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FOREWORD

The current drought in Africa has already caused great suffering for
many people there and the threat of widespread famine is very real in nearly
all of the drought-stricken areas. The Economic Commission for Africa (ECA)
passed a resolution in 1983 requesting the Executive Secretary of the
Commission to organize a scientific roundtable to discuss the climatic
situation and drought in Africa, its effects, and to propose measures to deal
with the problem. United Nations organizations were asked to collaborate with
the ECA in this task.
in response to the resolution, the ECA Secretariat, UNSO, UNEP and the
WHO held meetings in June and July 1983 to plan actions required. It was
decided to have two preparatory meetings to assure that adequate information
would be available for the roundtable, which is scheduled to be held in
March 1984 at the ECA in Addis Ababa. The first preparatory meeting was to
deal with the climatic aspects of drought in Africa and was to be hosted by
the WMO. The second preparatory meeting was to determine the effects of the
drought on agriculture, water, and other vital human activities, this meeting
is to be hosted by UNEP in December 198 3.
The outcome of the WMO meeting on the climatic aspects of the drought
in Africa is contained in this report of the WCP series. It is planned that
this will be used as a basic document in the UNEP preparatory meeting and in
the ECA scientific roundtable. In my opinion this report will also be used m
many other contexts as a clear, up-to-date statement on the climatic aspects
of the current drought in Africa.

Thomas D. Potter
Director
World Climate Programme Department
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1.

ORGANIZATION OF THE SESSION

1.1

Opening of the Session

1.1.1
The meeting was opened on behalf of the Secretary-General by Mr.
Roland List, Deputy Secretary-General of WMO at 10.00 hours on 6 October 1983.
1.1.2
He welcomed the participants to the WMO Secretariat and thanked them
for accepting the WMO invitation to participate in the work of the Expert
Group on the Climate Situation and Drought in Africa.
As background
information to participants he mentioned that, in one of the Resolutions of
the recent Conference of Ministers of the Economic Commission for Africa
(ECA), the Executive Secretary of the Commission was requested to organize a
special scientific Round Table meeting on the Climate Situation and Drought in
Africa to which all members of the Commission would be invited.
1.1.3
The Round Table would discuss the climatic aspects of the problem of
drought that affected a limited number of countries in the Sudano-Sahelian
region of Africa during the early 1970s but which had now spread to 34
countries, 24 of which were among the least developed countries. The Round
Table would attempt to seek answers to whether Africa was undergoing a major
climatic change or a more extreme climatic variability with adverse
consequences on the already fragile food and agricultural situation on other
socio-economic systems on the continent. The Round Table would also attempt
to find a scientific explanation to the drought, its causes and periodicity,
and ascertain if any trends were discernible. The meeting would seek to
propose, in its conclusions, some practical measures that could be taken to
combat drought in the short-, medium- and long-term.
1.1.4
The Expert meeting, which was the first step in the implementation of
the ECA Resolution, was being convened by WMO to review and evaluate the
current scientific knowledge of climatic effects on drought, especially in
Africa, and to produce a statement on the problem in simple user-oriented
language. The statement would later be submitted to the multi-disciplinary
meeting in UNEP Headquarters on the impact of drought on socio-economic
activities in Africa in December 1983. Various overview papers, which would
be prepared on different aspects of the drought problem, would then be
presented to the ECA Round Table in February 1984, along with the statement to
be prepared by the Expert meeting.
1.1.5
Professor F.K. Hare was unanimously elected chairman for the meeting.
A list of the participants is given in Annex I.
1.2

Approval of the Agenda and Working Arrangements

1.2.1
The Chairman introduced the provisional agenda which was adopted.
approved agenda is given in Annex II.

The

1.2.2
It was agreed that the session would have as working hours from 10.00
to 12.30 hours and from 14.00 to 17.30 hours for 6 October 1983. Depending on
the progress of work, the hours of work for 7 October would be decided.
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2.

REVIEW OF ACTIVITIES ON THE IMPLEMENTATION OF THE ECA RESOLUTION ON
THE CLIMATIC SITUATION AND DROUGHT IN AFRICA

2.1
Under this item, Mr. Potter expanded further the statement made by the
Deputy Secretary-General in the opening remarks and mentioned that the ECA
Resolution (Annex III) was discussed initially by a co-ordination committee
made up of representatives of ECA, WMO, UNEP and UNSO.
This Committee
proposed a programme (See Annex IV) which was later approved by an Interagency
meeting in WMO on 25 July 1983.
This programme among other activities
consisted of the present Expert meeting to prepare a statement on the
problem. He therefore invited the participants to discuss the problem to
arrive at a comprehensive statement to be made on behalf of WMO.
2.2
In particular, Dr. Potter suggested that the meeting should attempt to
find answers to the following questions:

3.

1.

What are the observed facts of the climatic aspects of the
meteorological drought in Africa during this century, especially
in
the
last
30
years?
(i.e.
rainfall
patterns,
évapotranspiration, and water balance)

2.

What are the climatic causes of the meteorological drought in
Africa? (emphasize the dynamics of weather systems)

3.

Do climate variations produce periodicities
meteorological
droughts
in
Africa
which
identification of drought recurrences?

4.

Can reliable forecasts of non-periodic meteorological droughts be
made for seasons or years?

5.

Are sufficient reliable and continuous data available to permit
the analysis and warning of droughts?

6.

Can the droughts be ameliorated significantly by rainmaking?

7.

What are the practical measures which can be taken by national
meteorological services and the WMO to assist the ECA Conference
of Ministers in planning actions to alleviate the effects of
drought?
(e.g.
(a) develop probability distributions of
rainfall amounts and timing»
(b) develop a system to make
running observations and probability forecasts of crop water
balance and natural pasture production during a growing season»
(c) develop an early warning system to detect meteorological
drought» and (d) provide input to determine agricultural drought).

or trends in
would
permit

REVIEW OF CURRENT SCIENTIFIC KNOWLEDGE ON DROUGHT IN AFRICA»
THE
PROBLEM, OBSERVED FACTS, CAUSES, PERIODICITY, TRENDS, CLIMATIC CHANGE
AND VARIABILITY, PREDICTABILITY, DATA ADEQUACY, RAINMAKING-POTENTIAL

3.1.
The meeting quickly achieved consensus on the questions before it, and
decided to provide (i) answers to the questions raised, and (ii) conclusions
and recommendations on practical measures.
Section 4 summarizes the
Conclusions and Recommendations. The main body of the report (Section 5)
gives detailed answers to the questions posed and the group's rationale for
the extended conclusions.

(1499M)
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CONCLUSIONS AND RECOMMENDATIONS (Agenda item 4)

4.1

(1499M)

The Expert Committee concluded that:
1)

The drought in Africa which began in 1968 has not yet ended in
1983, especially in the Sahelf
in recent years drought has
spread to southern Africa and some parts of eastern Africa.
However, some countries in East Africa and in West Africa have
had much less severe drought conditions during this period.

2)

Drought is a common occurrence in many parts of the tropics and
sub-tropics in Africa. The general meteorological causes of
drought are well known but the specific quantitative conditions
necessary for the onset and cessation of the African drought are
not yet fully understood. Further developments to explain the
causal mechanisms can be expected in the next several years if
active research continues.

3)

No known periodicities or trends exist in the climate of Africa
which cause or ameliorate drought. Although rainfall amounts in
the Sub-Sahara have indeed markedly decreased over the past 15
years, there is no certainty that these déficiences will continue
or will cease.

4)

No known method exists to reliably predict the continuation,
cessation or recurrence of drought in Africa.

5)

Reliable and continuous weather data do not exist in many parts
of Africa» these data are necessary to permit the analysis and
warning of droughts.

6)

Rainmaking has not been convincingly demonstrated to be able to
alleviate the current drought in Africa.

7)

Several positive actions can be taken by African countries to
improve the detection of drought and to help alleviate its
effects on agricultural production.

_ 4 -

4.2

The Expert Committee recommends that:

1)

All African nations should establish drought control plans, which
would include positive actions to be taken which will help detect
drought and alleviate its effects on agricultural production (See
Sec 5E for details)

2)

National Meteorological Services in Africa, with the assistance
of the WMO, take prompt action to ensure that:

a)

the necessary meteorological data are observed regularly
and disseminated promptly to the operational and research
communities, special emphasis should be placed on necessary
observations of rainfall, the upper atmosphere and
hydrological values (See Sect. 5C for details)

b)

the necessary data are available to detect
governments of impending drought conditionsj

c) meteorological services provide necessary
agr i cultural sector.

(1499M)

and

warn

support to the

3)

African governments should take prompt action to provide
necessary resources to their National Meteorological Services.

4)

Reliance not be placed at this time on operational rainmaking
as a means of ameliorating drought.
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5.

REVIEW OF CURRENT SCIENTIFIC KNOWLEDGE ON DROUGHT (Agenda item 3)

A.

The Observed Facts

Drought has many definitions. Meteorological drought occurs when
rainfall falls well below expectation in any large area for an extended
period. In many cases such drought has economic impact, because it impairs
food production, streamflow, water supply and other resource yields.
Agricultural drought occurs when rainfall amounts and distribution, soil water
reserves and evaporation losses combine in such a way to cause crop or
livestock yields to diminish markedly.
Desertification is the term used to describe the deterioration of arid
and semi-arid lands that are used beyond their capacity for sustained
production by cultivators, herdsmen and others. Drought often accelerates
such deterioration, but natural ecosystems usually recover from even prolonged
drought. When human misuse of the land weakens the natural system, drought
often leads to desertification.
Both drought and desertification are widespread in Africa.
Over the past years the cost of living has been getting higher and
higher in those countries that have been afflicted by drought. This high cost
of living has been due not only to population increase, but also to decreased
agricultural production resulting from the lack of sufficient water for more
intensive agricultural production requirements, with livestock dying due to
diminishing pastures and water resources. As a result, famine has increased
in many countries affected by drought. There has also been a decrease in the
quality of rural labour arising from famine and disease and rural exodus.
This phenomenon has impaired the development of the African rural economy and
socio-cultural structures.
The severe droughts of early 1983, in the countries of Africa
neighbouring the Sahara and Kalahari deserts, brought to a head a problem that
has been lingering for decades and which has so far been taken for granted.
Governments realized that the semi-arid and highly variable climatic
conditions and severe drought were threatening, more than ever before, the
social and economic resource capabilities of these countries.
The African countries decided to call on the scientific community,
through ECA Resolution 473 (XVIII), to determine the climatic aspects of
drought conditions in Africa and to provide them with ideas for practical
actions. As an example of what these conditions can mean for an individual
country, Annex V is presented. It summarizes the situation in one of the
seriously affected countries, Mauritania.
The semi-arid areas of Africa are regions with highly variable
rainfall and histories of recurrent and intense drought. Nowhere is the
situation as severe as in the Sahel and its neighbouring regions along the
southern margins of the Sahara. The most notable characteristics of drought
are a random distribution in time, spatial coherence over large areas and, in
some regions, persistence for years on end. In some years there appears to be
a spatial coherence which extends on a continental scale;
simultaneous
droughts in the Sahel and severe conditions in southern and eastern Africa
occur more frequently than the continental drought.

(1499M)
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It is well-known that drought occurred throughout the sub-Saharan area
in the years 1968-73.
In the years 1974 and 1975 rainfall increased
considerably in the region, leading to the belief that the drought had
ended.In fact, although wetter than previous years, those two years were still
below normal. In 1976 severe drought returned to the region and has continued
in most areas up to the present time.
The Expert Meeting noted that all African countries had not been
uniformly affected by this prolonged spell of deficient rainfall and run-off.
Recent experience in Kenya and Tanzania, for example, has been more
favourable. In East Africa, two rainy seasons are dominant near the equator.
In 1983, the first rainy season was approximately normal over many regions of
East Africa, although some areas received below normal precipitation. The
second rainy season seems to have arrived early, and one may expect above
normal rainfall in the second season, as was the case in the year 1982.
All of West Africa has also seen variable conditions. Extreme drought
has affected the western Sahel for much of the past decade (see Annex VI), but
other countries have been more fortunate. In contrast to the very dry
conditions of 1968 and 1973, the Sahelian zone of Nigeria has been enjoying
satisfactory rainfall in recent years.
This general observation does not preclude delays in the onset of the
rainy seasons, as was experienced in 1983. There also are localized drought
conditions, but large-scale drought has been absent. This is in contrast with
the widely-reported severe drought conditions in some other parts of the Sahel
zone of West Africa, for example, Mauritania.
The full significance of the recent rainfall anomalies is most evident
when compared with variability throughout the last three decades. Since the
1950's changes in Sahelian rainfall have been particularly dramatic (Fig. 1).
Wet conditions prevailed during that decade, with decadal averages ranging
from 15 per cent above normal in the southern areas to 35 to 40 per cent
above normal along the Saharan fringe. Favourable conditions ended in 1960
and by 1968 the situation was very bad. Average deficits for the six years
1968 to 1973 matched the excesses of the 1950' s; 15 to 40 per cent below the
mean. The extremes were reached in 1972 and 1973, with deficits of 50 to 60
per cent in the northern Sahel and 30 to 35 per cent in the more humid
southern areas, where mean rainfall ranges from 400 to 1200mm. In 1974 and
1975, when drought reportedly had ended, rainfall was still about 25 per cent
below the mean in the north and about 10 per cent below in the south. Larger
rainfall deficits occurred in subsequent years and continued until 1983,
deficits of 1976 and 1977 matching or exceeding those of 1972 and 1973 in many
areas. Thus, the drought which began in 1968 in the sub-Saharan regions never
really ended, though some areas were luckier than others, notably because of a
favourable distribution of rainfall throughout the season so that the
consequences for agricultural production were not as detrimental.
Sahel droughts sometimes coincided with abnormally dry conditions over
much of the continent. Although the wet episode in the Sahel during the
1950*s was paralleled by above-normal rainfall through much of southern
Africa, it was a decade of generally dry conditions in east Africa. The
I960's were abnormally wet throughout east Africa and in many other equatorial
regions, but drier conditions commenced then in the semi-arid subtropical
regions of the continent. Drought conditions occurred early in that decade in
southern Africa, a few years before they began in the Sahel. The early 1970's
(1499M)
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were a special case, however, in that they were years of nearly continental
wide drought, affecting northern Africa, east Africa, and especially northern
margins of the Kalahari (but not those on the southern Kalahari). The last
eight years have variously seen drought not only in the Sahel, but also in
east Africa and in southern Africa, although the most severe periods have not
been synchronous in all three regions.
The spatial coherence of rainfall anomaly patterns is particularly
marked in the semi-arid regions of northern Africa, generally extending across
the east-*west expanse of the continent and including areas with winter rains
north and those with summer rains south of the Sahara. Thus, the rainfall
fluctuations tend to manifest themselves as contractions and expansions of the
dry zone. To a lesser extent, such coherence can be observed across the
entire continent, especially on multi-year time sales. In the 1950's for
example, rainfall was above average in 65 of 84 regions» subnormal rainfall
was limited to equatorial regions, such as east Africa. In a later period,
1968-1973, drought prevailed and rainfall averages for the six years were
below average in 68 of 84 regions» positive anomalies were generally small
and confined to equatorial regions.
The meteorological droughts are of course also reflected in streamflow
regimes. In large parts of West Africa runoff is not perennial and presents
great interannual variability. There is a close dependence between floods and
rainfall ratest a rainy year may give manageable runoff if rains are properly
distributed in time and a dry year may induce high floods from rain
concentrated in a few days. Nevertheless, the persistence of deficient
rainfall for fifteen years in the whole Sahel has led to an overall stream
flow deficit that is very severe» also, runoff has varied widely in time and
space. The year 1968 presented the greatest deficit (except in Chad), with
amounts of less than 20 per cent of normal. In Chad the years 1972 and 1977
were the weakest. Some years had local excess runoff, for example the case of
the Niger in 1974, 1976 and 1980. The deficits of 1982 and 1983 are very
strong, especially in basins with shallow water tables.
Much of the streamflow in the Sahel comes from outside the Sahel zone
- the Senegal, Niger and Chari Rivers coming from wetter regions to the
south. These rivers, recorded and calibrated at the oldest stations since
1903, 1907 and 1932, have undergone a severe decrease of runoff during the
last fifteen years. For instance, the mean annual discharge of the Senegal
River at Bakel has been below normal since 1968 (excepting 1969 and 1974).
The situation is almost the same for the Niger River at Koulikoro, and the
discharge of the Chari River at Ndjamena has been systematically below normal
since 1965.
The average annual total water yield for all the rivers reaching the
Sahel is 125 billions (109)m3 approximately. For the period 1968 to 1982,
this average falls to 95 billions va?.
Such a deficit of 25 per cent
represents each year the equivalent of three times the assumed stored water of
the Manatali Dam in Upper Senegal basin.
The systematic weakness of annual floods is particularly catastrophic
for the crops normally watered by overflow. In the lower valley of Senegal
where the yield of sorghum is directly linked to the area of overflow
(ovalo's), the annual maximum height of floods since 1968 has been below the
mean for 13 years out of 15. The situation is the same for the inner lakes in
the Niger's interior delta (15°-17°N).
(1499M)
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For all these rivers the present drought appears more severe in
duration than the two others of the century (in the 1910"s and 1940*s).
Lake Chad has shown a systematic decrease of its level since 1963. At
that time the lake surface covered 23,500 km 2 and the volume of stored water
was of 105 x 10^ m^. in 1973, ten years later, the surface area had been
divided by three and the volume by four. Since this date, the lake has been
cut into two parts. The northern part dries up every year, with only a small
inflow through the "Grande Barrière".
Time series of precipitation in the sub-tropics are quasi-periodic in
nature (see Annex VI). Analysis of such series may contain periodicities
which are statistically significant. However, as these time series exhibit
apparently random changes in phase, they have no predictive value, and are
unlikely to be useful unless we can gain some insight into the underlying
physical mechanisms. Similarly, apparent trends in such time series have no
predictive value. What is clear is that drought is a normal component of
climate in parts of the tropics and sub-tropics. Economies in particular the
agricultural production systems, have to be versatile enough to endure them.
In summary, the observed fact about rainfall over Africa since 1968 is
that drought has been widespread, especially in the western part of
Sub-Saharan areas, (west of 5° W ) , and that this has been reflected in
diminished streamflow. In the northern Sahel, there has been an apparent
downward trend of rainfall since the high values of the 1950's, and there is
no sign that this downward trend is about to be reversed. The analysis of
available statistical data - admittedly not complete - does not support the
idea that such a trend can be relied on to continue, nor is there evidence of
any kind of cyclical behaviour.
B.

Causes of drought»

can it be predicted?

The basic requirements for rainfall are the presence of water vapour
in the air, condensation nuclei around which water droplets form, and rising
air motion which promotes condensation (through cooling by transport of
moisture to cooler air aloft).
The factors promoting drought are thus absence of available water
vapour or condensation nuclei, or the presence of sinking air motions (called
subsidence, which arises from large scale atmospheric flows as part of the
circulation of the entire atmosphere). Also, rainfall tends to form in
organized atmospheric disturbances (squall lines), so that an additional
promoting factor of drought is the absence of such systems.
While meteorologists are aware of these general conditions necessary
for formation of drought, the quantitative details of the conditions necessary
for the onset and duration of drought are not yet known.
Studies with numerical models of the atmosphere have supported the
hypothesis that changes in surface properties (such as reflectivity, or soil
moisture) may contribute to the persistence of drought in the Sahel. An
increase in surface reflectivity over a limited area (caused for example by a
decrease in vegetation from overgrazing), produces a relative cooling of the
surface and atmosphere, and a reduction in precipitation. Other modelling
work has demonstrated that a reduction in soil moisture could also lead to a
reduction in rainfall. When the surface becomes dried, there is less
(1499M)
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évapotranspiration, and less moisture available for precipitation. In one
such modelling study, the formation of rain-bearing disturbances was inhibited
when part of the land surface was assumed to be initially dry rather than
wet. However, upper air observations just before, during and just after the
passage of rain systems in the Sahel, indicate that some portion of the water
vapour that produces rainfall has its origin in upper air masses that move
from the Atlantic Ocean toward the Sahel. More complete information on the
origin of water vapour that falls as rain must be obtained as a prerequisite
for further study of the incidence of drought.
Two cautionary remarks on the use of models should be made. First, in
order that the model's response may be distinguished from the fluctuations
which are part of the model's natural variability, the imposed changes are
made much larger, and more extensive than, for example, those observed
recently in the Sahel. Second, many of the relevant physical processes are
represented in the models in a simplified manner. Although numerical models
can thus be used to identify qualitatively the processes contributing to
drought, they cannot yet be used quantitatively.
A possible further mechanism for the occurrence of a drought situation
may be the presence of a deep layer of dust. Such a layer, i.e., the Saharan
Dust Layer, can reduce the downward radiative flux into the desert, while at
the same time increasing the heating of the atmosphere. This indicates a
stabilizing effect of dust on the rate of lower level temperature decrease
with height, leading to a possible positive feedback mechanism, i.e., the
stable layer inhibits convection, thus preventing removal of the dust layer,
and perpetuating the thermally stable situation. This hypothesis, however,
should be tested by a numerical model and a start has been made in this
direction.
One area of active research is the effect of changes in tropical sea
surface temperatures on atmospheric circulation. It has been calculated that
the amount of energy, transported over large distances by ocean currents, is
of the same order of magnitude as that transported in the atmosphere by latent
and sensible heat transfer. Since sea temperature anomalies may persist for
several months, they may have some predictive value for atmospheric
processes. It is known that warming of the equatorial East Pacific (El Nino)
is associated with changes in the longitudinal circulation in the tropics, and
many of these changes have been reproduced in numerical models. Although
several major el Nino's have coincided with dry summers in the Sahel (1972,
1982), other events (for example, 1957) have occurred when rainfall in the
Sahel was above normal (but below normal in the two sub-equatorial belts).
Further observational and numerical work has considered the effects of
anomalous sea temperatures in the tropical Atlantic and Indian Oceans. As
yet, no clear relationship has emerged between tropical sea surface
temperatures and drought in Africa, although some of the results have been
encouraging, for instance in Senegal. Natural climate variability in the
tropics is less marked than in high latitudes, so there is some potential for
predicting the mean behaviour of the tropical atmosphere for the periods of a
month to a season ahead. However, changes in boundary forcing (for example,
sea surface temperature) do not account for all the variability in the
tropics.
In the long term, i.e., many decades from now, it is possible that
carbon dioxide increase may alter climates in Africa. Studies of the effect
of such increase give no consistent picture of regional changes in
precipitation, though there is qualitative agreement on latitudinally averaged
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changes.
It is highly improbable, however, that the increase of carbon
dioxide to date has contributed significantly to the recent dry conditions.
At present, the meeting concluded, it is not yet possible to predict
either the onset of drought or the end of the present phase of dry conditions
in Africa. Hence it is good strategy for all African nations to take measures
to protect themselves as far as possible against the continuation of drought,
or the recurrence of drought in those areas that are currently better off.
C.

Are sufficient data available for the analysis and warning of droughts?

Several examples were given of the inadequacies of meteorological data
in Africa, failings which result in very slow detection and warning of
droughts, and in handicaps to research on the causes of droughts. Three
inadequacies were emphasized:
1.

The decay of the upper air network during the past 10 years,
resulting in much less atmospheric data which are required to
detect and analyse drought patterns. Such data are essential in
analysing the dynamics of drought, without which prediction will
never be possible.

2.

The unavailability of timely surface meteorological data, either
because observations are not taken regularly in many locations,
or because the observations are not disseminated properly.

3.

The decay of long-term surface networks associated with
insufficient maintenance of the installation, resulting in an
incomplete time series of observations needed to describe
climatic variations.

The meeting strongly recommended that governments of African countries
with the assistance of the WMO, take prompt action to ensure that: (i) the
necessary meteorological data are observed regularly and disseminated promptly
to the operational and research communitiesj
(ii) the necessary data are
available to detect and warn governments of impeding drought conditions» and
(iii) the causes of drought are studied. The Group also supported the efforts
of the WMO to coordinate on-going activities throughout the world in
monitoring the climate system to detect and warn of climatic events and
variations that may significantly affect human activities. Some specific
examples were droughts, El Nino effects, and volcanic activity.
D.

Can drought be significantly ameliorated by rainmaking?

It was unanimously agreed that little could be expected of
precipitation enhancement (rainmaking) as a partial solution to the problem of
African drought. The usefulness of operational rainmaking has not been
clearly demonstrated.
In isolated successful experiments, such as those
conducted
in recent times in Israel, the existence of favourable
meteorological conditions existed for cloud seeding, which are not applicable
to the African continent.
In African regions affected by drought, subsidence results in clouds
without the potential to respond to seeding or, frequently, in the occurrence
of clear skies. Cloud seeding cannot create clouds.
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The Committee therefore concluded that operational cloudseeding to
produce rain was not economically justified at the current time in Africa
because resources could be diverted from other measures which are more likely
to alleviate the effects of drought. In exceptional circumstances where
rainmaking might be considered practical, the procedure should be carefully
scientifically controlled.
Even in the event that seeding might be considered a practical
proposition, its indiscriminate application without prior establishment of the
downstream environmental consequences of precipitation enhancement, and
determination of the
legal implications
resulting
from
changes of
precipitation or of river water in states adjacent to those conducting the
experiment, could aggravate the problem
rather
than
alleviate it.
E.

Practical Countermeasures

Although drought cannot yet be predicted, and although no practical
method of enhancing precipitation appreciably is yet available, much can be
done by African nations and international organizations to mitigate drought's
worst effects. These practical measures are recommended:
1.

The deterioration of the data-gathering networks must be
immediately reversed. It is especially important to maintain
rainfall and hydrological observing stations (using paid
observers), and to restore the radiosonde network to the point
where the dynamics of drought can be analysed—and possibly
predicted.

2.

National meteorological services need adequate financing, so
that they can achieve the above reversal, and also provide
better information and early warning services, for the purposes
set out below:
(i)

The application of meteorological knowledge can lead to
better use of the water available from rainfall and
irrigation, which is variable in space and time. Such
better use of available water will combat the effects of
drought and alleviate its impact, therefore reducing the
chance of famine.

(ii) A number of techniques which apply meteorological
knowledge are now available to help alleviate the effects
of drought. These techniques can be applied to both the
planning of agricultural production systems and to
farmers' agricultural operations in the course of the
season.
A few examples are given in the following
paragraphs.
(iii) Probability distributions of rainfall amount and timing
can be developed from existing series of observed data.
These distributions provide information on the beginning,
the end, and the length of the rainy season and on the
amount of available water during the season.
Such
knowledge is necessary for the introduction of new, more
productive, and more drought resistant varieties of
different crops, for the introduction of improved farming
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Systems or crop rotations, and for the choice of
appropriate agricultural machinery.
They will also
serve for the selection of practices to combat
desertification.
(iv)

Analysis of accumulated temperature, humidity and wind
data is a prerequisite for the efficient cultivation of
irrigated crops grown outside the rainy season. These
data also permit rational orientation of fire breaks,
necessary to protect scarce grazing land in semi-arid
areas.

(v)

Knowledge of rainfall and potential evaporation combined
with information about soils, sowing dates and other
agricultural parameters permits meteorological services
to make running observations and give probability
outlooks on the water balance of crops throughout the
growing season. This information can be immediately
applied to farming operations such as weeding, thinning,
ridging and the rational application of fertilizers,
once the crop is established, even though at present it
is impossible to provide reliable information on the
onset of the rainy season in any one specific area. It
also permits assessment of the productivity of natural
pasture.

(vi)

Rapid analysis and dissemination of observations of
recent past weather (4 to 5 days), as it affects the
development of some agricultural pests and diseases,
permits farmers to take crop protection measures in good
time when such measures are necessary and to delay them
when they are not required, thus increasing production
and reducing farming costs. Information on crop water
requirements of irrigated crops can now be supplied with
a precision comparable to the precision of the
application
of
water,
thus
avoiding
gross
over-irrigation and maximizing agricultural yield per
unit of scarce water.
It will also reduce the
desertification of irrigated land through salinization.

(vii) An early warning system to detect meteorological drought
and provide input to determine agricultural drought can
be developed on the basis of the above mentioned
agrometeorological information.
(viii) Some of the above mentioned applications have been tried
on research stations and in irrigated areas throughout
Africa. Application of these techniques to raingrown
crops is at present being tested in a pilot project in
Mali in the context of the CILSS AGRHYMET programme.
First results show a very positive acceptance of
agrometeorological information by the pilot farmers.
(ix)
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such information
on
a
larger
scale,
meteorological and agrometeorological services will
need, in addition to an adequate number of trained
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day-to-day operations, including notably the payment of
rainfall
observers
and
the
cost
of
radiosondes
(balloon-borne
instruments
to
measure
upper
air
conditions).

3.

(x)

The proper application of this information requires
inter-disciplinary
efforts,
notably
between
the
meteorological, the agricultural, the crop production
and the livestock husbandry services. In some countries
this is achieved through the establishment of a high
level interministerial agrometeorological committee.

(xi)

To increase practical application of agrometeorological
knowledge, especially about the water balance for
agricultural crops and pasture, further information on
the mechanisms of rainfall in Africa (and indeed on the
dynamics of the weather systems) is required.
Such
information will permit scientists to make better use of
water
available
for
agriculture.
In particular,
knowledge is required on the proportion of water that
comes from evaporation by the land itself and that which
is brought in at high altitude from air over the
oceans. Research on this theme, through fairly precise
measurements of the flow of water vapour through the
"walls" of a series of imaginary boxes of air, can be
undertaken provided adequate observations are continued
to be made. These observations combine information from
satellite images, weather radar and ground based
measurements.
The latter requires inputs from rain
gauge networks and upper air sondes which form part of
the routine programme of observations of National
Meteorological Services. Financial provisions for such
measurements to National Meteorological Services should
be assured.

The need for drought planning. Drought is an inevitable part
of climate in many parts of Africa. All available scientific
evidence indicates that its temporal and spatial occurrence is
still unpredictable. Therefore, there is the need for the
African nations to establish drought control plans that are
capable of ameliorating the consequences of drought.
Such
drought
control
plans
are
necessarily
of
an
interdisciplinary
nature,
comprising
economists,
agriculturalists, hydrologists, experts in human sciences and
health services, and many others as well as meteorologists.
Emphasis should be placed on the establishment of climate
research groups to continuously monitor the occurrence and
progress of drought, at least on seasonal basis.
Such
monitoring of drought can be used to forewarn farmers and the
governments of possible severe drought.
The drought control plans should contain provisions for the
implementation of specific actions to detect drought and to
help alleviate its effects on agricultural production, as
detailed in Sec 5E.
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6.
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CLOSURE OF THE MEETING
6.1
Agenda Item 6
6.2

The Director, WCP, thanked the participants and observers for a
constructive meeting. The Chairman reiterated these thanks,
and extended them to the Director and his staff. Rarely had
scientific consensus been reached so quickly.

6.3

The meeting adjouned at 1500 hrs on October 7th.
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EXPLANATORY MEMORANDUM RELATING TO THE PROVISIONAL AGENDA

1.

ORGANIZATION OF THE SESSION
1.1

Opening of the session

The meeting will be opened on Thursday, 6 October at 10.00 a.m. in
Salle II in the WMO Headquarters, avenue Giuseppe Motta, No. 41.
1.2

Approval of Agenda and Working Arrangements

The Expert Group will be invited to approve the agenda and to elect a
chairman.
The Group will also decide on working hours and other
arrangements for the meeting. The working language will be English.
2.

working

REVIEW OF ACTIVITIES ON THE IMPLEMENTATION OF THE ECA RECOMMENDATION
ON CLIMATIC SITUATION AND DROUGHT IN AFRICA

The ECA Resolution 14(iv) was briefly discussed in the WMO
Secretariat, and a provisional programme for the implementation of the ECA
Resolution was drawn-up by a co-ordination committee chaired by Mr. Rasheed
from ECA.
Copies of the ECA Resolution and the proceedings of the meeting of
this co-ordinating committee have already been circulated to members of the
Group. The Group is invited to consider this programme for its implementation.
3.

REVIEW OF CURRENT SCIENTIFIC KNOWLEDGE ON DROUGHT IN AFRICA

This subject is the main purpose of the meeting. Reference is made to
the revised review paper prepared by Professor Hare for inclusion in a general
assessment report intended for submission to the UN General Assembly, and to
the report of the Technical Conference on Climate in Africa. A copy of
Professor Hare's report has been sent to all members of the Group. As a basis
for the discussion, all members of the Group have been invited to prepare a
short paper on their present knowledge of the problem.
4.

CONCLUSIONS AND RECOMMENDATIONS

The meeting will summarize its views on the problem and define
responsibilities for the preparation of Overview Papers on various aspects of
drought. These Overview Papers will be discussed at a multi-disciplinary
meeting to be held later in November/December 1983» the latter meeting will
prepare a comprehensive document on the state of knowledge on the subject for
presentation to the proposed ECA Round Table meeting in February/March 1984.
5.

ADOPTION OF REPORT

6.

CLOSURE OF SESSION
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ANNEX III
Resolution 14 (IV) The climatic situation and drought in Africa
The Conference of Ministers

Recalling its resolution 239 (XI) of 23 February 1973 on the Sahelian
drought,
Aware that drought, which had affected the Sahel region in the 1970s
is now seriously affecting 34 African countries» 24 of which are among the
least developed and some of which are located outside the Sudano-Sahelian
region and the Kalahari desert region,
Realizing that drought is now a chronic natural phenomenon whose
causes, frequency, trends are currently difficult to control and must be
studied scientifically,
Conscious of the linear relationship between drought, desertification
and under-development,
Further recalling its resolution 446 (XVII) of 30 April 1982,
Deeply concerned about the worsening climatic situation and dire
effects of recurring drought, erosion and famine on the peoples of Africa and
on the African economy in general,
1.
Urgently
requests
the
Executive
Secretary of the Commission to organize special scientific round table to
which all member states of the Commission would be invited. The round table
would consist of national experts from the interested invited countries as
well as international experts on climate, land, water and soil resources,
ecology and the environment, on the problems of the climatic situation in
Africa with a view to examining the causes, periodicity, trends and effects of
drought on the African economy and to proposing measures that can be taken in
the short-, medium- and long-term to deal with the problem/
2.
Appeals
to
the
relevant
United
Nations organs, organizations and bodies such as the World Meteorological
Organization, the United Nations Environment Program, United Nations
Educational, Scientific and Cultural Organization, the United Nations
Sudano-Sahelian Office, the Food and Agriculture Organization, the United
Nations Development Programme, the Organization of African Unity and other
relevant inter-governmental and non-governmental organizations to collaborate
actively with the Economic Commission for Africa in this urgent task/
3.
Calls upon Governments to give high
priority, through both financial and manpower allocation, to the problem of
understanding climatic variability in their countries in order to facililtate
advance planning for drought, erosion, famine and its related effects/
4.
Requests the Secretary-General of the
United Nations to provide additional resources to the Commission to enable it
to undertake this most important task/
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5.
Further requests the Executive Secretary of the Commission to
submit a report on the outcome of the scientific round table on the climatic
situation in Africa to the nineteenth session of the Commission/tenth
Conference of Ministers;
6.
Calls
upon
the
international
community,
bilateral
and
multilateral aid donors to grant increased financial resources to the
countries affected by drought and desertification and to the institutions
engaged in combating these phenomena.
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ANNEX IV
ECA Scientific Round Table on Climate and Drought in Africa
Preparatory discussions on 14 June 1983
Provisional Report
1.
The discussion started on 14 June 1983 at 09.00 in the
Secretariat, Geneva» Dr. Tom Potter, D/WCP welcomed the participants.

WMO

The following persons attended*
Sadig Rasheed
P.E.O. Usher
Z. Seiner
T.D. Potter
Hassen Saïdi
N.A. Gbeckor-Kove
D. Rijks

ECA
UNEP
UNSO
WMO
WMO
WMO
WMO

2.1
The ECA Conference of Ministers, in its Resolution 14 (iv) urgently
requested the Executive Secretary of the Commission to organize a special
scientific round table on the climatic situation and drought in Africa, to
which all member states of the Commission would be invited.
2.2

The goals of the ECA Round Table meeting are
i

to give a scientific explanation of the climatic aspects of
drought, to examine its causes and periodicity, and to ascertain
if any trends are discernible/

ii

to examine the effects of drought on the African socio-economic
systems/

iii

to propose practical measures in
long-term to deal with the problem.

the

short-, medium-,

and

These goals arise from the fact that present scientific explanations
of drought in Africa are fragmentary and incomplete. The early 1970*s drought
was confined to relatively few countries in the Sudano-Sahelian zone of
Africa. In contrast, 34 African countries are now being affected by drought;
of those, 24 are in the group of LDC's. The questions arise*
-

is Africa undergoing major climatic change» if not, what is the
scientific basis for the rapidly spreading drought pheomenon?
is rainfall variability changing with adverse consequences on
the already poor food and agricultural output?
how can drought be effectively combatted in the short, medium
and long term?
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2.3

Participants in the Round Table would be*
-

top ranking experts from ECA member states
other top ranking international experts
representatives of UN Agencies
representatives of selected intergovernmental organizations
representatives of non-governmental organizations and institutions

2.4
The ECA Conference of Ministers had appealed to WMO, UNEP, UNESCO,
UNSO, FAO, UNDP, the OAU and other relevant intergovernmental and
non-governmental organizations to collaborate actively with ECA in this urgent
task.
3.1

The actions to be taken to achieve the goals aret

3.1.1

-

to review and evaluate the current scientific knowledge on
causes, periodicity and trends of climate variability and
change, and their effects on climatic drought» to describe these
in a user-oriented manner.

3.1.2

-

to review and evaluate the effects of drought on the
socio-economic systems in african countries, and in particular
on land and water management, ecology and the environment.

3.1.3

-

to study the effects of population pressure and man made factors
on the effective agricultural drought and on the socio-economic
system.

3.1.4

-

to propose measures that will alleviate the effects of drought,
including the definition of farming systems and land use systems
that would contribute to a new equilibrium between observed
climatic variability and the increased level of the population.
The definition of such systems would require work by a
multidisciplinary team.

3.2.1
It was observed that some of the earlier work such as the UNEP
desertification conference and the WMO Technical Conference on Climate Africa were relatively little known outside meteorological circles and should
be made more widely known.
3.2.2
It was agreed that, in the different analyses, a clear distinction
should be made between meteorological/hydrological drought and agricultural
drought, but that also the close relations between these should be stressed.
Drought should be distinguished from aridity and desertification but the close
inter-relationships between these should be carefully examined. It was agreed
that in different areas the effects of similar climatic variability could, or
could not, result in agricultural drought.
4.

Responsibilities of the Organizations and schedule

4.1
A co-ordination committee is established consisting of Dr. Rasheed,
ECA, Chairman, and representatives from UNEP, UNSO and WMO. The committee
agreed that preparation for the round table should proceed in the following
manner.
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4.2
WMO will call a meeting of experts in climate and drought to prepare a
document as described in 3.1.1 in September/October 1983, in Geneva.
Financial resonsibility rests with WMO. Other organizations are invited to
attend, but will support the costs of attendance of their representatives.
This meeting will be followed by a meeting of the co-ordination committee,
which will then define responsibilities for the preparation of overview papers
for the Round Table on the major subjects and on the summaries of national
reports.

4.3
UNEP will call a multi-disciplinary meeting to be held in
November/December 1983 at UNEP headquarters to analyze and discuss the
prepared documents by the experts in the different disciplines and to prepare
a document as described in 3.1.2. Most experts will be funded by their
respective organizations. UNEP and UNSO will explore means for funding the
other costs of the meeting. It will be followed by a meeting of the
co-ordination committee to decide on the content of the overview papers and
the choice of resource persons to prepare them.
These persons will
participate in the Round Table as discussion leaders. The coordination
committee will also make all final plans and arrangements for the round table.
4.4
The Round Table meeting will be hosted by ECA in Addis Ababa in
February/March 1984. ECA will accept responsibility for a part of the
organizing costs, but will require some assistance for the cost of
interpretation and of the editing and production of the final report.
The total amount required for the Round Table through "pooled funds"
from participating organizations is estimated to be:
participants from LDC's
documentation, report
organizing costs
experts, Chairmen of Session

60k
25k
25k
10k

Participants from other than LDC's will be at the charge of their country.
All participating national experts are expected to submit a paper reviewing
national aspects of the drought situation in their country, its effects, and
measures to relieve the adverse effects. A report on the outcome of the round
table and its Recommendations will be presented to the nineteenth session of
the Commission/tenth Conference of Ministers. The final report will comprise:
-

Executive Summary, conclusions and recommendations
The overview papers
Summary of national contributions
Summary of the discussions of the Round Table

This will be published in the three official languages of ECA and widely
distributed.
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4.5
An inter-agency meeting will be called by ECA on 25 July 1983 in
Geneva, to discuss proposed actions and to assign responsibility for the
preparation of working documents in each of the areas of disciplines for the
multi disciplinary meeting. These documents will describe the state of
knowledge, sources of information, gaps, and tasks to obtain necessary further
information for each discipline, as described in 3.1.2. Agencies will be
requested to indicate their potential financial contributions to the "pooled
funds" for the round table, referred to in 4.4.
4.6
The Round Table will be followed immediately by the meeting of
ECA/OAU/UNDRO on natural disaster prevention and preparedness.
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ANNEX V
La sécheresse en Mauritanie et son impact socio-économique
(by M. Ketata)
1.

INTRODUCTION

De part sa position géographique à l'extrême Nord-Ouest de la zone
soudano-sahélienne, et à la limite même de l'activité du régime de mousson, la
Mauritanie reçoit des quantités de pluie qui décroissent rapidement du Sud
vers le Nordt 600 mm à 50 mm par an en moyenne. Le gradient pluviométrique
moyen est de l'ordre de 1 mm de pluie par km.
De plus la variabilité interannuelle des pluies est tris grande si
bien que la notion d'écart à la normale n'est pas représentative. On exprime
le déficit pluviométrique en pourcentage de la normale.
2.

LA PLUVIOMETRIE DE 1968 A 1983

Comme les autres pays du Sahel, la Mauritanie a connu des déficits
pluviometriques dLmportants depuis 1968, et en particulier en 1972 et 1977 où
la pluviométrie enregistrée n'a atteint que 30 à 40% de la normale calculée
sur 1941-1970.
Les courbes de variation annuelle des pluis ainsi que les moyennes
mobiles montrent une tendance en baisse durant la décennie 1970 avec une pente
plus ou moins forte suivant les stations.
Si l'on exclut les deux améliorations relatives observées au milieu
(1975) puis vers la fin de la décennie 1970, où les pluies ont été voisines de
la normale dans quelques stations du pays, on peut estimer le déficit
pluviométrique à 35-40% de la normale durant toute la période.
Dans les régions de cultures pluviales situées dans le Sud-Est du
pays, les pluies ont été le plus souvent tris inférieures à la normale. Les
surfaces inondées par le fleuve Sénégal ont été assez souvent réduites ce qui
limite les possibilités de cultures de décrue.
L'espoir affiché vers la fin de la décennie 1970 s'est estompé et on
assiste de nouveau depuis 1981-82 à une diminution spectaculaire de la
pluviométrie. La saison de 1983 semble présenter les mêmes caractéristiques
que celle de 1972 et 1977, avec en plus le fait qu'elle intervient après 15
ans de sécheresse plus ou moins accusée. Le niveau du fleuve Sénégal est le
plus bas depuis plusieurs années.
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3.

IMPACT SOCIO-ECONOMIQUE DE LA SECHERESSE

Il serait difficile d'analyser dans ce cadre tous les aspects de
l'influence de la sécheresse sur les facteurs socio-économiques. On se
limitera à énumérer quelques points saillants évoqués au cours des discusions.
3.1
On a observé en quelques années un grand déplacement des populations
de la campagne vers les villes et surtout vers la capitale qui a vu sa
population décupler entre 1975 et 1982.
3.2
Les éleveurs qui concentraient leurs troupeaux dans le sud du pays, en
saison sèche, sont actuellement obligés de les déplacer en plus grand nombre
vers le Sud du Sénégal et le Mali à la recherche de pâturage.
3.3
Le problème de l'eau se pose avec de plus en plus d'acuité dans les
oasis du Nord du fait de l'abaissement du niveau des nappes.
L'alimentation des
difficultés insurmontables.

villes

en

eau

potable

pose

également

des

3.4
Le dessèchement des lacs et des mares se produit plus rapidement au
cours de la saison sèche et réduit ainsi les possibilités d'alimentation en
eau du bétail.
3.5
On assiste à une augmentation rapide des vents de sable. Les
statistiques du service météorologique ont montré que le nombre de jours de
vent de sable a atteint une moyenne de 192 jours par an durant la décennie
1971-80.
3.6
Les dunes de sable envahissent les villages, les routes et l'accès des
villes. Des villages entiers sont abandonnés à cause de l'ensablement.
3.7
La population des gommeraies dans le Sud-Ouest (arbre que produit la
gomme arabique) a beaucoup diminué ces dernières années.
4.

CONCLUSION

Ces quelques points de repère permettent d'attirer l'attention sur la
gravité de la sécheresse dans ce pays sévèrement touché par la désertification.
Il s'agit
irréversible?

(1499M)

de

savoir

si

ces

phénomènes

présentent

un

caractère

- 27 -

ANNEX VI
(by L.J. Ogallo)
Drought is an inevitable part of climate, especially in semi-humid
environments. Climate on the other hand is generally the ensemble of weather
conditions. In this respect, statistical approaches to drought study are
inevitable. However, there are a number of problems associated with an
indiscriminate use of statistical methods. The general expectation often is
that nature conforms to certain statistical expectations. So far, two general
statistical approaches are usually used to understand aspects of drought.
These are correlation and time series analysis. A basic assumption of most
statistical methods is stationarity: the future climatic fluctuations will
conform to the past and present patterns. However, it is a well known fact
that natural climatic variability means that time series are not stationary.
Even if they were, population changes, industrial development, agricultural
expansion, and other changes in the human system, will likely have significant
influence on future climate, overriding present and past statistics. Thus
such statistical methods are not appropriate forecast techniques.
As much as these methods should be encouraged, care is needed in
interpreting their results.
Correlation analysis for example seeks a
cause-effect relationship but it may be difficult to separate the cause from
effect. The tendency with many researchers, therefore, is to extrapolate
results based on simple regression analysis.
On the other hand, if
correlation analysis is used cautiously, especially in seeking an association,
it may provide a useful insight on the nature of the causes.
The statistical concepts of time series are based on specific
assumptions which generally do not conform with nature.
Moreover, the
climatic records available in many African nations are too short for very
useful time series analysis. It may be noted that non-seasonal periodic
fluctuations have not been observed in nature in the climatic elements.
Another statistical approach is that of persistence forecasting. In
many areas of the world, the results of such methods serve to enhance dynamic
predictability. In Africa, multi-year persistence is strongly evident in the
Sahel region, especially in its northern extreme, but probably not elsewhere.
There has, in fact, been little investigation of this phenomenon in the Sahel,
but it is unlikely to provide long-term predictability, although it may
eventually serve to give warning within a season of continuation of a drought.
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