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Introduction
Among the major problems confronting humanity as we enter the last
two decades of the twentieth century, that of climatic change and
variability looms ever larger. The study of climate is not new. Indeed,
when the International Meteorological Organization (IMO) was
created a century ago one of the major concerns of this predecessor of
the World Meteorological Organization (WMO) was the acquisition
of information on climate, that is, the study of weather conditions of a
region averaged over a period of time. WMO inherited from IMO this
same concern.
Thus for many years the study of climate progressed steadily and the
acquired knowledge was applied in many practical ways. During the
late 1960s and 1970s, however, it became clear that something
more—something much more—needed to be done. A series of
events moved climatic studies into the forefront of human affairs.
Crises in world food supplies, the widespread suffering in the Sahel
region of Africa during the drought of 1968 to 1973, and many other
social and environmental problems served to focus attention on
climatic factors. The world community was thus made aware of the
dire and disruptive effects of such weather and climate-related
events. It became clear that a world with an ever-growing population
and demand for food and other resources was increasingly vulnerable
to both short-term climate variations and long-term climate
change.
Accompanying this growing awareness of mankind's vulnerability to
climate is a new concern that our own acts may be altering the climate
on an increasing scale. The contribution of fossil-fuel consumption to
rising levels of carbon dioxide in the atmosphere, with its potential to
cause a global warming, is one problem where fears appear to be
justified.
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Herd of cattle decimated by
drought near a dried lake
in Senegal, 1973
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As a result of these developments, the international community now
perceives a need for world action to combat the impact of adverse
climatic events. There is also a new appreciation that climate is a
resource which, used wisely, can contribute much to social and
economic well-being. Fortunately, all concerned have shown that
they can and must work together. This was demonstrated by the
World Climate Conference, organized by WMO in Geneva in
February 1979. This carefully prepared meeting brought together
400 specialists, including many of the world's outstanding climatologists, as well as experts and administrators in such climate-sensitive
fields as agriculture, water resources, human health, town planning
and environmental problems. Their deliberations and their final
Declaration enabled administrators and decision-makers as well as a
concerned public to see more clearly the important climatic factors
that affect society, and the concerted action required by all responsible people for dealing with them. This clarification of a previously
diffuse and complex subject greatly facilitated the work of the Eighth
Congress of WMO, which met in Geneva in April and May 1979. This
world parliament of the international meteorological community was
then able to design and launch a new and unprecedented World
Climate Programme.
The effort now being made by the nations of the world to implement
this important endeavour will be described later in this booklet. It is
worth noting, however, that such an ambitious undertaking could
hardly have been contemplated without the background knowledge
and experience accumulated during WMO's long and successful
history of effective international co-operation.
Thus, unlike Minerva who sprang to life as a fully formed adult from
the head of her father Jupiter, the World Climate Programme has a
long gestatory history. Before considering the way in which WMO,
with the help of the United Nations Environment Programme
(UNEP) and the International Council of Scientific Unions (ICSU),
and indeed the whole international community, is addressing itself to
the problem of implementing the World Climate Programme, a brief
review is appropriate. The next chapter reviews the vast chronicle of
global climatic change and the techniques now used by scientists in
this field. This is followed by a look at the vulnerability of modern
society to climatic variations and the susceptibility of climate itself to
modern society ; from these the need for a World Climate Programme
emerges, and the main features of the programme as it is now
approved are described.
That the nations of the world are being made aware of the need for a
new effort in the field of climate is encouraging and reassuring; the
credit for stimulating that awareness must be given to the atmospheric scientists and technologists. For they made the important and
highly original contribution of viewing world events through a
climatic prism.

Global climatic change in history
The question might quite properly be posed : why concern ourselves
today with global climatic history? While in many fields of historical
studies the answer to such a question might be of a purely academic
character, in this case there is very practical justification. The more
we know of what has happened to climate in the past, the more
indication we have of what Nature has in store for the future.
Writing for the World Climate Conference, Professor F. Kenneth
Hare of Canada and Academician I.P. Gerasimov of the U.S.S.R.
have reviewed the Earth's climate during the Quarternary Period
(the past two million years). Their reviews show that during this
period the world has passed through a series of ice ages with warmer
interglacial periods between. Most scientists agree that in the last
450 000 years there have been five such interglacial periods. The last
interglacial, the one in which modern civilization developed and in
which we are now living, is already 10 000 years old.
The evidence regarding the conditions that prevailed during these
great climatic changes of the past two million years shows that they
created stress among living things. The forests, grasslands and animal
populations have repeatedly been forced to migrate as the glaciers
waxed and waned. There have been changes as well in the deserts of
the sub-tropics. Only the equatorial environments seem to have
maintained relative constancy, but even in these regions significant
fluctuations of temperature and precipitation have occurred.
The bulk of the evidence in this field has come from the northern
hemisphere, but recent research, including the drilling of deep cores
in the bed of the southern ocean, has shown similar changes to have
occurred in the southern hemisphere. Thus major climatic alterations
have affected the entire globe.
Ten millennia is perhaps too long a period to capture the imagination
of any but science-fiction fans. But researchers have shown that
within these great climatic upheavals other more rapid climatic
fluctuations take place. They occur on a time scale of hundreds
(rather than thousands) of years and are therefore more relevant to
the immediate human condition. Their study, by means of historical
and other records, gives useful indicators for the less distant
future.
The historical record of climatic changes is, however, extremely short
in the time scales previously mentioned. In Europe, historians of
climate have been able to evolve a reasonably satisfactory account of
climatic changes for the past thousand years or so. These changes are
inferred from historical data, such as records of droughts, floods,
good and bad harvests, and long series of grain and wine prices.

Glaciers of the Va! de Bagnes (Switzerland) in 1820 and in 1974

Historical
records as
climate
indicators

Among these data can be found fascinating descriptions of winters
when well-known rivers such as the Thames, the Seine and the Rhône
froze over. Patient searching through old naval records, including
ships' logs, has produced much information about wind and weather
over the centuries. Instrumental observations of temperature and
pressure have been made on an increasing scale since about 1650,
when the thermometer and barometer were invented, and they
provide valuable data on climatic variation and variability.
An exceptionally long series of records of climate, though, has been
assembled by Chinese scientists. One scholar has made a preliminary
study on the climatic fluctuations during the last 5 000 years in China.
Others have examined thousands of volumes of prefecture and
county gazetteers. They have extracted from them data on dryness/
wetness variations during the last 5 000 years in northern and
north-eastern China. From these records they have also assembled
data on winter temperature in southern parts of China during the
same 5 000-year period. The average temperature during what the
Chinese call their Archaeological Period (3000-1100 BC) appears
to have been about 2°C higher than at present, with January
temperature 3° to 5°C higher than today. These records also reveal
certain climatic cycles.
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Research into these and other available regional records is fascinating
but it is difficult to draw from them any convincing conclusions on a
global scale, since the areas covered are but a fraction of the Earth's
surface. To obtain a broader and more convincing account of
previous climates going back well beyond historical times, scientists
have had to resort to an examination of what are known as "proxy"
records, that is, records of events and developments which, while not
specifically climatic records, are nearly enough related to climatic
factors to enable useful deductions to be made. By this examination
scientists have reconstructed climatic change and fluctuations during
the Quaternary Period and more particularly during the Holocene
Epoch (the past 10 000 years), the period of immediate relevance to
humankind. The most important sources of proxy evidence include :
glacial deposits and varves (sedimentary layers in old lake beds) ; the
remains of old beaches high above present shore lines ; the chemistry,
fossil organisms, and the oxygen-isotope ratio of glacial ice ; the fossil
pollen assemblages from lake and bog sediments ; the distribution of
plants and animals now and in the past ; and the annual growth rings
of trees.

The last 10 000
years by
"proxy"
methods

The most ingenious and impressive of the techniques for examining
this proxy evidence, at least to the non-specialist, are those relating to
ice, mud and trees. Thanks to advances in modern technology,
scientists are able to extract cores from the bottom of the ocean to the
south-west of Western Australia and to drill more than 1 300 metres
deep into ancient ice sheets such as those in central Greenland. The
chemical-physical analysis of layers of ice enables them to determine
the mean temperature at the time that each layer fell as snow.
Radio-carbon analyses of ocean and lake bed sediment also make it
possible to determine sea and land temperatures. In the case of lakes,
the principal object of analysis is pollen, which is chemically almost
indestructible. Its slow accumulation in bogs and lake sediments
enables us to identify the kind of vegetation that flourished in the
surrounding areas. This in turn makes it possible to derive an
indication of the climate and its variability. Indeed the analysis of an
almost two-metre-deep core from the Grand Pile peat bog in the
Vosges mountains of eastern France covers almost 140 000 years of
accumulation.

Ice cores and
sediments

Tree-rings

Another of the new technologies for investigating climate and
climatic variability is dendrochronology. This is the study of the
annual growth rings of trees ; its relevance to climate lies in the fact
that analysis of the widths and characteristics of individual rings
provides useful information on past climates. Thus in general a thick
ring corresponds to a "good" year for a particular tree, and a thin ring
to a "bad" year. By providing indirect indicators of past conditions,
dendrochronology and the other techniques can be of considerable
assistance in identifying periods of climatic stress in the not too
distant past.

Glacial e p o c h s

Before concluding this chapter on the history of climate, we might
note that various theories have been put forward to explain the
sequence of glacial and interglacial epochs that history reveals.
Particular mention should be made of the theory put forward some 40
years ago by Milutin Milankovitch. Recent research has tended to
corroborate this theory, and the International Institute for Environment and Development (IIED) finds the "Milankovitch model" the
most convincing explanation of these phenomena.
It appears that three cyclic changes take place in the Earth's orbital
parameters as it moves through space. The first of these follows a
regular cycle of about 100 000 years. The shape of the Earth's orbit
around the sun varies from almost circular to slightly elliptical and
back again. During the circular orbit there is less difference between
the seasons. The second follows a cycle of about 40 000 years and is
related to the tilt of the Earth relative to the plane of its orbit. The less
tilt, the more evenly the sun's heat is spread over the globe, and vice
versa. The third of these changes is a slight "wobble" in the axis of the
Earth similar to that in the slowing down of a spinning top. This
follows a cycle of about 20 000 years and results in a greater
difference between the amount of solar heat in the summer and
winter seasons.
At certain times these changes combine to make the Earth warmer.
At other times there is the opposite effect and the Earth tends to
move into an ice age. In between the extremes various intermediate
stages are favoured. Thus the past climate may be classified as ice ages
with intervening interglacial periods.
Using the Milankovitch model for the advance and retreat of the ice
over the past few hundred thousand years, scientists suggest that the
end of the present interglacial period is still 10 000 years away.
However, as already noted, it is the climatic fluctuations on a time
scale of centuries rather than millennia that are particularly relevant.

Effects of climate change on human society
It is clear from the preceding chapter that climate has varied slowly
over past millennia, centuries and decades, and will undoubtedly
continue to do so in the future. The question then arises as to how
these changes affect human society—past, present and future.
According to World Climate Conference reviews, the changes of
most significance in the past few millennia were those occurring in
and around the sub-tropical deserts of the northern hemisphere,
especially the Sahara, the Arabian desert and the Indus ValleyRaj asthan area. It seems that this area was generally wetter than
today with extensive savannah grasslands in parts of the Sahara. Rock
paintings bear splendid artistic witness to the hunters of big game in a
Sahara now utterly desert. The Indus Valley civilization of Mo hen joDaro and Harappa that arose during this wetter period subsequently
faded out because of climatic change. In the past 4 000 years this
desiccation has predominated in much of the sub-tropical belt. The
mechanics of these changes are, however, not known. Major changes
in the general circulation of the atmosphere are certainly an
important factor. But human activities probably assisted the process
on the desert margins. Over-pasturing or over-cultivation may have
set in motion feedback processes that intensified the tendency
towards a drier régime.

It has been said that the chief climatic scourge is drought. Few parts of
the world are immune to it. The absence of water in north-eastern
Brazil in 1958 forced several million people to abandon their homes
to avoid starvation. Droughts in parts of Africa can be lethal, as
certain important crops grow only in a strip 100 km wide and nearly
4 000 km long. Professor Hare has suggested that, more than any
other event, the Sahelian drought of 1968 to 1973 called public
attention to the reality of climatic variability and its significance for
humanity. Indeed the case of the Sahel is so recent, so well
documented, and offers so many pointers for the future that it merits
special attention.
From the early 1960s onwards, the Sahelian region suffered a
progressive decline in rainfall which culminated between 1968 and
1973 in a drought so severe that it starved flocks and herds, killed an
unknown number of inhabitants (pastoralists or cultivators), and
damaged soil and natural vegetation, especially woody species. The
effect spread at times into Ethiopia, Somalia, Tanzania, Kenya, and
Northern Nigeria, where the peanut harvest fell from 765 000 tons in
1968-1969 to 25 000 tons in 1972-1973. Though rains returned to
some areas in 1974 and 1975, drought has persisted in others, and
re-invaded West Africa in 1977.
The economic and social effects of drought on these African nations
have been drastic, and give rise to a number of questions. When will

The scourge
of drought

This neolithic mortar and
grinder found near Erg
Agmer (Algeria) attest that
cereals grew thousands of
years ago in this presently
desert area

the drought end? Will the effect be a lasting one or will the return of
rainfall solve the problems? Should the damaged land be reoccupied, or should attempts be made to relocate the population
permanently and retire the land from use? Does unwise land use
intensify drought, by some kind of feedback process, and are there
measures to be taken, such as precipitation enhancement or altered
land use, that may help restore the balance?
The desertification process associated with the Sahelian drought also
poses a serious threat to many other arid and semi-arid countries.
This threat prompted the United Nations Conference on Desertification in Nairobi in 1977. The conference considered that the
drought of 1968 to 1973 was the culmination of a desiccation dating
back to the late 1950s or early 1960s in most parts of the Sahel. It was
not unprecedented, though it was prolonged, severe and widespread.
Records exist of similar droughts 30, 50 and 60 years earlier. The
desertification that accompanied the drought, that is, the spread of
non-productive land conditions, had two causes : heavy stocking of
animals and continued dry land cultivation, until the land could no
longer sustain the human and animal populations during the drought
years.
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Areas with highly frequent droughts (shaded), including the permanently arid zones

The Sahel is but one of the world's many arid and semi-arid regions.
They exist in all continents and include : parts of Mexico, California
and Arizona ; a coastal strip of South America from the Equator to
35° S, some eastern and western slopes of the Andes, and small areas
in Brazil, Colombia and Venezuela; a vast African-Asian belt
extending from the Atlantic between 14° N and the Mediterranean
region across the Arabian peninsula to the Asian mainland (this belt
includes the Caspian-Aral sea plains and most of the plateaux and
basins of Sinkiang and Mongolia and the northern districts of China,
plus the lower Indus-Raj asthan belt of India-Pakistan) ; a belt in
southern Africa including the Kalahari Desert; and much of the
Australian continent.
That there should be global concern for what is happening in some of
these areas is not surprising, for they constitute almost one-third of
the Earth's land surface and support almost 600 million people.
About one-tenth of these people are directly affected by the spread of
the desert, but all are affected by climatic variability because of the
particular fragility of their ecosystems and the severe impact of
drought on food production.
The inadequacy of records makes it impossible to formulate a
categorical statement about these recent events. Most analyses imply
that the droughts of the 1970s, although severe, are normal to the
climate, in the sense that they have occurred before, and presumably
will occur again.
10

But drought is only one of the climatic episodes that have exacted
their toll during the 1960s and 1970s and revealed a multi-faceted
vulnerability. Thus, during the last 15 years Europe has had to face
many record-breaking seasons such as the 1976 drought, which
caused widespread economic dislocation. In the northern and eastern
U.S.A. the winter of 1976-77 brought severe cold and heavy snow,
described as the worst for a century. The winter of 1977-78 was even
more severe—the worst in the 200-year history of the United States.
Many industries and schools were forced to close and economic losses
were enormous. In 1975, cold waves in Brazil badly damaged coffee
crops, resulting in a doubling of coffee prices.

Climate and
fisheries

In view of the importance of fish as an item of diet for most of the
world's people, there is a cautionary tale in how fish populations
respond to climatic change. It has been known for some time that
climatic changes are reflected in the rise and fall of fish yields ; one
example is the west Greenland cod fishery, another is found in the
variations in herring and sardine catches.
Fish in inland waters are equally responsive to climatic perturbations,
which can be a major regulator of fish populations in all but the
largest bodies of water. When a fish stock is under severe stress from
other sources, such as overfishing or pollution, even slight variations
in climate can have drastic consequences. During the 1968 to 1973
Sahel drought, the Senegal and Niger River catches fell dramatically,
while in Lake Chad, which shrank to almost a quarter of its 1962 size,
the migratory species that previously made up the bulk of the fishery
have almost disappeared.
A phenomenon of even greater dimensions where climatic variation
has a drastic effect on fishing is that known as El Nino, a remarkable
marine anomaly that recurs off the Pacific Coast of equatorial South
America. Normally the waters of this coast are cold and their
upwelling is rich in food, hence they are prolific in marine life and the
scene of great fisheries, notable for anchovy. The appearance of a
warm current every five or ten years, called El Nino or the Christ
Child as it often occurs near Christmas, dramatically reduces the fish
yield. Following El Nino of 1972-73, there was a collapse of the
anchovy fishery, the catches falling to about one-sixth of normal size.
The results for Peru were disastrous.

Societal impact

These extreme climatic events of recent years—not only droughts,
blizzards and floods, but tropical cyclones, tornadoes and
storms—have stimulated much interest and research into their broad
societal impact, the basic processes that lead to their formation, and
the ways in which our vulnerability to them can be reduced.
11

A leading American expert on societal impact, Professor Robert
Kates, has stated that these natural disasters, primarily climatic in
origin, are placing an increasing burden on society. This is particularly
the case in the developing countries of the world, but the highly
developed countries are by no means unaffected, especially as
regards increasing damage to property. He believes that these trends
will continue and perhaps intensify.
The extreme climatic events of the past two decades have clearly
demonstrated the vulnerability of human society to such events. So
far we have been able to cope, though often at tremendous cost in
lives and material wealth. The miracles of modern technology have
encouraged the optimistic belief that all problems facing humanity
can be solved. Be that as it may, a study of the known facts shows that
this vulnerability to climatic variation and variability can only
increase, because of continued growth in world population and the
consequent need to expand enormously world food production. The
world energy crisis is another example. Indeed almost all major world
problems are in one way or another climate-sensitive. ICSU's
Scientific Committee on Problems of the Environment, SCOPE, has
reviewed both the scientific and societal aspects of climate problems.
It has noted the high visibility being given to extreme climatic events
and cautioned against taking exaggerated positions without due
scientific evidence.
In contrast to climate's effect on humanity is the relatively new
concept that human activities may be changing the natural climate, an
idea discussed in the following chapter.

El Nino—Positive monthly average sea-surface temperature anomalies in the
equatorial Pacific in October 1972 (in degrees Fahrenheit) and anchovy catches
(millions of tons) of Peruvian fisheries from 1964 to 1976. Note the drastic fall
resulting from El Nino of 1972-1973
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Effects of human activities on global climate
In addition to understanding more about climate variability due to
natural processes, we need to consider whether such variability may
occur as a result of our own activities.

Heat release

The possible effect on climate of the dissipation into the atmosphere
of the large quantity of heat generated by human activities comes to
mind at once in this connexion. At the present time, some eight
terawatts (one terawatt is a million million (10 12 ) watts) of heat
energy are so generated. This amount is small compared with the
incoming solar energy (80 000 terawatts) and is unlikely to have a
significant global effect. However, the heat release tends to be
concentrated in small areas, hence local and regional effects may be
of some consequence.

Carbon dioxide In addition to direct heat, there are other factors to be considered.
increase The first arises from the fact that one product of the combustion of

fossil fuels (coal, petroleum, and natural gas) is the gas carbon dioxide
(C0 2 ). Scientists believe that since the industrial revolution in
western Europe at the end of the 18th century, the release of carbon
dioxide into the atmosphere has increased exponentially. In 1956 the
carbon released annually from the combustion of fossil fuel was about
2.2 gigatons a year (a gigaton is a thousand million (10 9 ) metric tons).
At present it exceeds 5 gigatons per year. It is also thought possible
that additional large amounts of carbon may have been released into
the atmosphere during the same period as a result of deforestation,
the disturbance of natural soils, and other human activities. Since
1957 atmospheric C 0 2 has increased by about six per cent and the
global atmosphere now contains over 700 gigatons of it.

The significance of this increase in C 0 2 is that while this gas is
essentially transparent to incoming solar energy, it is not transparent
to the re-radiated energy emitted by the Earth itself. Thus a heating
process sometimes referred to as the "greenhouse" effect takes
place.
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The best scientific estimate of the effect this will have 20 years from
now is that a 25 per cent increase in C 0 2 would add about 0.5°C to the
global temperature trend. A doubling of C 0 2 would add about 2°C in
70 years. Hence conditions sometime in the next century would be
warmer than at any time in the past 1 000 years. Also, the studies
show that the polar regions are more sensitive to climatic change and
the increase in temperature there would be three to five times greater
than the global average.
13

Changes in annual average
global temperatures since
1850 and possible warming
trend resulting from the
increase of atmospheric

co2

These estimates assume there will be no worldwide curb in the use of
fossil fuels and that the release of C 0 2 into the atmosphere will
continue to increase at a quasi-exponential rate. They also assume
that most of the excess C 0 2 is eventually taken up by the oceans.
Since the exchange time between the surface and deep waters of the
ocean is slow, it would take 1 000 to 1 500 years for that to happen.
Thus if mankind proceeded to burn all the economically recoverable
fossil fuel in the next few centuries, the corresponding increase in
atmospheric C 0 2 concentration would be five to eight times, and this
additional quantity of C 0 2 would be airborne for many centuries.
Thus the amount of C 0 2 in the atmosphere must be closely watched
for a possible warming effect. Possible "feedback" effects will also
need to be studied—for example, will a warming effect result in
increased convection and greater cloudiness? If so, then the
increased cloudiness may reduce the amount of incoming solar
radiation and modify the warming effect. Clearly the subject needs to
be studied further in all its detail and complexity.

Another possible human effect on climate stems from the presence of
atmospheric pollutants rising into the upper layer of the atmosphere
known as the stratosphere, where there is an ozone layer. Ozone is an
unstable form of oxygen with three atoms to each molecule ( 0 3 )
instead of the usual stable form of oxygen present throughout the
atmosphere, in which each molecule contains two atoms ( 0 2 ) . There
is a constant process of creation and destruction of ozone caused by
the incoming ultra-violet solar radiation. As a result, much of the
ultra-violet radiation does not penetrate into the lower layers or to
the Earth's surface; the process does, however, produce a heating
effect in the stratosphere.
It is postulated that if certain pollutants, such as the gases used in
spray-cans (chlorofluoromethanes) or the oxides of nitrogen released
by high flying aircraft, were conveyed to the level of the ozone layer
they might interfere with the natural processes in the ozone layer. As
14

Atmospheric
pollutants

a result, there would be changes in the ultra-violet radiation reaching
the Earth where it can affect human health. In addition, the heating
effect in the stratosphere would be altered, with possible consequences for global climate.
WMO has issued an official statement on this subject which contains
the following remarks:
"The present evidence clearly supports the view that a continued
release of chlorofluoromethanes into the atmosphere would lead
to a significant reduction in stratospheric ozone... It is estimated
that a reduction of 15 per cent in ozone would result in an increase
of about 30 per cent in the ultra-violet radiation reaching the
Earth's surface... Because of the complexity of stratospheretroposphere interaction it is not possible to infer with reliability
what the consequences of these changes would be on the Earth's
climate... There is therefore a continuing and pressing need for a
co-ordinated international programme under the leadership of
W M O . . . with the continued collaboration of UNEP and
ICSU."
It is clear that here, too, is a field in which much more work is
required.

D u s t a n d Yet another possible human effect on global climate is that resulting
p a r t i c u l a t e from the increasing injection into the atmosphere of dust and other
m a t t e r particulate matter as effluents from a wide variety of human
activities. The perceived need to study such a possibility arises from
the fact that dust from major volcanic eruptions has had detectable
effects on climate.

Air pollution and heat
release from an industrial
plant
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Eruption of M t. Etna
volcano in August 1979 as
observed by TIROS-N
satellite (infra-red image)

Some scientists maintain that dust resulting from industrial pollution,
windblown soils from farmlands, and other human activities may be
acting to reduce the incoming solar radiation and thus tending to cool
the Earth. The quantity of this dust is enormous; it has been
estimated at 700 million metric tons of particulate matter per year.
However, it should be pointed out that the kind of dust produced by
human activities is very different from volcanic dust and may have a
different effect on climate. Here then is another field needing careful
study and attention. There are many possible effects on climate due to
changes in the Earth's surface. Indeed, a vast range of human
activities such as the building of cities, development of water projects,
and over-grazing semi-arid regions and the ensuing desertification
may all have had climatic effects.
Thus the possible effects of human activities on global climate are
many and each calls for increased attention, so that such activities can
be planned in the future to minimize adverse effects on the climate
and hence on human well-being.

16

The World Climate Programme
Climate and climatic variability have assumed a new importance, and
demand far more attention both nationally and internationally. The
World Meteorological Organization as a specialized agency of the
United Nations was quick to see this need. In 1976 the Organization
formally embarked upon the task of preparing a plan for a new and
comprehensive World Climate Programme to fill the modern world's
need for improved knowledge of climate and climatic variability.

The enthusiastic support of the many scientific and technical bodies
of the Organization was at once forthcoming while many other
organizations, governmental and non-governmental, showed their
willingness to co-operate and joined in the preparatory work. The
interest of the United Nations itself was clearly demonstrated by the
unanimous adoption by the Economic and Social Council of a formal
resolution commending WMO for its initiative in this matter and
urging all countries to support WMO in its efforts to draw up a
suitable plan.

The World
Climate
Conference

Among the various preparatory steps taken by WMO was the
organizing of an unprecedented World Climate Conference in
February 1979 in Geneva. This became a meeting of experts on
climate and mankind. In a further statement to the United Nations
Economic and Social Council (ECOSOC) in 1979 the SecretaryGeneral of WMO reported that the conference had been attended by
400 experts. They included not only the world's foremost climatologists, but also many specialists not in climate as such but in
economic and social activities that are particularly sensitive to
climatic factors ; there were economists, agriculturists, water resource
experts, town planners, medical doctors, environmentalists and so
on.
In his keynote address to the conference, Dr. Robert M. White drew
attention to an important new concept arising from carefully
prepared conference documentation. He pointed out that we should
now begin to think of climate as a resource, although it does not
conform to our usual ideas of a resource. Furthermore, while access
to climatic resources is restricted by national boundaries and property
rights, climate also has some of the characteristics of a common
property resource in that it can be modified by remote actions. While
the consequences of a global warming can only be speculated on at
this time, it is clear that such a change would have vastly different
kinds of impact in various regions of the world. There would be
winners, and there would be losers. A climate change could be the
cause of a major redistribution of wealth, and, from the point of view
of humanity, quite an arbitrary one.
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Opening session of the World Climate Conference (Geneva, February 1979)

The deliberations of the conference lasted two weeks and resulted in
the most authoritative review of climate and its relevance to mankind
yet made. The essence of the conclusions drawn is contained in the
Declaration of the World Climate Conference, which is reproduced
as an annex to this booklet.
In adopting this Declaration the World Climate Conference was
conscious of the dilemma facing it. It was in fact aware that it must not
raise expectations beyond the scientifically reasonable nor raise fears
beyond those scientifically warranted. But it had equally the
responsibility of ensuring that the possible consequences of either
natural or anthropogenic climatic variations and changes be fully
appreciated and the potential of science to assist clearly stated.
A glance at the Declaration reveals the global community's present
preoccupations and fears concerning possible variations in climate
resulting from both natural causes and human activities. These
activities include the increasing injection into the atmosphere of
carbon dioxide (leading to the so-called "greenhouse" effect), and of
certain pollutants, particularly the chlorofluoromethanes which may
affect the ozone in the atmosphere, and so on. The Declaration
contains a balanced review of what we know about these subjects and
indeed about the whole range of related matters.
The Declaration and the other findings of the conference were
conveyed to the Eighth World Meteorological Congress, which met a
few weeks later. They were taken fully into account in the preparation
18

of the World Climate Programme in the form finally approved by
Congress. The two main objectives of the World Climate Programme
are:
— To improve knowledge of the natural variability of climate and
the effects of climatic changes due either to natural causes or to
human activities; and
— To assist decision-makers in planning and co-ordinating climatesensitive activities of economic, environmental and social significance so that these are less vulnerable to climatic change and
variations.

The four
components
of the World
Climate
Programme

The World Climate Programme has four components: a Climate
Data Programme, a Climate Applications Programme, a Climate
Impact Study Programme and a Climate Research Programme.
In approving this programme, the Eighth Congress of WMO
recognized that the co-operation of many other UN agencies and
programmes would be necessary. Its plan calls for an Intergovernmental and Inter-agency Panel to provide overall co-ordination of
the four individual programmes and related activities. The WMO
Executive Committee is to establish this panel, but its first task is to
activate the four components. The Secretary-General of WMO has
already identified a focal point and support staff for the implementation of the World Climate Programme and for co-ordination among
the four components, described in the following sections.

CLIMATE DATA PROGRAMME

Improving the acquisition and management of climatic data is an
essential part of the World Climate Programme, as both research and
application of the knowledge of climate depend on reliable information. This will require the development of a vast amount of
meteorological, hydrological, océanographie and other pertinent
geophysical data. A considerable quantity of these data are currently
being collected by the World Weather Watch (WWW)—WMO's
global system for observing and exchanging weather information in
real time—and by other continuing activities of the Organization,
such as the collaboration with UNEP in organizing and sponsoring
the Global Environmental Monitoring System (GEMS). But these
data do not fully meet the needs for climatic research and applications, and steps are being taken to improve the situation. Arrangements are now being made for : a survey of sources of climatological
and related geophysical, biological, and socio-economic data ; provision of assistance to national data centres in developing countries ;
improvement or establishment of regional climate data centres ; and
establishment of a truly global network of climatological stations.
Recent developments in data acquisition and data management will
permit rapid action in this area. Of particular importance in this
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regard are satellite data, coupled atmospheric and oceanic data sets
and the transfer of technology to developing countries. There is an
urgent need for the various elements of the world programme such as
the Joint Scientific Committee (WMO/ICSU), the Committee on
Climate Change and Oceans (SCOR/IOC) and the WMO commissions to specify their data requirements for incorporation in this
component.

A TIROS satellite

CLIMATE APPLICATIONS PROGRAMME

A knowledge of the climate and its characteristics is necessary to
enable national planners and decision-makers to formulate and carry
out economic and social programmes. Many national Meteorological
and Hydrological Services have specialists and facilities in climatology to advise in these matters. Examples are to be found in planning
and development for airports, agriculture, transportation, energy and
pollution control and in the design and operation of power and flood
control systems. In the developing countries the climatological data
and expertise are often lacking, and this lack is felt most acutely in the
preparation of plans for industrial and agricultural development.
WMO has had for many years a number of continuing programmes
concerned with the application of knowledge of climate, some of
which will be described later. They are designed to facilitate the
exchange of knowledge and techniques among all countries and to
assist developing countries in technological development. Demanding immediate attention and support are: the development of
regional and national data bases and data-processing facilities; the
implementation of education, training and fellowship programmes
20

Applications

for more effective transfer of technology; the improvement of
climatic information systems as applied to socio-economic planning
and development projects, including more effective interaction with
users ; and the encouragement of research on new methodologies for
applications in the food, water, energy, and health sectors.
Springing from the increased awareness of climatic vulnerability are
many exciting national and international activities based on modern
computer and communication technology and the availability of
satellite imagery as well as conventional data. WMO's commissions
and Secretariat staff are moving, in co-operation with other bodies, to
ensure the promotion and wide use of these new developments in the
World Climate Programme.

CLIMATE IMPACT STUDY PROGRAMME

Climatic variability (from year to year) and climatic change (from
decade to decade) affect a wide variety of human activities including
agriculture and forestry, water resources, land-use planning, industry, energy planning, transportation, and tourism. Such climatic
impact can only be analysed by taking into account regional economic
and social structures, as the impact must be expressed in human
terms. The ultimate goal of this programme is to make possible the
formulation of national policy alternatives at all levels of decisionmaking.
Impact Study

The World Climate Conference noted particular concern for the
impact of climatic changes that might be induced by C 0 2 and other
infra-red-absorbing gases through the "greenhouse" effect. Current
predictions, based on admittedly deficient simulation models, suggest
that a substantial global warming and a possible change in climate
conditions not experienced in the last several millennia could arise
from expected C 0 2 increases. Only rudimentary techniques for the
study of such global effects are currently available. The purpose of
this programme is thus to encourage such studies by bringing together
interdisciplinary teams to develop the methodology and assemble the
necessary data. Though such studies will ordinarily be carried out, at
least initially, on a regional basis, the overall emphasis will be on
global problems and with a longer time-horizon than in the applications programme. On the global scale emphasis will be on the impact
of C0 2 -induced changes of climate. On the national and regional
scale the most useful areas in which to initiate impact studies appear
to be food systems and water management systems.
The effect of climate change and variability depends as much on the
nature of the socio-economic system that has to absorb the impact as
on the nature of the climatic perturbation. While it is possible to
determine objectively the nature of climatic shifts on the basis of
climatic statistics, the vulnerability of a society will depend on its
structures and institutions, and their resilience under stress.
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UNEP, in collaboration with WMO, has agreed to take the lead role
in the Impact Programme and a number of other international
organizations will have major contributions to make. In this difficult
task, UNEP will need to initiate the development of improved
methodologies and projects to test them against real situations. In
this connection SCOPE is to carry out a review of the methods of
climatic impact assessment, including the question of transferability
from the extensive work already in progress on environmental impact
assessment. For national and regional impact studies, input will be
required from a wide variety of local sources covering the geophysical, ecological and socio-economic disciplines. For the global-scale
studies examining the C0 2 problem, UNEP already assists WMO in
some monitoring and research aspects but major inputs such as
carbon cycle studies and climate modelling will come from the
Climate Research Programme outlined in the next section.

CLIMATE RESEARCH PROGRAMME

The purpose of this programme is to increase our knowledge of the
physical processes governing climate to provide a basis for defining
the sensitivity of the climate system to external changes—whether
natural or of human origin. Or, as the World Climate Conference put
it, to determine to what extent climate can be predicted and the extent
of our influence on climate.
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Scientific
research

These questions have been the concern of the Global Atmospheric
Research Programme (GARP), the WMO Research and Development Programme and a number of ICSU bodies. GARP, as already
noted, is a highly successful joint undertaking of WMO and ICSU.
As a consequence the two bodies have agreed to gradually shift
the emphasis of future WMO/ICSU co-operation towards climate.
They have further agreed that there should be only one World
Climate Research Programme and that a Joint Scientific Committee
be established for the formulation of overall scientific concepts and
co-ordination at the international level. The programme is not only to
include the extensions of the GARP but also to serve as an umbrella
under which existing WMO, ICSU and other projects will be
gathered.
Major emphasis in this programme is to be given to :
— The development and assessment of climate models, their ability
to predict monthly and seasonal anomalies and their sensivity to
C0 2 increases;
— The clarification of climatologically significant processes such as
the effects of clouds on the radiation budget and the influence of
the oceans; and
— The definition of data requirements and diagnostic studies to
further basic understanding.
Fortunately, great strides may be expected in this area thanks to the
ability of satellites to survey the world climate scene and the
development of super-computers able to manipulate the masses of
data and integrate the very complicated mathematical models of
climate.
The Research Programme can move forward from a particularly
advantageous position since a number of highly relevant projects
have already been initiated. Of particular note is GARP's Global
Weather Experiment, which took place throughout 1979 and
accumulated truly global-scale data from a vast array of satellites,
balloons, aircraft, ships, drifting buoys and conventional weather
stations. This enormous quantity of data will be of great value in
research to increase understanding and for developing models.
Those are, in brief, the four component programmes of the World
Climate Programme. It is envisaged that the programme will be a
long-term endeavour of major significance, and it will no doubt
continue to envolve as the problems and opportunities are more
clearly defined. The subjects that must be considered relating to
climate variability and change and their impact on human activities
and even the structure of society are so varied that new interdisciplinary as well as international approaches must be sought.
Furthermore, the results must be applicable to decision-makers at all
levels, from the individual farmer to the designers of dams to the
planners of a world-wide energy strategy.
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In his speech to the summer 1979 session of ECOSOC, the
Secretary-General of WMO pointed out that the formal approval of
the World Climate Programme by the WMO Congress was only the
beginning. A vast programme of work lay ahead. While WMO is
taking the lead in guiding and co-ordinating the overall programme,
many other international bodies are deeply involved. The principal
contributors to the WCP in the United Nations system are the Food
and Agriculture Organization of the United Nations (FAO), the
International Fund for Agricultural Development (IFAD), the
United Nations Educational, Scientific and Cultural Organization
(Unesco), UNEP, and the World Health Organization (WHO) ; on
the non-governemental side are ICSU and the International Institute
for Applied Systems Analysis (IIASA).
A great effort is also needed on the national level in organizing
observational procedures, field programme monitoring systems,
research studies, and so on. Without the full and active support of all
the individual Member countries of WMO the international efforts
and programmes will be in vain. It is essential that all nations become
involved and contribute, for undoubtedly all will benefit from this
truly global endeavour.

WMO's activities in climatological and related fields
It should not be thought that in launching a World Climate
Programme the World Meteorological Organization is venturing into
terra incognita. Far from it. Through its eight technical commissions
and their subsidiary working bodies, through its six regional associations and its technical co-operation programme, the Organization has
already acquired a considerable experience and expertise in a wide
range of climatological matters.
WMO has been associated with many productive climate-oriented
projects initiated in areas where modern facilities and expertise are
available. It has been concerned not only to promote and co-ordinate
the international aspects of these activities but also to ensure the
involvement of and transfer of knowledge to other nations. Recent
scientific findings show that climatic anomalies and their effects need
no longer be accepted as beyond our reach; much can be done if
development planning takes due account of climatic factors. Understandably, then, many of WMO's operational activities have been
directed toward developing countries where extreme climatic events
take their heaviest toll and where much can be done to alleviate their
destructive effects.
In general, these programmes provide technical advice and assistance
to national Hydrological and Meteorological Services. This enables
the developing countries to strengthen their facilities and train
personnel needed for gathering, interpreting and disseminating water
data and related meteorological information.
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With resources made available by UNDP and through its own
Voluntary Co-operation Programme, WMO has provided developing countries with expert missions, with training facilities for their
nationals, by means of fellowships for study abroad or by means of
seminars and conferences, and with certain instruments and equipment. Some of these projects have been on a large scale, costing
several million dollars and lasting up to five years. Assistance has
been given in a wide range of fields including agriculture, hydrology
and water resources development, wind and solar energy, pollution
problems connected with energy production, transportation, and
others.

Assistance
to developing
countries

Space permits only a brief survey of the considerable assistance
WMO has rendered to developing countries. In many such countries
there were no climatological observations available before the advent
of WMO technical assistance. After observational networks had been
established with WMO help, information began to accumulate.
Observations made over more than 17 years in Afghanistan, and 13
in Nepal, already provide advice for a number of development
projects. Countries such as Guyana and Colombia are now publishing
climatological data in the form of monthly bulletins and yearbooks
with WMO help. Others, such as Iran, Iraq, Jordan and Syria, are
producing national climatological atlases. Some of these activities
have been carried out by experts from other developing countries
trained in seminars such as the one organized by WMO on Modern
Methods of Equipment for Data Processing for Climatological
Purposes in Africa.
About a third of the assistance provided to governments under
WMO's technical co-operation programme has been in the field of
hydrology and water resources. Large-scale projects have enabled
developing countries to establish Hydrological Services, install
hydrological observation networks, institute river and flood forecasting, execute water resources assessment surveys, and train

Installation of a water-level
recorder —
Hydrometeorological
survey of the Lakes
Victoria, Kyoga and
Mobutu Sese Seko.
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hydrological personnel. Many inter-country and country projects
have been or are being implemented.
One of the most successful climate-related technical co-operation
projects of WMO is its Hydrometeorological Survey of the Catchment of Lakes Victoria, Kyoga, and Mobutu Sese Seko (formerly
Lake Albert), in which seven countries of the region, all directly
concerned, have participated. This group of lakes is of enormous
economic and social importance as it supplies water to one-third of
the African continent. The objectives of the project are the collection
and analysis of hydrometeorological data and the study of the water
balance of the wide catchment area of the Upper Nile. The project is
of special significance to all countries dependent on this gigantic
water system, particularly Kenya, Uganda, Tanzania, Rwanda and
Burundi, but also Sudan and Egypt, since the waters of the Nile, the
source of which is Lake Victoria, are economically vital to them.
It was to be expected that special efforts would be made by WMO to
assist the countries hit by the recent Sudano-Sahelian drought. Some
of these efforts were centred on ways of utilizing more fully the
meteorological and hydrological data already available to promote
agricultural production generally, and in particular to mitigate the
effects of drought. In 1976 three WMO experts prepared an
important Evaluation of Climate and Water Resources for Development of Agriculture in the Sudano-Sahelian Zone of West Africa.
This study has been of great benefit to Mauritania, Senegal, Gambia,
Mali, Upper Volta, Niger and Chad as well as the northern parts of
Benin, Nigeria and Cameroon. It has particular value because the
experience gained is being made available to other countries in
eastern North Africa and to Democratic Yemen and Yemen.
As a result of this project, a regional centre is being established in
Niamey to train the required personnel and issue regional hydrological and agrometeorological forecasts and warnings. In addition, the
Organization established seven national projects in collaboration
with the governments of Chad, Gambia, Mali, Mauritania, Niger,
Senegal and Upper Volta. These projects are already developing
meteorological and hydrological networks, strengthening dataprocessing capability and enabling national authorities to supply
basic information to agricultural and other interests. The training of
technical staff for the seven national Services has already begun.
Several dozen staff members are now nearingthe completion of their
studies.
In the past the economic benefits of climatological services were not
exploited as fully as they might be. The benefits apply to all countries,
but they have special importance for developing countries. The list of
fields in which benefits can be derived includes: land-use planning,
agriculture and forestry, town planning, building design, transport,
engineering, water supplies, commerce, insurance, recreation and
sports, and medical and health services.
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The World Meteorological Organization has gained vast and valuable
experience in rendering technical co-operation services to developing
countries in some of these fields. This experience will be particularly
useful during the coming decade in connexion with the implementation of the four components of the World Climate Programme
described earlier. In order to make the fullest contribution to this
programme, which bears directly on their own development and
well-being, the developing countries will require substantial technical
co-operation services from the Organization in the form of expert
missions, education and training programmes, and instruments and
equipment. The 27 years of experience gained since the inception of
WMO's technical co-operation programme in 1952 will be of
inestimable value in this task.
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The translation of a World Climate Programme into a wide range of
national and international activities presents the meteorological
community with an unprecedented challenge. Indeed, as the chairman of the World Climate Conference pointed out, it presents a
challenge to all of science. The problems to be confronted are not
strictly meteorological, although they have a high meteorological
content. The scientific problems to be solved involve complex
environmental and ecological systems. What other problems of
global concern demand a knowledge of the photochemistry of the
upper atmosphere as well as the chemistry of the depths of the ocean ?
What other problems engage our knowledge of astronomy and solar
physics, and at the same time our knowledge of geophysics and the
biology of the seabed ? What other problems require a knowledge of
the interrelation between the processes of the biosphere as they are
affected by human settlements and their effects on the chemical
composition of the atmosphere ? What other problems engage us in
the science of the radiative properties of gases and the dynamics of
geophysical fluids? How many scientific problems are concerned
with the economy of nations, with the potential to disrupt the
economic and political order?
There is no question that the challenge will be met ; for nothing less
than the well-being of all mankind is at stake. How prescient was the
British statesman and writer, the late John Strachey, when more than
30 years ago he told an international meeting of Directors of
Meteorological Services :
" . . .Meteorology will. . . become one of the key sciences of the
world, and you, who are all meteorologists, will be called upon to
play a far more important role than you have ever played before in
human affairs."
Since then, meteorology has made giant steps. With the help and
guidance of the World Meteorological Organization, the world
community of scientists will carry out the difficult tasks ahead.
It would be hard to find a more eloquent summation of this enormous
challenge than the final words of what will surely become one of the
historical documents of our day, the World Climate Declaration:
"The long-term survival of mankind depends on achieving a
harmony between society and nature. The climate is but one
characteristic of our natural environment that needs to be wisely
utilized. All elements of the environment interact, both locally
and remotely. Degradation of the environment in any national or
geographical area must be a major concern of society because it
may influence climate elsewhere. The nations of the world must
work together to preserve the fertility of the soils ; to avoid misuse
of the world's water resources, forests and rangelands; to arrest
desertification ; and to lessen pollution of the atmosphere and the
oceans. These actions by nations will require great determination
and adequate material resources, and they will be meaningful only
in a world of peace."
28

Conclusion

'"

e

task a h e a d

The Declaration of the World Climate Conference
Preamble

Annex

^he World Climate Conference, a conference of experts on climate and
mankind, held in Geneva from 12 to 23 February 1979, was sponsored by the
World Meteorological Organization in collaboration with other international
bodies.
The specialists from many disciplines assembled for the Conference
expressed their views concerning climatic variability and change and the
implications for the world community. On the basis of their deliberations
they adopted "The Declaration of the World Climate Conference", the text
of which follows.

An Appeal
to Nations

Having regard to the all-pervading influence of climate on human society and
fi^ds of human activity and endeavour, the Conference finds that it
is now urgently necessary for the nations of the world :

on manv

(a) To take full advantage of man's present knowledge of climate ;
(b) To take steps to improve significantly that knowledge ;
(c) To foresee and to prevent potential man-made changes in climate
that might be adverse to the well-being of humanity.

The problem The global climate has varied slowly over past millennia, centuries and

decades and will vary in the future. Mankind takes advantage of favourable
climate, but is also vulnerable to changes and variations of climate and to the
occurrence of extreme events such as droughts and floods. Food, water,
energy, shelter, and health are all aspects of human life that depend critically
on climate. Recent grain harvest failures and the serious decline in some
fisheries emphasize this vulnerability. Even normal variations and modest
changes relative to the normal climate have a significant influence upon
man's activities.
All countries are vulnerable to climatic variations, and developing countries,
especially those in arid, semi-arid, or high-rainfall regions, are particularly
so. On the other hand, unfavourable impacts may be mitigated and positive
benefits may be gained from use of available climate knowledge.

The climates of the countries of the world are interdependent. For this
reason, and in view of the increasing demand for resources by the growing
world population that strives for improved living conditions, there is an
urgent need for the development of a common global strategy for a greater
understanding and a rational use of climate.
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Man today inadvertently modifies climate on a local scale and to a limited
extent on a regional scale. There is serious concern that the continued
expansion of man's activities on Earth may cause significant extended
regional and even global changes of climate. This possibility adds further
urgency to the need for global co-operation to explore the possible future
course of global climate and to take this new understanding into account in
planning for the future development of human society.

Climate will continue to vary and to change on account of natural causes. The
slow cooling trend in parts of the northern hemisphere during the last few
decades is similar to others of natural origin in the past, and whether it will
continue or not is unknown.
Research is revealing many basic features of climatic changes of the past and
is providing the basis for projections of future climate. The causes of climate
variations are becoming better understood, but uncertainty exists about
many of them and their relative importance.
Nevertheless, we can say with some confidence that the burning of fossil
fuels, deforestation, and changes of land use have increased the amount of
carbon dioxide in the atmosphere by about 15 per cent during the last century
and it is at present increasing by about 0.4 per cent per year. It is likely that an
increase will continue in the future. Carbon dioxide plays a fundamental role
in determining the temperature of the Earth's atmosphere, and it appears
plausible that an increased amount of carbon dioxide in the atmosphere can
contribute to a gradual warming of the lower atmosphere, especially at high
latitudes. Patterns of change would be likely to affect the distribution of
temperature, rainfall and other meteorological parameters, but the details of
the changes are still poorly understood.
It is possible that some effects on a regional and global scale may be
detectable before the end of this century and become significant before the
middle of the next century. This time scale is similar to that required to
redirect, if necessary, the operation of many aspects of the world economy,
including agriculture and the production of energy. Since changes in climate
may prove to be beneficial in some parts of the world and adverse in others,
significant social and technological readjustments may be required.
Increasing energy use and thus release of heat have already caused local
climatic changes. In the future such heat sources from densely populated and
heavily industrialized regions could possibly have some effects on climate on
a larger scale. Other human activities, such as agriculture, pastoral practices,
deforestation, increased use of nitrogen fertilizers and release of chlorofluoromethanes, might have climatic consequences and therefore require
careful study. Also, a systematic search for still other possible effects on
climate of major human efforts is needed.
Some forms of warfare have local climatic effects. World thermonuclear
conflict, besides its catastrophic consequences for mankind, would degrade
the natural environment and might cause climatic changes on a large
scale.
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It is conceivable that in the future man may be able to produce limited
changes in climate on a large scale by deliberate intervention. It would be
irresponsible to consider such actions until we have acquired the essential
understanding of the mechanisms governing climate that is needed to predict
the consequences. Moreover, international agreement must be reached
before such projects are implemented.

The World Climate Programme proposed by the World
Organization deserves the strongest support of all nations.

Conclusions
and
Recommendations

Meteorological

Its main thrusts are :
Research into the mechanisms of climate in order to clarify the relative
roles of natural and anthropogenic influences. This will require the
further development of mathematical models which are the tools for
simulating and assessing the predictability of the climate system. They will
also be used to investigate the sensitivity of climate to possible natural and
man-made stimuli such as the release of carbon dioxide and to estimate
the climatic response.
Improving the acquisition and availability of climatic data. The success of
the climate programme depends on the development of a vast amount of
meteorological, hydrological, océanographie and other pertinent geophysical data. Furthermore, climatic impact studies and practical application
of knowledge of climate by nations require in addition detailed information about their natural resources and socio-economic structures.
Application of knowledge of climate in planning, development and
management. This effort should include programmes to assist national
Meteorological and Hydrological Services to increase the awareness of
users of the potential benefits to be gained through the use of climate
information, to improve capabilities to provide and disseminate this
information, and to facilitate training in nationally significant climate
applications. It should include programmes to develop new methodologies for the application of climate data in the food, water, energy and
health sectors.
Study of the impacts of climatic variability and change on human activities
and the translation of the findings of such studies in terms of greatest use
to governments and the people. This will require improvement in our
understanding of the relationships between climate and human society
including :
(a) The possible range of societal adjustments to climate variations and
change ;
(b) The characteristics of human societies at different stages of development and in different environments that make them especially
vulnerable or resilient in the face of climate variability and
change ;
(c) The means by which human societies can protect against adverse
consequences of, and take advantage of the opportunities presented
by, climate variations and changes.
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The overall purposes of the programme are thus to provide the means to
foresee possible future changes of climate and to aid nations in the
application of climatic data and knowledge to the planning and management
of all aspects of man's activities. This will require an interdisciplinary effort of
unprecedented scope at the national and international levels.
The conduct of the World Climate Programme involves a broad range of
activities and requires leadership and co-operation among international bodies
and close collaboration among nations.
It is fully recognized that the international co-operation which is the
prerequisite for the World Climate Programme can be successfully pursued
only under conditions of peace.
There is an immediate need for nations to utilize existing knowledge of climate
and climatic variations in the planning for social and economic development.
In some parts of the world, there is already sufficient information to provide
many applied climate services. However, only a start has been made ; data
and expertise are generally lacking in developing countries. Programmes
must be set up to assist them to participate fully in the World Climate
Programme through training and the transfer of appropriate methodologies.

The long-term survival of mankind depends on achieving a harmony between
society and nature. The climate is but one characteristic of our natural
environment that needs to be wisely utilized. All elements of the environment interact, both locally and remotely. Degradation of the environment in
any national or geographical area must be a major concern of society because
it may influence climate elsewhere. The nations of the world must work
together to preserve the fertility of the soils ; to avoid misuse of the world's
water resources, forests and rangelands; to arrest desertification; and to
lessen pollution of the atmosphere and the oceans. These actions by nations
will require great determination and adequate material resources, and they
will be meaningful only in a world at peace.
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