey was carried out of the semi-al'id areas south of the Sahara. In order
to draw practical conclusions of the results of this survey, a conference of eleven
interested countries was organized by Wl\10 in February 1971 in Dakar, Senegal,
as a UNDP regional project. Participants agreed that this conference provided
guidelines and would be most valuable for future increase of agricultural production
in the area concerned.
The area in question is delineated in the west by the Atlantic Ocean, in
the north by the Sahara and in the east approximately by the border between
Chad and Sudan. Whereas there is sufficient sunshine in the area all through
the year, the period during which annual crops can be grown is determined by
the balance between rainfall, evapotranspiration and water storage; this period
decreases from 200 days in the south to 55 days in the more northern part of
the area. Close matching of agricultural practices with these natural conditions is therefore required in order to obtain maximum yields. Whereas millet,
sorghum and groundnut can be cultivated in most of the area, there are narrow
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ranges for cotton production. On the other hand, it seems possible to intensify
pastures and fodder production.
At the conference, the eleven interested countries were all represented by
meteorologists and most of them by agronomists; the host country also had
representatives from forestry, water development and rural development departments.
The lectures given covered topics such as types of weather and agroclimatological conditions of the semi-arid area south of the Sahara as well as the
biometeorology of the main crops. The participants were given the opportunity
to conduct practical work, such as the calculation of water availability, and
to exchange experiences on agrometeorological activities in their respective
countries. Subsequently, the administrative measures to he applied for optimum
application of meteorology to agriculture, including the training of staff, were
discussed. They aimed at taking all necessary steps towards the increase of
agricultural production, hearing in mind the possibilities and limitations
imposed by nature.

Professional training of personnel of developing countries
Many of the preceding examples of technical assistance activities show the
essential need for well-trained personnel and hence the importance of training
projects in the developing conntries·. Skilled personnel is a prerequisite to the
development of efficient meteorological and hydrological services capable of
giving maximum assistance in the different branches of a country's economy.

From the inception of its technical co-ope1·ation activities WMO has put
considerable emphasis on the training of staff at all levels; at present abont 30
per cent of WMO's UNDP activities are devoted to training.
Training is provided in the following ways:
(a) Fellowships are awarded to nationals of developing countries for practical training in advanced Meteorological or Hydrological Services
abroad (familiarization fellowships) or for training at universities or
other educational institutions abroad (training fellowships). A special
form of fellowship is "long-term fellowships" for the formation of
university-trained meteorologists.

(b) Experts are provided either for tl'aining nationals of developing countries in their own services (on-the-job training) or to give formal courses
at national or· regional training centres or at universities (classroom

training).
· (c) Training seminars are organized by WM 0 in various parts of the
world on different topics as inter-country projects.
As a result of such activities, about 10,000 persons from a large number
of developing countries were trained in one way or another during the period
1952-1970. Many of those receiving training have imparted this newly acquired
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knowledge to their colleagues on returning to their respective home countries
so that the benefits extend even beyond those actually receiving training.
Initially training was provided in response to individual requests by governments, but a broader approach became necessary in the sixties with the
increasing need for training especially in countries attaining independent status.

Surveys of staff requirements w~re carried out by' WMO first in Africa and
then in other parts of the world, and training facilities were subsequently established on a regional basis. In this way, significant progress has been achieved
in overcoming the serious shortage of qualified staff in many developing countries.
WMO and the interested countries should continue to collaborate closely
in order to ensure the training of staff to enable all national Meteorological and
Hydrological Services to give the required support efficiently to the country's
economic development.

As a common basis for all efforts WMO issued "Guidelines for the Education and Training of Meteorological Personnel". The guidelines contain
among other things a classification of meteorological personnel along the
following lines:
Class
Class
Class
Class

I II TIIIV -

University-trained meteorologists;
Operational meteorologists including forecasters;
Meteorological assistants;
Meteorological observers.

The above classification of meteorological personnel was accepted by
many Members of WMO although some countries preferred to use different systems.
The normal practice of the Organization is to leave the training of Class IV
personnel to the national authorities; most countries are able to do this without
assistance from WMO. On the other hand, the training of Classes II and Ill
meteorological personnel is supported by WMO through the establishment of
regional training centres as technical co-operation projects with the aim that
WMO support should be terminated when it is felt that the training activities
could be carried out by the national instructors. For Class I training, students
from developing countries are often sent to universities of developed countries
with the help of fellowships. It is gratifying to report that some countries
open their universities to students from developing countries free of charge.
One of them is Argentina which, being itself a developing country, offered
in the fifties its university training courses for Class I and later Class II to
students from Latin American countries. Training of students from developing countries in an environment similar to their own countries has definite
advantages. For this reason, WMO has established, through regional technical co-operation projects, a number of chairs of meteorology or meteorological departments in certain developing countries.

46

WMO HELPS THE DEVELOPING COUNTRIES

Training and research institutes which are being built up by WMO as
UNDP projects are also open to the training of students from other developing countries.
Given below are some of the training facilities of more than national
interest which at present (1971) are being supported by WMO technical cooperation projects. The language of tuition is indicated as follows: English (E),
French (F), Spanish (S), Portuguese (P).
Class IV/ Class Ill
Class IV courses are given by a WMO expert (S) who visits every country
of the Central American Isthmus for a period of six months. The ultimate
aim is the establishment of a regional training centre for Class Ill meteorological personnel in the same area. The successful students from the present
Class IV courses may participate in Class Ill training.
Classes IT and Ill (Regional training centres)
Kinshasa, Democratic Republic of Zalre (F) - Classes II, Ill and IV
Lagos, Nigeria (E) - Classes Il and 1II
Nairobi, Kenya (E)- Class II
Class I (Departments or chairs of meteorology)
Costa Rica (S)
Rio de Janeiro, Brazil (S, P)
Nairobi, Kenya (E)
Manila, Philippines (E)
Institutes for research and training
Algiers, Algeria (F)- Classes I, Il, III and IV
Barbados (Caribbean) (E)- Classes II and IV
Cairo, A.R.E. (E)- Classes I and III
Manila, Philippines (E)- Classes ll, Ill and IV
An institute for meteorological research and training is also being built
up in Nairobi, Kenya, as a large-scale WMO/UNDP project the purpose of
which is to incorporate in one project all meteorological training and research
activities ,in east Africa.
In some of the above-mentioned training facilities special courses in agrometeorology, hydrometeorology, meteorological instruments, etc. are incorporated.
The above WMO-supported facilities are either executed as UNDP country or inter-country projects. It may be mentioned that in some cases training
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activities which started on a very small scale grew considerably after the existence of the training facilities had become known. The first course during the
academic year 1963-64 given at the chair of meteorology in Nairobi, for
instance, was attended by one student only; he later became Director-General
of the East African Meteorological Department. In subsequent years the
number of students increased considerably.
Another means of conveying specialized knowledge and experience to
groups of participants from developing countries is the organization of training seminars. Up to 1970 more than 30 such seminars dealing with different
topics had been organized by WMO in different parts of the world; some of
them in co-operation with other organizations (ICAO, FAO) or with Economic Commissions of the United Nations (ECA, ECLA, ECAFE).
A wide range of subjects were treated during these seminars. Examples
have already been given above of seminars which dealt with the interpretation
of meteorological satellite data and with the application of agrometeorology. No
less than eight seminars in different parts of the world were devoted to questions
of hydrology and hydrometeorology (planning of hydrological observation
networks, hydrological forecasting, studies of water balance, forecast of heavy
rains and floods). Other seminars (organized in collaboration with ICAO)
dealt with the meteorological requirements for jet operations. In view of the
fate that many developing countries are located in the tropics where weather
systems are quite distinct from systems found in extra-tropical areas, several

seminars were devoted to tropical meteorology. Considering that hurricanes
and typhoons cause serious damage in tropical countries affected by them,
two special seminars dealt with tropical cyclones (characteristics, detection,
forecasting, warning services).
There were also seminars on the operation and maintenance of meteorological telecommunications. Moreover, in order to enable developing countries
to take over more and more ttaining activities themselves, several seminars

were organized for national instructors for classes Ill and IV meteorological
personneL And, furthermore, two successful seminars were held to deal with
the question of the role of meteorology in economic development; not only
meteorologists but also economic planners were invited to these seminars.

To a great extent WMO endeavours not only to convey specialized knowledge to meteorologists but also to instruct users of Meteorological Services
concerning the benefits they can derive from them. Meteorological training
is therefore also being provided to pilots, air traffic personnel, agronomists,
hydrologists, interested government officials and other groups of personnel.
These examples may have shown the wide range of efforts through which
WMO endeavours to assist developing countries, individually or in groups, in
the training of professional personnel, so as to enable countries to derive full
benefit from Meteorological and Hydrological Services.

COLLABORATION WITH OTHER AGENCIES
It will be evident from the foregoing pages that meteorology and hydrology
are closely related to many fields of economic development. There is therefore
a need for WMO to collaborate closely with the United Nations and other
Specialized Agencies in fields of mutual interest and particularly in the planning
and execution of technical co-operation projects. WMO has always paid great
attention to this need for co-ordination and collaboration, as the examples given
later in this chapter will demonstrate.
Taking first the United Nations, WMO has given special attention to the
Second United Nations Development Decade and has also developed close and
fruitful relations with the United Nations Economic Commissions. In this latter
connexion, experience has shown that many technical co~operation projects may
most effectively be implemented jointly by WMO and the appropriate regional
commission.
In this way, the recipient countries derive maximum benefit from the. highly
specialized knowledge of WMO on the one hand and the wide understanding
and experience of the regional commissions of the over-all economic and social
needs of the countries concerned, on the other.
With regard to WMO's collaboration with other Specialized Agencies,
many joint projects have been developed. Some examples of such projects are
given later in this chapter.
Second United Nations Development Decade

The Sixth World Meteorological Congress in 1971 took note that meteorology, as a significant factor in economic development, was already contributing to the aims of the Second United Nations Development Decade and that
many of the measures adopted in the technical programmes of the Organization correspond to the goals laid down in the International Development
Strategy.
In a unanimous resolution, Congress stated that WMO should, within its
field of competence, continue to assume the full role allotted to it in the United
Nations Development Decade. It urged Members of WMO to take all necessary action at the national level to participate in these programmes, by undertaking a programme for the development of Meteorological Services with
certain specific objectives directly relating to an increase in the standard of
living of the people, such as:
(a) Drawing up national plans for the development of Meteorological
Services in co-ordination with all other related plans in the economic
and social fields;
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(b) Concentration of effort on the instruction and training of professional
and auxiliary personnel;
(c) Assignment of a greater proportion of national resources to improving Meteorological Services to the level required for economic
development.
In accordance with these directives the Secretary-General of WMO is
ready to put at the disposal of Members, if they so desire, such advice and
assistance as may, be required.
Collabora tion with UN Economic Commissions

Very fruitful collaboration has been developed between WMO and the

Economic Commissions of the United Nations.

For many years, WMO has been participating in the Water Resources
Survey of the Economic Commission for Latin America (ECLA). Countries
in Latin America which were visited by the ECLA water resources team have
been made aware of the meteorological and hydrological situation and of steps
required for improving their observational networks to provide the necessary
basic information for development projects such as construction of dams, establishment of hydro-electric power plants and irrigation schemes. The
recommendations made by the team were followed up by several large-scale
UNDP projects, examples of which have already been referred to in previous
chapters.
Similar joint efforts for water-resources development are being undertaken with the Economic Commission for Africa (ECA).
In Asia, WMO collaborates with the Economic Commission for Asia
and the Far East (ECAFE) in a number of projects including a particularly
important scheme for the mitigation of the serious losses of life and property
which typhoons cause in that region.
With each of these three commissions, a number of training seminars
have been jointly organized which greatly facilitated the establishment of
contacts and mutual understanding between meteorologists and responsible
persons in various fields in which meteorology can provide useful assistance
for the benefit of economy.
Joint civil aviation projects

In Baghdad (Iraq) a new international airport has been constructed and
UNDP assistance was requested during the critical period of transfer of operations from the old to the new airport.
In the People's Democratic Republic of Yemen, the efficient operation of
the Aden International Airport is of greatest importance to the country. Here,
runways, buildings and ground facilities were available, but there was a lack
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of advanced technical eqnipment and trained local staff, particularly for
positions of responsibility.
In both cases, UNDP approved projects for execution by the International Civil Aviation Organization (ICAO), in association with WMO. Expert
services and certain equipment are provided by both organizations. ICAO
assists in the operation of air traffic services, radio maintenance and station
operatio~1s while WMO concentrates on aeronautical meteorological services
and meteorological telecommunications. Both organizations also endeavour

to train the required national personnel in their respective fields.
Collaboration in agricultural projects

In agricultural projects close collaboration has been established between
FAO and WMO; in some cases UNESCO also participates.
For example, the three organizations FAO, UNESCO and WMO undertook three regional agroclimatological surveys- one in the Middle East, the
second in the semi-arid area south of the Sahara and the third in the east
African highlands. The purpose of these surveys was to establish the climatological potentialities for agricultural development. The results of these
surveys have been used in a number of individual follow-up projects undertaken by the one or the other of the three agencies mentioned above.
Another example is the regional UNDP project in Africa at present being
developed by FAO in collaboration with UNESCO and WMO. Its purpose
is to study the climatological requirements of new varieties of wheat. The
project covers five countries in different parts of Africa where experiments
with these new varieties are undertaken.

Yet another example is an agricultural project which, at the request of
twenty African governments, is being executed by FAO in association with
WMO. These countries are from time to time invaded by swarms of the
African migratory locust with tremendous resultant destruction of crops and
other damage which, in financial terms, may be measured in millions of dollars.
To reduce these losses, preventive control measures are taken by an interna~
tional organization particulady created for this purpose; the FAO project
supports these efforts through research work and supply of equipment.
Meteorology plays an important role in locust control, since the hatching
and the movement of swarms largely depend upon meteorological factors.
Some years ago, WMO investigated, in close collaboration with the AntiLocust Research Centre in London, the correlations between meteorology and
the desert locust through a technical assistance project in East Africa. The
results were usefully applied to intensify the fight against the desert locust. Now,
·WMO makes the acqnired knowledge and experience available to FAO by
collaborating in the abovecmentioned research project on the African migratory locust.

SOURC ES OF WMO ASSIST ANCE
The main components of the WMO Technical Co-operation Programme
are the United Nations Development Programme (UNDP) and the WMO
Voluntary Assistance Programme (VAP). As will be seen below, these two
programmes are essentially complementary in their nature. Every effort is made
to ensure full co-ordination and to avoid overlapping between them.
WMO assistance under the UNDP is, of course, subject to the general
rules and procedures of the UNDP; in particular it is the recipient governments
themselves which determine their priorities for development assistance required.
It is hoped that the information contained in this publication will assist governments in assessing the relevance of WMO projects to their development needs
so that appropriate requests may be incorporated in the UNDP programming
exercise.
The VAP on the other hand is operated under rules and procedures established by WMO; it is available for assistance in implementing the World Weather
Watch (WWW) plan and for the granting of long-term fellowships.* Certain
general criteria and priorities have been established by WMO for the selection
of projects, the implementation of which depends upon voluntary contributions
from Member countries. Such contributions are made in cash or in kind, mainly
in the latter.
Assistance and' advice in assessing the requirements and prep.aring requests
for assistance under UNDP and VAP are readily available at any time from the
WMO Secretariat upon request.
WMO participation in.the UNDP

For many years the UNDP has been the main resource of WMO to give
assistance to developing countries. Hitherto, this programme has had two
distinct components:
(i) UNDPfTA: Technical Assistance component (originally Expanded Programme of Technical Assistance (EPTA));
(ii) UNDPfSF: Special Fund component.
From 1972, however, these two components will be completely merged.
WMO has taken part in the EPTA from 1952 and in the Special Fund
from its inception in 1959. The following table shows the financial value of
the WMO assistance provided under the two components for selected years.

* An

explanation of
Assistance" ..

long~term

fellowships (LTF) is given in the section entitled "Types of
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WMO participation in UNDP
(in thousands of US dollars)

Year

1952
1960
1964
1968
1970

I

Technical Assistance
TA (EPTA)

23
443
1,403
1,734
1,536

I

Special Fund

SF

I

18
911
2,257
3,301

Total

23
461
2,314
3,991
4,837

The financial value of the assistance presently rendered by WMO corresponds to a share of between 2 'lz and 3 Y2 per cent of tbe over-all amount
of UNDP ass.istance.
The above figures not only demonstrate the growth of technical co-operation activities of WMO under the UNDP but also the increasing awareness
of developing countries of the relevance and usefulness of assistance projects
in this field for their development.
The WMO Voluntary Assistanc e Programm e (VAP)

In order to provide assistance to developing countries for the implementation of the WWW plan, the V AP was created by WMO and started its operation in 1968.
It is supported by voluntary contributions of WMO Members, which may
consist of

Equipment and services in kind: VAP ( ES), or
Financial contributions: VAP(F).
Under the VAP(ES), WMO provides requesting Members of WMO
with:
(a) Equipmen t and related services, and
(b) Long-term fellowships (LTF).*
The Financial contributions under VAP(F) are used for
(a) Implementing essential equipment projects for which no donations
in kind are received;
(b) Supplementing equipment projects for whiCh only partial contributions in kind are received;

*

See section "Types of assistance".
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(c) Paying or reimbursing under specified conditions certain expenditures
for renting facilities (e.g. telecommunication links or relay stations)
or providing essential services.

The estimated value of assistance provided in the first three years of operation of the VAP is shown below.
Assistance from the WMO V AP
(in thousands of US dollars)

LTF

Year

1968
1969
1970

132
300
445

From donations in kind
Equipment and
services
(estimated value)

I

1,250
2,000
2,900

Provided by WM 0
from financial
contributions

Total

1
186
556

1,383
2,486
3,901

The table shows that VAP has become an important element in WMO
Technical Co-operation activities, and in 1970 the scale of VAP activities was
approaching the magnitude of UNDP activities.
The Executive Committee emphasized that all Members of WMO would
ultimately find it possible to make contributions, even if small. It noted that
in the United Nations Development Programme almost all the recipient countries in fact also made financial contributions to UNDP. The Sixth World
Meteorological Congress which was held in Geneva in 1971 urged all Members ofW.MO to contribute to the maximum possible extent to this programme,
both in financial form and in equipment and services, with the aim of attain-

ing, during the period 1972-75, a programme of at least US $5.5 million
per annum.
Other sources of assistance

(a) Trust funds
WMO is operating several assistance projects under funds-in-trust arrangements; there are two basic types of such arrangements.

(i) Trust funds administered by UNDP

From time to time, the UNDP assumes responsibility for accepting and administering certain trust funds made available by a
sponsor or sponsors for the execution of specified programmes in

which W.MO may participate as appropriate.
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At present WMO is executing a development project under the
Fund for the Development of West Irian (FUNDWI) for the building up of initial meteorological services in West Irian (formerly
West New Guinea).
(ii) Funds-in-trust (FIT) arrangements between a recipient country and an
executing agency

Some governments are themselves prepared to pay the costs for
particular projects which they wish to have executed over and above
their normal UNDP programme; this is effected in each case under an
agreement established between the government and the executing
agency.
Several countries are availing themselves of this opportunity and
have requested WMO to carry out FIT projects at their expense. Detailed information on FIT arrangements may be obtained from the
WMO Secretariat.
(b) WMO regular budget

(i)

In view of the importance of training meteorological personnel from
developing countries at university level, provision is made in the

regular budget of WMO for the award of a number of long-term
fellowships. This allocation from the regular budget is normally
used in cases where requests for LTF cannot be satisfied from other
sources (YAP, UNDP). For the four-year period 1972-75 an amount
of about 400,000 US dollars is available in the budget for this purpose.
(ii) A former source of assistance which, although no longer available,
is mentioned in the interest of completeness. For development purposes not provided for from other sources of assistance, the WMO
Congress allocated 1.5 million US dollars in the regular budget and
established the New Development Fund (NDF) which became operational in 1964 and was concluded at the end of 1971.
More than two-thirds of the NDF was used for assisting countries in improving observational and telecommunication facilities as

well as for special training projects including the preparation of certain training material needed by developing countries, such as a
meteorological Problem Workbook and Compendia of lecture notes
for the training of personnel. The first LTFs awarded by WMO
were also financed from this source. Valuable assistance could thus
be given to a number of countries and experience gained with new

types of projects with relatively modest means. The NDF may be
considered in some ways as the precursor of the VAP.
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Over-all assistance provided by WMO

From the beginning of the WMO Technical Assistance activities in 1952
up to the end of 1970, assistance of a financial value of more than 37 million
US dollars was provided for the benefit of more than lOO developing coun·
tries; this figure does not include the counterpart contributions made by
the recipients.
In the year 1970, the value in financial terms of the assistance rendered
by WMO was more than 9 million US dollars (about 5 million US dollars
from external resources, mainly UNDP, and about 4 million US dollars from
WMO resources, mainly YAP). For comparison purposes it may be mentioned
that the regular budget of WMO in 1970 amounted to 3.4 million US dollars.

TYPES OF ASSISTANCE
It will be seen from the preceding pages that WMO is able to provide
assistance in various ways; this makes it possible to adapt closely such assistance
to the individual requirements of the requesting countries.

The assistance available may be classified under three broad headings:
Expert missions;

Fellowships;
Supply of equipment and related services.
Expert missions may be of an advisory nature, but experts may also be provided
to carry out temporarily operational and administrative services (OPAS
experts). As regards fellowships, these are available for enabling training to
be undertaken for varying periods; a particularly interesting feature is the "Longterm fellowship (LTF)", which enables the student to undertake a full university
course leading to a degree in meteorology.
Assistance may be given in the form of country projects (i.e. projects relating
to a single country) or inter-country projects (i.e. projects relating to groups of
countries on either a sub-regional, regional, inter-regional or global basis).
More detailed information on the forms of assistance available and the types
of projects now follows.
Forms of assistance

The right-hand column shows the programme(s) under which the particular form of assistance is available.

Experts may be appointed in order to:
(a) Carry out surveys of requirements;
(b) Advise on the development of national meteorological
and hydrological services; networks of meteorological
and hydrological stations; meteorological and hydrological instruments and their installation, maintenance
and operation;
(c) Serve as university professors or instructors at regional
or national training centres;
(d) Serve as consultants.
The requesting country is expected to provide suitable
counterparts with whom the expert collaborates and who will
eventually carry on his work. If there is a lack of qualified

UNDP
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local personnel, a national may be trained beforehand through
a fellowship to become qualified as counterpart for an international expert.
In addition, as part of a VAP equipment project, experts'
services may be provided for the formulation of equipment
specifications, the installation of the equipment and the training
of local staff in its maintenance and operation and in the use
of the meteorological information obtained.
OPAS experts may carry out temporarily, until a national
of the requesting country is able to do so, operational or administrative services- e.g., to serve as director of the national
Meteorological Service or chief of a division or aeronautical
forecaster at an airport, etc. An OPAS expert has the status
of an employee of the government to which he is assigned. The
government pays him the salary which a national in the same

YAP

UNDP

position would receive; in addition, he receives from WMO the

difference between this salary and that of an international
expert. Parallel to the mission of an OPAS expert, a national
should be trained to take over from the expert at an early date;
such training may require a fellowship or may be carried out
"on the job".
Associate experts may be made available by a few countries to work in association with and under the direct supervision
of designated experts. An associate expert is a well-trained
professional officer lacking only the experience and maturity
normally required to qualify for employment as a fully qualified
expert. All costs involved are usually provided by the government which makes the associate expert available.*

Special
arrangement

Fellowships may be awarded for:
(a) Formal training abroad as Class I meteorologist; train-

lJNDP

ing as Class II or Ill meteorological personnel at ,
a Regional Training Centre or at an appropriate
school in a foreign country; specialization in certain
fields- e.g., through courses as agrometeorologists,
radiosonde technicians, data-processing staff, etc.;

(b) Familiarization purposes through on-the-job training

in a highly developed service or institution or a factory abroad. Normally, this type of fellowship is

*

Distinct from the provision of associate experts is the programme of United Nations
Volunteers (UNV) in which WMO, however, does not participate so far.
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used to train staff members of Meteorological or H ydrological Services in various fields of specialization;
(c) Support to a YAP equipment project; frequently the
donor Member provides short-term fellowships for
staff of the recipient country in the operation and
maintenance of the equipment, and also in the use of
meteorological data obtained and in their applications.
Under all fellowships, the fellow receives an adequate
stipend; this is not a salary, but is intended to cover his expenses

YAP

abroad. If he is a civil servant, his parent government is re-

quired to continue to pay him an adequate salary and, in each
case, to obtain from the fellow the obligation to return to his
home country and to carry out, for a reasonable period of
years, the functions for which he was trained through the fellowship.
Long-term fellowships ( LTF) are available to cover complete academic studies; they were introduced by WMO to help
developing countries to obtain qualified university-level meteorologists. LTF may be awarded for:
(a) University studies leading to a degree of Bachelor of
Science (B.Sc.) or equivalent in meteorology;
(b) A post-graduate study programme leading to a certificate of meteorologist (Class I);
(c) Advanced studies leading to a Master's degree (or
equivalent) or a doctorate in meteorology.

YAP
WMO regular
budget
UNDP

In case there are no candidates available with sufficient

education to qualify for university entrance, short preparatory
courses including language training may be incorporated in the
LTF.
Equipment and supplies may be provided:
(a) In substantial amounts in the framework of large-scale
UNDP projects (previous SF-type)- e.g., for the
establishment of networks of observing stations or for
building up of institutions. Such equipment may consist not only of conventional meteorological and/or
hydrological instruments, but also of data-processing

UNDP

equipment, meteorological radars and various other

supplies necessary for the purpose of the project;
(b) In limited quantities for training and demonstration
purposes in connexion with appropriate expert missions.;

UNDP
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(c) In varying amounts, as may be required in each individual case, for the implementation of observing, telecommunications and data-processing facilities included
in the WWW plan. (For further details see pages

VAP

60-61.)
Types of project
I. UNDP projects
The symbols "C" for country projects and "r' for intercountry projects are used to denote whether the particular type
of project is available under one or both of these two categories.
The inter-country projects referred to below by the symbol
"r' may be on a sub-regional, regional or inter-regional basis.
Global projects represent a different type of inter-country activity; they are essentially research-oriented. If the SecretaryGeneral of WMO receives a proposal for a global project, he
will pursue it individually with appropriate expert bodies and
with the UNDP administration; global projects are therefore
not treated further below.
Large-scale projects (of the previous SF-type) for surveys
of natural resources (pre-investment projects) or for institution
building (training· and/or research institutes). Such projects
normally have a duration of 4 to 5 years; they may be followed
up, if necessary, by a "Phase II project". From the UNDP
allocation, WMO provides a project manager, a team of experts;
fellowships for the training of nationals, or fellowships for
students from other countries to be trained at t}J_e institution;
equipment and supplies which are not available in the country.
The recipient country(ies) provide substantive counterpart
contributions which may consist of counterparts to the experts
as well as other national personnel; land, buildings, installations,
local services; and limited financial contributions. For each
approved project, a plan of operation is established which lays
down the objectives to be achieved and the obligations of each
party (government, UNDP and WMO).
Small-scale projects (of the previous TA-type) may consist
of:
(a) Experts (individual or in groups);
(b) OPAS experts;
(c) Fellowships;
(d) Equipment and supplies, either in connexion with an
expert mission or, in exceptional cases, equipment
solely.

Cor I

Cor I

c
c
Cor I
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Specific regional or inter-regional projects, such as:
(a) Surveys by experts to assess requirements in fields such

I

as water-resources development, agriculture, telecommunications, training;

(b) Training seminars for the benefit of participants from
a number of developing countries (financial support
may be provided to participants, if necessary) to gain
familiarity with modern scientific and technological
developments. Some examples of seminar topics
which have taken place are: agricultural meteorology

I

in tropical areas; interpretation and use of meteorolo-

gical satellite data; hydrological forecasting; meteorology in the fight against desert locust; operation and
maintenance of meteorological telecommunications;

training of national instructors for meteorological
personnel;

(c) Other seminars (financial support may be provided
to participants from developing countries, if necessary).
Examples of topics which have taken place are: the
role of meteorology in economic development; observation networks and collection of observational data;

I

meteorological telecommunications arrangements.

II. VAP projects

· All VAP projects are awarded as country projects, but as
each is a contribution to the implementation of WWW, the
project may in fact be of national, regional or global significance. The types of project obtainable under VAP are described
below.
Equipment and supplies may be provided for operational
purposes such as:

Equipment for the Global Observing System (GOS)
Synoptic surface and upper-air stations;
Automatic Picture Transmission (APT) stations for direct
reception of meteorological information from satellites;
Background pollution stations
Equipment for the Global Telecommunication System ( GTS)
Radio transmitters and receivers;

C

61

TYPES OF ASSISTANCE

Facsimile equipment;
Telecommunications switching computers;

Teleprinter equipment;
Medium- and high-speed data-transmission equipment.
Equipment for the Global Data Processing System (GDPS)
Electronic computers for numerical weather prediction,
climatological and research purposes;
Facilities for storage and retrieval of meteorological information.
Consumable supplies (such as radiosondes, balloons, etc.)
may be provided under the YAP for the first or, at most, the
second year of operation. Thereafter the recipient country
is expected to assume full responsibility for continued operation.

Expert missions or short-term fellowships may be included
in equipment projects to assess requirements, to assist in the
installation and to make national staff familiar with operation
and maintenance.

C

Long-term fellowships (see description above under "Types
of assistance"). If a request for a LTF is received, WMO

C

endeavours to accommodate it, in the most suitable way, from

one of its resources (VAP, WMO Regular Budget, UNDP).

OUTLINE OF UNDP AND VAP
PROGRAMMING PROCEDURES
The provisions governing the U'\IDP are laid down in resolutions adopted
by the appropriate UN bodies 1 and in detailed procedures developed on this
basis by the UNDP administration; they are available in the offices of UNDP
Resident Representatives. An outline of the most essential procedures concerning
programming is given below.

The provisions governing the VAP are contained in Resolutions of the
WMO Congress and the Executive Committee.' The essential features are
outlined below. In addition, since the "Rules for the utilization of the WMO
Voluntary Assistance Programme (VAP)" may not be readily available to all
interested offices of developing countries, they are reproduced in full in Annex 2
to this publication.
A separate section is devoted below to WMO long-term fellowships (LTF)
since they may be awarded under different programmes.
Participation in the UNDP is open to any State Member of the United
Nations or member of a specialized agency or of the International Atomic Energy
Agency. Participation in the VAP is open to any Member of WMO.
The core of the UNDP principles is the concept of "country programming"
which is an integrated programming of UNDP assistance based on the national
development plan or, where such plan does not exist, on national development
priorities or objectives of the recipient country. It is therefore important to
identify in the national development plan items in which meteorology or operational hydrology * are involved. The first chapter of this publication shows that
such involvement may apply to many sectors of economic development. The
next step is to include in the country programme those UNDP projects in meteorology and operational hydrology which have been identified as constituting essential
elements of the over-all national development plan. The illustrative examples in
this publication may be helpful in this respect.
1 (a) United Nations General Assembly Resolution 2688(XXV)- December 1970: "The
capacity of the United Nations development system", in conjunction with: Official
Records of the Economic and Social CouncH, Forty~ninth Session, Supplement No. 6 A
(E/4884/Rev. 1), chapter V, Annex, paras. 1-67: "Consensus Approved by the Govern~
ing Council" (generally known as "the Consensus").
(b) The UN General Assembly is expected to approve in 1972 a "S~atute to govern the
activities of the United Nations Development Programme".
2 (a) WMO Congress Resolution 22(Cg-VJ): "The Voluntary Assistance Programme" (1971);
(b) WMO Executive Committee Resolution 4(EC-XXlll) with Annex: "Rules for the
Utilization of the WMO Voluntary Assistance Programme ( VAP )" (1971).
* For the definition of "operational hydrology" sec Annex 1.
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Inter-country projects should also be related to development priorities of
the participating countries. They may be requested by a group of countries
having a common objective or they may be developed for the benefit of one or
more regions. In the latter case, the WMO Regional Associations play an
important role in identifying topics requiring assistance through inter-country
projects such as regional training institutions or training seminars. Regional
surveys undertaken by WMO on such subjects as water-resources development,
training or telecommunications requirements may also be the origin for the
formulation of inter-country projects.
The VAP is devoted to purposes which, for one reason or another, cannot
be met under the UNDP and where there is no reasonable prospect of meeting
them by other means. WMO endeavours to co-ordinate the VAP to the greatest
possible extent with the UNDP; complete integration, however, is not feasible
since the VAP is governed by certain oveniding principles such as the implementation of the WWW plan. Priorities for VAP projects may therefore differ
from individual development priorities of recipient countries; moreover, the
possibility of long-term planning of VAP assistance in detail is limited by the
fact that it depends largely upon voluntary contributions in the form of equipment and services.
The Resident Representatives of the UNDP, who play a key role in UNDP
programming, are continuously kept informed of WMO plans, activities and
results with respect to VAP projects with the aim of ensuring maximum coordination.

Assistance from the UNDP
Country programming

Each government has the exclusive responsibility for formulating its
national development plan or development priorities and objectives. If a
country requires assistance in identifying the various meteorological or hydrological factors involved, WMO is ready to provide advice upon request.
Each government is also responsible in deciding for which of the above
objectives assistance sbould be sought from the UNDP or from other assistance programmes (including bilateral or multilateral aid).
In order to provide each country with information on the financial order
of magnitude within which UNDP assistance- on-going as well as new- can
be programmed in advance, the UNDP issues Indicative Planning Figures
(IPF) for periods of 5 years ahead. The first series of figures covers the period
1 January 1972 to 31 December 1976. Each year, UNDP issues revised IPFe.g., for I January 1973 to 31 December 1977; 1 January 1974 to 31 December 1978 and so on.
Within the limits of the TPF, the country establishes, with the help of the
Resident Representative and, as appropriate, representatives of the agencies,
its Country Programme of UNDP assistance. The government may choose
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either a 3-year, 4-year or 5-year programme period which should coincide,
where appropriate, with the period of its national development plan.
If a government is not yet ready to prepare a country programme to
become effective on I January 1972, it may delay its submission for one, two,
or at most three years; during the transitional period it may continue to submit
requests for UNDP assistance in the form of individual project proposals.
The country programming exercise will consist of a series of consultations
leading up to the preparation of a Country Programme Document which will
be submitted by the government through the Resident Representative to the
Administrator of the UNDP. It will be reviewed annually; in the final year of
the approved programme, the preparation of the next country programme
will take place.
The Resident Representative of UNDP will play a key role in advising
the government on the establishment of its country programme. He will take
into account eich agency's co-ordinated views on the country's sectoral and
inter-sectoral problems and possibilities of development. In the case ofWMO,
these statements will be based primarily on an exchange of views between the
Permanent Representative of the country with WMO (who would normally be
the Director of the Meteorological Service) and the Secretary-General. WMO
will also make available to the Resident Representative the results of any
general or regional studies which may be useful for the formulation of the
country programme.
The organization of the programming exercise may vary from country

to country. If the government or the Resident Representative wishes to obtain programming assistance through a WMO mission, the Organization is

ready to make available appropriate officers including its Regional Representatives for Africa or Latin America. Local WMO experts may also be helpful
in some cases.

The Country Programme Document will contain a brief statement of current over-all development objectives and priorities of the country as well as a
description of sectoral needs proposed to be met with UNDP assistance including at least a preliminary list of individual projects.
Pending the elaboration by UNDP of definitive instructions, the sectoral
break-down will tentatively be along the following lines:
(a) Physical resources (agriculture, forests, fisheries, water, minerals);
(b) Industry;
(c) Trade, commerce and tourism;
(d) Infrastructure (general and regional development planning, public

administration and technical services, public ,utilities, housing, building and physical planning); and
(e) Human resources (population, education and training, manpower
policy, health, social welfare).
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As may be seen, the sectors correspond to various fields of economy. Since
meteorology and operational hydrology may be involved in any or all of these
fields in ways which may not always be evident at first sight, it is important
to examine carefully under each sector whether in fact assistance projects in
meteorology and operational hydrology are necessary.
The Resident Representative will evidently have a particularly important role to play in this connexion especially in identifying relevant projects in
the highly specialized fields with which organizations such as WMO deal. To
this end the Administrator of the UNDP has asked each Resident Representative to maintain, with the help of the organizations concerned, adequate
understanding of the relevance of these fields of activity to economic and social
development in general and to the individual country in particular. He will
also keep himself informed of the various kinds of international assistance
available.
Country programmes have to be approved by the Governing Council of
the UNDP. Authority for approval of projects within the framework of the
approved country programme has been delegated to:
(a) The Administrator of the UNDP who may, however, submit to the
Council any project which, because of its policy implications or
because of the magnitude of its impact on the country programme as
a whole, deserves the Council's consideration and approval. The
Council and the requesting government also have the right to request
submission of particular projects to the Council;
(b) The Resident Representatives for all types ofproject within country
programmes up to a value of 100,000 US dollars for their duration,
provided that they do not involve special policy questions or have
obvious implications for large-scale follow-up assistance by the UNDP
or for follow-up investment.
An annual review of the Country Programme will be carried out by the
Government in co-operation with the Resident Representative and representatives of the organizations of the UN system, as required. Its purpose will
be mainly:
To examine the progress of the programme as a whole;
To determine the validity of on-going activities;
To specify in greater detail, or modify if need be, future projects listed, in
a preliminary way, in the country programme;
To incorporate new project proposals; and
To consider any question of follow-up on completed projects.
Finally, it should be mentioned that outside the Indicative PlanningFigures,theAdmin istratorofthe UNDP disposes of a Programme Reserve which
is established annually as from 1 January 1972 at a figure of 9 million US
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dollars to meet requirements such as the needs of the least developed .among
developing countries or any unforeseen needs.
The Resident Representatives of the UNDP will be able to advise, in
more detail, on all aspects of country programming in the country concerned.
One particular aspect of programming which should be mentioned is in
reference to Resolution 2555 (XXIV) of the General Assembly of the United
Nations which requested participating organizations to provide assistance for
the training of refugees from colonial territories. In response to this resolution, the Secretary-General of WMO offered his co-operation to the UN High
Commissioner for Refugees, who has provision in his resources for fellowships
to refugees which could be made available upon request by the host country.
The WMO Congress considered that the countries concerned should also
include in their country programmes under the UNDP provision for such
assistance; e.g., fellowships. Moreover, WMO long-term fellowships could be
made available for the training of refugees as meteorologists under the procedures described on pages 70-71.
Inter-country programming

The net resources available for the UNDP field programme will be apportioned in a ratio of not less than 82 per cent for country programming (see
above) and not more than 18 per cent for inter-country programming. Ninety
percent of the amount of funds available for regional and inter-regional programming over a period of five years will be divided into five· notional planning
figures: one for each of the four regions indicated below and one for interregional projects. The remaining 10 per cent will be retained by the administrator as a planning reserve.
The four geographical areas are:
Africa,
The Americas,

Asia and the Far East,
Europe, Mediterranean and the Middle East.
Subject to further review by the Governing Council in 1972, the countries
in Mrica bordering the Mediterranean are included in the geographical area
for Europe, Mediterranean and the Middle East. It may be noted that the
above geographical areas are not congruent with the regional associations of
WMO, but this is not normally a complicating factor. Projects covering more
than one UNDP region will normally be considered as inter-regional. In special
circumstances, however, if a request endorsed by the majority of governments
from one region has also the official support of a few governments from outside
the region, the UNDP may classify it as regional.
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A sub-region is an area within a region comprising two or more countries

which are geographically contiguous or are members of a political, economic
or ecological grouping within a region.
Any type of project that qualifies for UNDP assistance can be formulated
on a sub-regional, regional or inter-regional basis. Types of project in the
field of WMO may be:
(a) Multi-country resources surveys, including water-resources development- surveys;
(b) Multi-country institutions- i.e., institutions located or having headquarters in one country, but serving two or more countries;
(c) Regional and inter-regional advisers;
(d) Regional and inter-regional seminars, training courses and working
groups of experts.

Inter-country programming will be systematically related to the development priorities of the countries concerned; projects may have a duration of
from one year or less to five years.

Project requests may result from the initiative of the countries themselves, WMO, established intergovernmental bodies, or the UNDP itself.
If a group of countries intends to request a sub-regional or regional project of common interest, WMO offers its assistance in the co-ordination of
views and in the formulation of the request.

The UNDP expects the Executing Agencies to play a major role in the
process of helping countries to identify and formulate new regional and interregional requests. In the case ofWMO, tlus is mainly done through the WMO
Regional Associations; during each session of a Regional Association the
requirements for such projects for several years in advance are discussed and
resolutions adopted accordingly. Between sessions, project proposals may be
formulated by correspondence.
Project proposals may also be developed jointly between WMO and a
UN Economic Commission or between WMO and another agency.
However, any resolutions adopted in this respect by inter-governmental
bodies will be considered by the UNDP as added evidence of the interest of
the governments concerned; a request will be considered" official" only when
it has been elaborated and endorsed by at least two countries, always including
the host. To be considered for approval, a project requires final endorsement
by at least half of the intended participating countries.
WMO will keep the Resident Representatives informed of any proposals
for regional or inter-regional projects developed in one of the ways indicated
above; WMO representatives will be available for consultations and assistance
in project formulation. Resident Representatives will play a co-ordinating
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role similar to their role in country programming; they will communicate,
when appropriate, directly with each other.
Regional and inter-regional activities will be based on the resources available under the five-year inter-country indicative planning figures and will be
programmed by the UNDP on the basis of a "rolling plan" to be up-dated
each year. The review of on-going and the programming of new inter-country
projects will therefore be an annual exercise.
Requests may be submitted during the course of the year as and when
they are ready. Any request eliminated by UNDP due to lack of sufficient
endorsements may be reconsidered at the following year's programming exercise if it gains additional support during the course of the year. In exceptional
cases, strongly supported regional and inter-regional project requests of high
priority may be processed by the UNDP for approval at any time during the
year, subject to the availability of resources.

Assistance from the VAP
According to the "Rules for the utilization of the WMO Voluntary Assistance Programme" (see Aimex 2), the VAP will be used to implement projects, or undertake activities designed to assist in the implementation of the
WWW Plan approved by the Congress of the Organization. The VAP will
also be available for granting long-term fellowships. (For further details see
pages 52-54 and 60-61.)
At least once a year, the Secretary-General of WMO sends out to all
Members a questionnaire requesting them to report on the status of and their
plans for implementation of the WWW plan. Before sending out the questionnaire, the WMO Secretariat enters in each questionnaire those WWW
projects which require implementation under the WWW plan and which fall
within the territory of the recipient country in question. In its reply the country
is requested to indicate, project by project, the anticipated year of commencement and completion, and the method whereby implementation is planned.
The methods are:
National meteorological programmes,
Bilateral or multilateral programmes of meteorological assistance,
United Nations Development Programme,
Voluntary Assistance Programme.

The VAP shall not compete with or take the place of other means and
resources available for assisting in the implementation of the WWW plan;
accordingly it should be regarded as being a supplement to the other programmes and activities mentioned above.

Sometimes combined projects may be developed; e.g., supply of equipment under the VAP, combined with an expert or fellowship programme
under the UNDP.
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Requests for VAP assistance may be submitted to the Secretary-General
of WMO either while answering the above-mentioned questionnaire or at any
time in between.
For each project request a form with the following headings has to be
submitted:
Title of project
Purpose and description of project
Reason why other source of assistance cannot be expected
Explanation of how project comes under the over-all WWW implementation programme and particularly its regional significance
Nature and scope of national contribution to project
Estimated cost of project and of proposed VAP contribution with detailed
break-down to show the cost of each item
Degree of urgency with reasons
Any other relevant information.
The request shall be signed by a person authorized to sign on behalf of
the government.
If the requesting country has difficulties in determining the technical specifications of a project, WMO is ready to assist upon request.
Each project request received in the WMO Secretariat is promptly
studied in accordance with an established internal procedure and if the request
complies with the criteria established for VAP assistance it will be "approved
for circulation" to all Members of the Organization. Those Member countries
which are able and willing to contribute to this programme are invited to
notify the Secretary-General which of the circulated projects they can support
in whole or in part by providing equipment or services. Sometimes, however,
Members also offer donations in kind without relation to a specific project.
Although most of the contributions made by donor countries to the VAP
are in the form of equipment and services, financial contributions are also
invited and are credited to a special fund- the Voluntary Assistance Fund.
This fund is also available for the implementation of VAP projects but its
resources are very limited and only a few high-priority projects can be supported in this way.
In s0 me cases the necessary equipment for implementation of a project
may be provided by more than one country. In addition, a donation in the
form of equipment may be supplemented by a financial contribution in cases
of high-priority projects. The co-ordination of inputs from various sources
sometimes requires that special technical studies be carried out by the WMO
Secretariat in full collaboration, of com·se, with representatiVes of donor and
recipient countries.
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When all the detailed arrangements have been made for any project with
the recipient and the donor(s), then the project is "authorized for implementation". An agreement on implementation procedures is concluded which defines
the responsibilities of WMO and the recipient and donor countries. The
recipient government is normally expected to accept an obligation to operate
the facility established with VAP assistance for a specified number of years
and to report to WMO annually on its' operation.
Resident Representatives of the UNDP are kept informed of all such
projects in their respective countries and are frequently requested to give
certain assistance to YAP projects -for instance, by facilitating the importa'
lion, free of customs duty, of equipment made available for a YAP project.

Long-Term Fellowships (L TF)
LTF were introduced by WMO to assist developing countries in obtaining
a sufficient number of university-trained meteorologists. Categories of LTF
are explained on pages 58-59.
Awards may be made by WMO from the following resources:
(1) An offer made by a Member in response to an individual fellowship
request received by WMO under the YAP;
(2) An offer of a Member made to WMO under the VAP without relation to a specific request;

(3) The regular budget of WMO;
(4) In certain circumstances, the UNDP.
Some offers of LTF under the YAP include preparatory courses and language training in the language of tuition.
If a Member ofWMO makes LTF available according to (1) or (2) above,
the training of the fellow normally takes place in the donor country. Members
have, however, been asked to consider also the possibility of offering such
fellowships for candidates to be trained in a training centre or university in
their own region since there are many advantages in training students from
developing

co~1ntries

in their own meteorological and social environment.

At least once a year, the Secretary-General of WMO issues a circular
letter to Permanent Representatives with a copy to the Resident Representatives
of tbe UNDP, informing Members of actual possibilities for awarding LTF
and inviting them to submit requests within these possibilities, as they may
require. Since the YAP is the main source for LTF, it is recommended in
each case that a "Request Form for Assistance under the YAP" be completed.
If it subsequently becomes evident that implementation under the VAP is not
possible other possible sources are automatically examined. Any UNDP
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fellowships required, however, should be included in the normal UNDP
country-programme. A group of countries may request a regional UNDP
project for providing them with the required number of fellowships.
LTF requests may be submitted either in response to the circular letters
mentioned .above or at any time in between. As mentioned on page 66,
LTF are also available to refugees from colonial territories if the host country
makes an appropriate request.
In addition to the submission of the VAP request form to the WMO
Secretariat, a WMO Fellowship Nomination Form, duly completed, should
whenever possible be submitted at the same time, in triplicate; copies of these
forms are normally available in the Office of the UNDP Resident Representatives or may be obtained from the WMO Secretariat. It should be mentioned
that some donor Members make LTF under the VAP available only after
full particulars of the candidates are submitted to them by WMO.
Nomination forms should be signed by the fellowship candidate and by
an authorized government official (normally the Permanent Representative)
and should include an official recommendation by the national selecting authority. They should be accompanied by the following duly certified documents:
(a) The WMO blue medical certificate and a full-size chest X-ray;
(b) A language certificate, if required, for the proposed host country;
(c) Complete secondary-school education certificates including all subjects studied and marks obtained;
(d) Any diplomas already obtained;
(e) University records, if any.
In order to ensure full co-ordination with the UNDP, the WMO Nomination Form for all kinds of LTF should be submitted to WMO through the
office of the Resident Representative.
If the necessary prerequisites are fulfilled, WMO submits them through
the authorities of prospective host countries to appropriate universities for
acceptance. Since consideration of applications by universities sometimes
takes rather a long time, early submission of nominations to WMO is essential.
If the candidate is accepted, an implementation proposal will be made by
WMO to the nominating country which will be informed whether implementation is envisaged under the VAP, the WMO regular budget or the UNDP. If
the parent country accepts this proposal an agreement is concluded outlining
the responsibilities of the recipient country, ofWMO and, if applicable, of the
donor country. This includes information on the stipend offered and on other
facilities provided such as travel, book allowance, etc.
The recipient country is expected to certify that the fellow has accepted
an obligation to return for a specified nnmber of years to the service of his
parent country after completion of his studies.

HOW TO OBTAIN WMO ASSISTANCE
For the convenience of interested countries, the principal steps to be taken
for obtaining WMO assistance are summarized below. These steps are described
for requests for assistance under the UNDP and the VAP respectively. As in
the previous chapter, a sepat·ate section is added dealing with applications for
long-term fellowships since they may be awarded under different programmes.
No mention is made of any internal procedures to be followed since they
may vary from country to country. In each case, the Resident Representative
of the UNDP, in his capacity as the principal adviser to the government on
country programming, will be able to advise and assist, as necessary. Moreover,
advice from the WMO Secretariat may be obtained any time on all questions
relating to prospective projects in the field of WMO.
I.

United Nations Development Programme (UNDP)

(a) Country programmes
(1) As a first step, meteorological and hydrological aspects should be identified and incorporated when the National Development Plan of the
country is formulated (see pages 63-66).
(2) As the next step, the need for UNDP assistance in the fields of meteorology and operational hydrology, including training of personnel, should
be determined and projects incorporated in the country programme as
appropriate (see page 63). If it is not possible to identify the assistance required for the whole period of the country programme, at least
provisional information should be included on projects which may be
required during this period.
(3) During the annual review of the country programme, consideration
should be given to any necessary modification or extension of approved projects or to the formulation of new projects, as necessary
(see page 65).
(4) In case of unforeseen requirements, projects may be formulated any
time and, if there are sufficiently strong reasons, approval may be
sought from the Programme Reserve of the UNDP Administrator
(see pages 66).
(b) Inter-country programmes
(1) If the need arises for a project to be carried out for the benefit of
more than one country, as a first step, consultations should take place
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(2)

(3)

(4)

(5)
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between the interested countries, if necessary, with the help of the
WMO Secretariat (see page 67).
Proposals for projects to be carried out for the benefit of a whole
WMO Region or more than one Region - such as regional surveys training seminars, etc., should first be handled, with the help of the
WMO Secretariat, through the Regional Association(s) concerned,
either at a session of the Association or, in between sessions, by correspondence (see page 67).
Each session of a WMO Regional Association will establish for
several years in advance a list of projects of regional interest and will
adopt appropriate resolutions requesting its Members to incorporate
these projects in their inter-country project requests to the UNDP
(see page 67).
As and when a request for inter-country assistance has been identified, at least two governments including the host should submit it to
the UNDP through the Resident Representative (see pages 67-68).
When the UNDP circulates information on official requests considered
for inclusion in the inter-country programme, each government should
formally endorse those projects in which it is interested (see page 67).

WMO Voluntary Assistance Programme (VAP)

(1) Members of WMO should indicate, in response to the questionnaire
on implementation of the WWW, sent out at least once a year by the
Secretary-General, with respect to each project included therein, the
anticipated years of commencement and completion and the method
whereby implementation is planned (see pages 68-69).
(2) If there is a need for assistance under the VAP, a project request
should be formulated and an official VAP request form be sent to the
Secretary-General of WMO accordingly (see pages 68-69).
(3) Project requests may be submitted either in connexion with the return
of the questionnaire mentioned under (1) above, or at any time, as
necessary.

(4) Resident Representatives of the UNDP should be kept fully informed
of auy request made under the VAP.
Ill. Long-term fellowships (L TF)

(1) Members in need of LTF for university-training of national personnel
(see pages 70-71) should submit their request to the Secretary-General
of WMO, either in response to the questionnaire on LTF sent out by
him at least once a year, or at any time in between.
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(2) If the country wishes to have a LTF executed under its UNDP country
programme, it should include therein an appropriate project.
(3) WMO has several resources at its disposal for the award of LTF (see
page 70), one of them being the VAP. Since projects under the latter
programme can only be considered on the basis of an official request
(see pages 68-69), it is ad1isable to submit in any case a VAP project
request form.
(4) To facilitate and accelerate processing of LTF requests, it is highly
recommended that fellowship nomination forms (see pages 68-69) be
submitted to the WMO Secretariat together with the request or as
·
soon as possible thereafter.
by the national selecting
endorsed
(5) Each nomination for a LTF should be
of the UNDP Resident
office
the
authority and be submitted through
(see page
documentation
necessary
the
Representative, together with
71).

ANNEX I

DEFINITION OF THE TERM
"OPERATIONAL HYDROLOGY"
(Annex to Resolution 12 (Cg-VI) "WMO Programme in Operational
Hydrology"- Aprill971)
The definition of the term "operational hydrology" shall be:
"(a) Measurement of basic hydrological elements from networks of meteorological

and hydrological stations; collection, transmission, processing, storage, retrieval
and publication of basic hydrological data;
"(b) Hydrological forecasting;
"(c) Development and improvement of relevant methods, procedm·es and techniques
in:
(i)

Network design

(ii) Specification of instruments

(iii)
(iv)
(v)
(vi)

Standardization of instruments and methods of observation
Data-transmission and processing
Supply of meteorological and hydrological data for design purposes
Hydrological forecasting.''

The role of WMO in promoting international co-operation in "operational
hydrology", as defined above, pertains in varying degrees to the following elements: *
Precipitation
Snow cover
Evaporation from lakes, river basins and reservoirs
Temperature and ice regime of rivers, Jakes and reservoirs
Water level of rivers, lakes, reservoirs and estuaries
Water discharge of rivers
Sediment discharge of rivers
Soil moisture and depth of soil frost
Quality of water
Ground water.

* The activities of WMO in operational hydrology with regard to soil moisture, water
quality and groundwater should be pursued in consultation and agreement with other
organizations of the UN family and taking into full account the on-going programme of the
International Hydrological Decade.

ANNEX 2

RULES FOR THE UTILIZATION OF THE
WMO VOLUNTARY ASSISTANCE PROGRAMME (VAP)
(Annex to Resolution 4 (EC-XXIII)- May 1971)
Terminology

1. The programme shall be known as the WMO Voluntary Assistance Programme
(YAP). It shall consist of two components:
(a) The Voluntary Assistance Fund (YAP (F));
(b) The Equipment and Services Programme (YAP (ES)).
Source of revenue and resources

2. The VAP shall be established and maintained by voluntary contributions received
from Members for the purpose of meeting officially notified requests for assistance
in implementing the World Weather Watch (WWW) plan and granting long-term
fellowships. Contributions may take the form of financial payments in any currency
which can be readily used for the YAP and/or donations of equipment and services.
In the latter case, donations shall only be acceptable upon the signing of an agreement
between the donor country and the World Meteorological Organization which shall
specify the details of the arrangements for the transfer of the equipment and which
shall, inter alia, include a formal statement of the transfer of the title of the equipment to WMO.
3. In respect of financial contributions the Secretary-General shall invite Members
once every year to notify him as early as possible of the amount and the currency
of financial contributions which they wish to pledge for the next calendar year together
with a preliminary indication as to the amounts and currency of financial contributions which they intend to make available in subsequent calendar years.
4. The Secretary-General shall annually or more frequently, at his discretion,
circulate to Members a list of projects for which equipment or services are needed.
These lists shall be based upon officially notified requests for equipment received
from Members.
Administration of the VAP

5.

The VAP shall be administered by the Secretary-General in accordance with:
(a) The provision of the present rules regarding its utilization;
(b) The Financial Regulations of the Organization, except as otherwise pro ..
vided for in these rules as a trust fund;
(c) Any supplementary directives or interpretations of these rules and regulations that may be decided upon by the Executive Committee.
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6. Costs involved in the management of YAP should be kept to a minimum and
should be met from the appropriate allocation in the Regular Budget together with
allocations from VAP (F), as necessary, but not exceeding 10 per cent of YAP (F).
Purpose of the VAP

7. The YAP shall be used to implement projects, or activities designed to implement
or assist in the implementation of the WWW plan approved by Congress and for
granting long-term fellowships. It shall not compete with or replace other means and
resources available for assisting in the implementation of the WWW plan. Accordingly the VAP should be regarded as being a supplement to the following programmes
and activities, upon which the full implementation of the WWW plan must for the
main part inevitably depend:
(a) National meteorological prograrr:.rnes;
(b) Bilateral or multilateral programmes of meteorological assistance;
(c) United Nations Development Programme.
Approval for utilization of the VAP

8. Authority to approve ntilization of the YAP (F) and YAP (ES) shall be vested
in the Executive Committee, which shall exercise such authority by approving individual projects. In approving each project the Executive Committee shall specify
clearly the technical aim of the project, the manner and period of its implementation
and, in the case of projects to be implemented under the VAP (F), the amount and
currency authorized for this purpose.
9. The Executive Committee shall have the right to amend any previously approved
project prior to its completion as it considers necessary in the light of changing
circumstances.
Criteria for approved projects

10. All approved projects shall satisfy the following criteria:
(a) The Executive Committee shall be satisfied that the project cannot be·
implemented under the UNDP and that there is no reasonable prospect
of its being met by miy of the other means specified in paragraph 7 above;
(b) The Executive Committee shall be satisfied that there is a reasonable prospect that at the end of the project the benefits will be lasting or the services
installed wm be maintained;
(c) The Executive Committee shall be satisfied that the project constitutes an
essential or important feature of the over-all WMO WWW plan;
(d) The recipient Member (or Members) shall in all cases have signified agreement to the project and to any necessary counterpart action or contribution on its (or their) part;
(e) In the case of long-term fellowships the Secretary-General shall be satisfied
that candidates are adequately qualified and that they intend to remain in
the service of meteorology for a reasonable period.
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Fields of assistance

11. The fields of assistance which may be covered by the VAP include ail activities
compatible with the implementation of the WWW plan as approved by Congress,
and also longwterm fellowships.

Types of assistance
12. Assistance provided from the YAP may consist of any of the following taking
into account the provisions of paragraphs 7-10 above:
(a) Expert services;
(b) Equipment;
(c) Long-term fellowships;
(d) If (a)-(c) are not appropriate, financial aid under specified conditions for
installation and/or operation of meteorological stations or telecommuni~
cation facilities.
Formulation and approval of projects

13. All projects shall be based upon official requests for assistance received from
Members of WMO. Each request will specify the following details:
(a) Purpose and description of the project;
(b) The reason why other sources of assistance cannot be expected;
(c) An explanation of how the project fits into the over-all WWW implementation programme and particularly its regional significance;
(d) The nature and scope of the national contribution to the project;
(e) The duration of the project.

14. A list of "proposed" projects will be submitted by the Secretary-General to the
Executive Committee,* which will establish a list of ''approved'' projects. This list
will then be circulated by the Secretary-General with a minimum of delay to all
Members requesting each to notify him for which of the approved projects they are
prepared to provide the equipment and related services.
15. In the light of the offers received from Members the Secretary-General will
submit to the Executive Committee * the proposed VAP projects giving full information on which of these projects can be implemented from the offers of equipment and
services made by Members and which will require for implementation financing from
the YAP (F). The Executive Committee* shall then establish a list of projects
authorized for implementation either by means of the offers from Members for
equipment and services (VAP (ES)), or financing from the YAP (F). In particular,
when more than one offer is received for the same project, the Executive Committee,*
in consultation with the 'countries concerned, shall decide which shall be accepted.
16. The Secretary-General will periodicalJy notify all Members of the Organization
of the projects authorized for implementation through VAP.

* The Executive Committee may delegate its authority to any panel or group it may wish to
establish for this purpose.
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17. Before implementation of any approved project begins the Secretary-General
shall negotiate appropriate agreements between the countries concerned and the
Organization. These agreements may take the form of exchange of letters.
Principles of the agreement

18. The following principles shall be incorporated in the agreements between WMO
and the Members donating equipment and services:
(1) Each agreement shall relate to and be consistent with a project within the
VAP which has been approved by the Executive Committee.
(2) The agreement shall be signed by a person designated by the Minister of
Foreign Affairs of the donor government on the one hand and the SecretaryGeneral of WMO on the other,
(3) The agreement shall specify in detail the equipment and services to be
rendered by the donor government.
(4) The agreement shall specify clearly that the equipment in question is donated
to the Organization, the transfer of title to be effective at a time and place
specified.
(5) Notwithstanding principle (4), the agreement may and shall normally
include arrangements for the transportation of equipment to the recipient
country and its installation in that country. As far as possible the costs
involved shall be met by the donor or the recipient country.
19. The following principles shall be incorporated in the agreements between WMO
and the Members receiving cash, equipment or services under the VAP:
(1) Each agreement shall relate to and be consistent with a project within the
VAP which has been approved by the Executive Committee.
(2) The agreement shall be signed by a person designated by the Minister of
Foreign Affairs of the recipient government on the one hand and the
Secretary-General of WM 0 on the other.
(3) The agreement shall specify in detail the equipment which the Organization
shall transfer to the recipient government and the services which shall be
rendered by the Organization or its authorized agent.
The authorized agent may be the donor country.
(4) In the case of projects which involve a contribution in cash to a Member
the agreement shall specify the items for which the cash contribution will
be used and shall lay down procedures for the financial accounts to be
submitted by the receiving Member.
(5) The agreement shall specify in detail the cmmterpart responsibilities accepted
by the recipient government in respect of the installation and subsequent
operation of the equipment.
(6) The agreement shall specify the conditions for the transfer of the title of
equipment from the Organization to the recipient government.
(7) The agreement will also specify the reports to be submitted by a Member
to the Secretary-General during and after the termination of the projects.
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Implementation of projects

20. Upon the signing of the agreements referred to in paragraph 17 implementation
of the projects shall commence with a minimum of delay. The Secretary~General
shall keep the projects under constant review and take all possible steps to ensure
that unforeseen difficulties are removed and the prescribed rate of progress in implementation is maintained in each case,
21. The Secretary-General shall submit a progress report on each project to each
session of the Executive Comrriittee.
22. The Executive Committee shall submit a report to the Seventh World Meteorological Congress on the projects approved and an evaluation of their results. The
Secretary-General shall submit an over-all financial statement on the Voluntary
Assistance Programme to Seventh Congress.
Review of these rules

23. These rules can be amended by the Executive Committee as necessary to ensure
an efficient management of the Voluntary Assistance Programme.
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