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ABSTRACT

The Niger River Basin is situated in a geographic area with a

climate which imposes a long dry season each year and is particularly

harsh on the vegetation cover due to greatly reduced moisture avail-

ability.

Furthermore, the study area is struck by recurrent droughts

having devastating effects. In addition to causing human suffering and

animal death, the droughts have drastic impact on the hydrology of the

river and the fragile environment, playing havoc with the underdeveloped

economy of the basin countries.

To alleviate these adverse effects, the present study attempts

to examine, from a water resource manager's point of view, the experi-

ences as well as the potential feasibility of some proposed drought-

control measures. Control measures of emergency relief, water conserva-

tion and water supply are studied, including their legal, institutional,

socio-economic and financial aspects in the Niger Basin.

These measures integrated in a contingency plan should also be

part of a long-term development strategy to enable the basin countries

to better withstand the effects of future droughts by providing self-

sufficiency in food production, rehabilitation of the environment,

and economic development.

ix



CHAPTER 1

INTRODUCTION

Subject Definition and Delineation 

The drought of 1968-1974 that struck Intertropical Africa had

most of its consequences in the Niger River Basin. The Niger River is

the largest river in West Africa. With a length of 4,200 km, it drains

a vast basin (more than 2 million km2 ) between latitude 4oN and latitude
20°N on one hand, longitude 12°West and 15 °East on the other. The Niger
and/or its tributaries flow into ten countries: Algeria, Benin (formerly

Dahomey), Cameroon, Guinea, Ivory Coast, Mali, Niger, Nigeria, Chad and

Upper Volta.

The present study attempts to examine the preliminary feasibility

of some measures, mainly surface water oriented, to alleviate the impact

of drought on the environment, the uses of the water and the institu-

tional and legal aspects in the Malian part of the basin. Because of

availability of data and other pieces of information, the study will be

directed mainly to the Republic of Mali and some neighboring countries.

Drought control measures intended to minimize the impact of

droughts (forecast and warning, emergency relief), water demand reduc-

tion measures (legal aspect, production adjustment, water conservation)

and water supply measures (development of new supply, conjunctive use of

groundwater and surface water) will be studied. If possible their

1
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technical, economic, social and political feasibility will be demon-

strated.

Because of the underdeveloped nature of the study area, the

above measures must also be used in coordination with developmental proj-

ects. Water resource development is among the few alternatives to

promote economic development, particularly in the northern Sahelian part

of the Niger Basin. Accordingly water resource projects must be designed

and operated with due consideration for controlling drought. Lastly,

the drought combatting measures must be organized into contingency plans

which themselves must be part of long-term development planning concern-

ing the Niger Basin as a whole.

The concept of drought has a different meaning depending on

whether it is regarded as a scientific discipline or has a water user

oriented viewpoint (Yevjevich, Hall and Salas, 1977).

Due to the major rural influence on water uses in the basin

under study, and because we are dealing mostly with human problems, it

is appropriate to adopt the definition given in 1957 by Foley (Heathcote,

1973).

A period of rainfall deficiency, extending over months or years

of such a nature that crops and pasturage for stocks are seri-

ously affected, if not completely burnt up and destroyed, water

supplies are seriously depleted and dried up, and sheep and

cattle perish.

When a major drought occurs in the Niger River Basin, it affects

everyone at the same time. In effect, the persistence, severity and

geographical extent are such that there is agreement between all water
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users and all scientific disciplines concerning their occurrence (Rodier,

1975).

Limitation in Data Collecting 
and Data Records 

The hydroclimatic data most available concerns temperature,

precipitation and runoff. In addition, for certain years, humidity and

evaporation may be tabulated.

The variables most used in this study will be the annual and

monthly precipitation, the annual and monthly runoff, the maximum dis-

charge for 24 h, the minimum discharge for the dry season and the monthly

temperatures. Data collection of the above variables is very difficult

because of the high space-time variation (for example precipitation)

between small distances. Unfortunately, the density of gages is very

weak, particularly in the northern part of the basin more subject to

recurrent drought. For example, in Mali, there is only one rain gage per

2,500 km
2 

(World Meteorological Organization (WMO) advises one per 600

to 900 km
2 

for tropical flat land, Shaw and O'Connell, 1976), one cli-

matological station (measuring also temperature, humidity and evapora-

tion) per 12,500 km
2 

and one synoptic station (observations on all

meteorological variables) per 27,000 km2 (Franquin, 1967; Nauta, 1973).

Except for four stations installed since the beginning of this century

(Segou, Sikasso, Kabara and Tombouctou) most of the rain gages were put

in service during the early fifties and sixties. The same remark can

be made for most hydrometric stations. However, Koulikoro station has

been in function since 1907. Although the hydrologic network is one of
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largest south of Sahara, the area of coverage per unit station remains

very large in Mali, 5,000 km
2
. All Sahelian stream tributaries of the

Niger River are not well known because of peculiar difficulties of use

of hydrometric stations. Difficulties include little access during

rainy season, instability of channels, problems of gaging high flows or

being on-site at the most advantageous time. The information obtained

may give only indication on some reaches because of hydrologic degrada-

tion (Sircoulon, 1976). For both rainfall and runoff variation, there

are some "gaps" in the records of some stations. Furthermore, the data

may contain either random or systematic errors (change in the environment

of the gage, inadequate technique).

Methods of Analysis 

To describe the climate, use will be made of Turc's estimate of

evapotranspiration and of its relation to precipitation. For hydrologic

analysis, frequency study will be performed on average flow, peak flows

and low flow using experimental or theoretical distributions. Statisti-

cal methods and physical methods (relation between drought and other

geophysical phenomenon) of drought forecasting will be examined to assess

their applicability to the Niger River Basin.

Flood hydrograph, and irrigation demand will be determined to

help reservoir studies involving preliminary reservoir size determination.

Whenever possible, cost-benefit analysis will be applied and environmen-

tal impacts investigated. Social and human constraints will be examined

to assess how they affect the type and method of drought combatting.

The study will be organized as follows:
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• The remainder of Chapter I will describe the general physical

characteristics of the Niger River Basin with an emphasis on the

river course, geology, soil, climate, and hydrology. This

chapter will also demonstrate how the physical characteristics

were seriously affected during the recent historic droughts.

• Chapter 2 will present the prefeasibility analysis of drought

alleviation measures classified as impact-reducing, water demand

oriented and water supply oriented. For each category, problems,

experiences and possible improvements of the existing measures

are first exposed. These are followed by a preliminary assess-

ment of the feasibility of new measures.

• Chapter 3 will be a summary of conclusions and recommendations.

General Physical Characteristics 
of the Niger River Basin 

Description of the Niger Course

The Niger River rises in the highlands of Fouta Djalon in the

Republic of Guinea, within 500 km from the Atlantic coast (see Figure 1).

It then flows northeast into the Republic of Mali where it enters a flat

country. Here, joined by its major tributary from the southwest, the

Bani river, it floods almost 80,000 km
2 of the "Inland Delta" (a vast

area of alluvial deposit between Segou and Tombouctou). The Niger then

forms a bend, feeds several lakes and swamps before it is deflected by

the Tossaye ridge from which it flows southeast to the Republic of Niger.

For 130 km, the Niger River forms the border between the Republic of

Niger and the Republic of Benin. It then enters the Republic of Nigeria.
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In the central part of the Republic of Nigeria, the Niger is enlarged

by its biggest tributary, the Benué River, which originates in the high-

lands of southwestern Chad and western Cameroon. From the confluence

with the Benué, the Niger flows southward another 550 km to reach the

Atlantic Ocean at the Gulf of Guinea. This entry is through a complex

delta system of islands and divergent channels extending inland about

150 km from the Coast.

The Niger River Basin

With 4200 km of main stem and 6000 km of tributaries, the Niger

River drains a vast basin shared by 10 countries (see Figure 2). Al-

though the main channel of the Niger River flows through five countries,

Guinea, Mali, Niger, Benin, and Nigeria, a number of tributaries and

ephemeral washes extend its basin to include relatively small areas of

Ivory Coast, Upper Volta, Chad, Cameroon and Algeria.

The Niger River is fed by the rain which falls during the rainy

season, May to October. Average annual rainfall varies from over 1500

mm in the south to less than 300 mm in the north (Figure 3).

Precipitation in the Niger River Basin as in the whole of West

Africa is the result of interactions between two air masses (Sircoulon,

1976),

• The continental tropical air, hot and dry, coming from north or

northeast of the Sahara Desert. It is called "Harmattan."

• The marine tropical air, unstable, moist and relatively cool

originating from the anticyclone of Saint Helena. This air is

coming from the southwest and is named "monsoon."
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The contact between these two air masses is the Intertropical

Front (F.I.T.) which follows some seasonal movements in relation with

those of anticyclones (Figure 3). In January its position is toward the

south (5-6°Latitude N) whereas in July-August its position is more
northerly (20°N Latitude). Precipitation regimes depend on the movement
of the F.I.T. in a sense that given a certain latitude, the duration and

amount of precipitation are a function of the lag between the northern

and southern movement of the F.I.T. Hence the more the F.I.T. is toward

the north, the more precipitation there will be (Maiga, 1973). Only one

dry season (October to April) and one rainy season (May to September)

exist. Four main precipitation regimes are distinguished (Office de la

Recherche Scientifique et Technique Outre Mer (ORSTOM), 1970) (Table 1

and Figure 4):

• The North Sahelian regime (as illustrated by Tombouctou) receives

less than 300 mm of rain per year and the rainy season lasts

only two months (generally from mid-July to mid-September).

• The South Sahelian regime (exemplified by Mopti) where the annual

precipitation is between 300 and 750 mm. Here the rainy season

extends over to three to four months (August being the most

humid).

• The North Sudanian regime (exemplified by Bamako) with an annual

precipitation between 750 to 1200 mm during five months of the

rainy season (mid-May to mid-October).

• The South Sudanian regime (Sikasso) where the rainy season (six

months) surpasses the dry season in length to give an annual
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Figure 3. Atmospheric circulation and annual precipitation
over West Africa (source: Sircoulon, 1976).
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rainfall between 1200 and 2000 mm. Interannual irregularity of

rainfall may be expressed as the ratio of the precipitation value

of 10% and 90% exceedance frequency. This ranges from 1.5-2.0

(Sudanian) to 2.5 (South Sahelian) to 3.0 (North Sahelian and the

desert) (Rodier, 1964; Frecaut, 1974).

Potential evapotranspiration (E.T.P.) is estimated by the Turc

formula which is the most convenient for the dry climate of West Africa

(Tabeaud, 1980). The Turc formula is written as follows:

, 	t 	)
E.T.P. = (RG + 50) * 0.40 * k t + 15

where

E.T.P. is the Potential Evapotranspiration in mm;

RG is the global radiation in cal/cm2/day;

t is the average monthly temperature in ° C;

50 and 15 are constant;

0.4 is a coefficient for months of 30 and 31 days; it reduces

to 0.37 for February.

When relative humidity is less than 50% the above formula is multiplied

by ( 1++ 50 - Hr ), where Hr is the mean monthly relative humidity (Remen-

ieras, 1972).

Values of potential evapotranspiration for the stations chosen

in the Niger River Basin are also summarized in Table 1. It is seen

that these values vary with the latitude. In effect, they increase from

1805 mm at Sikasso in the southern part of the basin to 2411 mm at

Tombouctou in the north. As a consequence of moisture availability and

(1)
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actual evapotranspiration, three types of situations exist in the Niger

River Basin:

• The Desert, north of 18°Latitude north; water balance of soil

is always negative, vegetation cover is practically nil, or at

most meager.

• The Sahelian domain; water balance is deficient and shortage of

water leads to nomadism. One exception in this zone is the

Inland Delta where water balance is positive during part of the

rainy season with some compensation of water coming from upstream

and from dew formation.

• The Sudanian domain; precipitation is less irregular and dry

season is relatively short. Water balance of the soil is posi-

tive for at least three months and there is no important shortage

of water (Tabeaud, 1980).

The above classification may be matched by Thornthwaite classifi-

cation in the following way. The Desert and the Sahelian domain corres-

pond to Arid (A 1 E), north and south Sudanian corresponding respectively

to semi Arid (A'D) and subhumid (WC). The major climatic and hydro-

logic classifications are summarized in Table 2.

Hydrologic Characteristics
of the Niger River

The Niger River can be divided into 4 hydrologic parts (subbasins):

• the Upper Niger and Bani (from the headwaters up to Segou);

• the Inland Delta (downstream from Segou up to Tombouctou);
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Table 2 ..____Cliroatolosicl 	 ass i fications.

Mean
Annual

Rainfall
mm

Koeppen
(1931)

Thornthwaite
(1948)

Aubreville

(1949)

Orstom and Rodier (1964)

Meteorologique Hydrologique

O _ Saharien Désertique

100 ___Désertique Saharien

200 __ BW
Arid Sahélien Nord Sub-

Désertique
300 ___ Sahélo-

400 A'E Saharien

500 _2,
.

Sahélien Sud Sahélien

600 __. Steppique
Sahélo-

700 __
BS Soudanien

800 -

900 __ Semi-Arid

1000 __ A'D
Soudanien I Tropical Pur

1100 __ De Savane Soudano-

1200 __ AW Dry Sub-
Guineen

1300 _ Humid A'C

1400	 ___

1500 __.

Moist Sub- Soudanien
II	 et	 III

Tropical
de

TransitionHumid AC

1600 __

1700 	 Au Dessus de 8° - 9°
1800 —

De Mousson
AM

Humid
A'B

Latitude N

1900 	

2000 _
Libéro-

Dahoméen

Equatorial
de

Transition

(Source: Davy, Mattei and Solomon, 1976)
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• the Middle Niger (from the outlet of the Inland Delta, i .e.,

Tombouctou, up to Yelwa in Nigeria);

• the Lower Niger and the Benué (from Yelwa up to the Delta).

The Upper Niger and Bani. The Niger River collects most its

waters in this subbasin where both rainfall and slope of streams are

high. The Koul ikoro gaging station is representative of the flow

regime (Figure 11). For a mean annual discharge of 1540 m3/s, the flow

rate can vary from a range of 18-137 m 3/s in April to 6000 m3/s in Sep-

tember and October. The river regime shows accordingly a long and

severe period of low flows (October to July) and a short period of

high flow (August to November).

This regime corresponds to the transition tropical regime (ac-

cording to ORSTOM classification; see Table 2). The combined flow of

the Niger at Koulikoro and that of the Bani at Douna bring, on the

average, a total of 70 bill ion m3 into the Inland Delta (Rodier, 1964).

The Inland Delta. Between Segou and Tombouctou extends a large swampy

and flat area of alluvial deposit in a semi arid zone. This area of multiple

channels and lakes plays an important role in regulating the flow of the

river. In effect, it acts like a huge flood-control reservoir for down-

stream reaches but at the cost of very high evapotranspiration losses.

Of an average annual inflow of 70 bill ion m3 , only 50% reaches Dire

(Figure 1). The remainder represents mostly evapotranspiration and some

slight groundwater recharge. Peak discharge of 6000 m3/s at Koulikoro
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is not only reduced to 25% (2350 m 3/s) at Diré but also is delayed by

two to three months (December-January). Moreover, at Diré, the river

regime becomes a little more regulated.

The Middle Niger. From Diré the river flows eastward up to

Tossaye where it is deflected in a southeasterly direction. The inflow

of tributaries (some of which like Tilemsi are ephemeral) compensate

just slightly for the evapotranspiration, so that the average annual

streamflow is reduced to 1020 m 3
/s at Niamey (Figure 12). The maximum

discharge at this station stays at 2000 m3/s and occurs in January-

February, or about one month after that of Dire. . However, the period

of low flow is not only slightly shorter but also some years the Niger

River may receive 5 to 25% more water from its tributaries from Upper

Volta during September (Rodier, 1964). Local rainfall may cause a

secondary peak at Niamey during wet years. The influence of local

rainfall is more noticeable at Malanville (Benin, next to Niger-Nigeria

border) where the secondary peak due to tributaries from Benin may

surpass the February peak from Mali during wet years. Compared to

Niamey, the mean annual discharge is increased by 20% (1255 m 3/s) at

Malanville. Here, low flows are higher (60 m3/s instead of 41 m3/s)

and occur during a shorter period.

The Lower Niger. From Malanville into Nigeria, the Niger River

will gain more and more tributary inflow that change the monthly distri-

bution of its runoff and increase the mean annual flow of the main
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channel. In effect, the local or "white flood"
1 

predominates over the

"black flood" flood from upstream). At Jebba, after the confluence

with the Sokota River, the mean annual discharge amounts to 1600 m
3
/s.

After Jebba, the Niger River receives the Kaduna River and the regime

of the Niger at Baro reflects the increased flow (mean discharge of

2525 m
3
/s and maximum of 9000 m 3/s in September-October; Figure 5).

The "black flood" maintains an abundant low flow. At Lokodja, the

Niger River is joined by its most important tributary, the Benué River,

which has a mean annual discharge of 3400 m
3
/s. From this confluence

to the delta, the Niger Flow regime represents the superimposition of

the flow of Niger at Baro and that of the Benué. Accordingly at

Onitsha, the regime of the River Niger is that of transition tropical

type (Table 2), with a progressive increase of low flow, a maximum

in October, and a relatively fast flood retreat. However, the reces-

sion remains constant with important low waters of 1500 m
3
/s in May.

Finally, the Niger arrives at its delta with a mean discharge of

7000 m3/s or 220 billion m3/year. Figure 6 depicts the Niger River

system.

The Niger River and Neighboring Aquifers. The Niger River flows

in a Precambrian peneplain (Niger shield), the elevation of which is

generally less than 500 m. However, locally this peneplain is dominated

by some highlands of 500 to 1000 m, in the southwest (Fouta Djalon),

northeast (Mount Hombori, Adrar of Iforas and Air) and in the southeast

1. White because of the silt content of the water which gives

a whitish appearance.
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Figure 6. Schematic representation of the annual discharge
of the Niger River system (source: Holmes and
Narver, 1968).
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(Jos Plateau and Mount Cameroon) (Figure 7). Most of the basement is

made up of Precambrian rocks (metamorphic rocks with some crystalline

intrusion) (Figure 7). The basement is overlain by several strata of

sedimentary rocks, Paleozoic sandstones, Intercalary Continental (sand

and red marl from Permian to Cretaceous),marine deposits (sandstones,

marl and limestone), and Terminal Continental (post-Eocene superficial

formation where sand and sandstone are predominant). The floodplain of

the Niger River is made up of Quaternary alluvium (sand, silt, clay with

lenticular zones of gravel) which is mainly developed in the Inland Delta.

The Precambrian basement in the south contains little water.

The only existing aquifers are that of the alluvium and that of weathered

paleozoic rocks. The hydraulic conductivity varies from 0.1 to 0.9 m/h

in the alluvium. In general it is higher than that of the paleozoic

formation, 0.0006 m/h (Saad, 1971). During the dry season (November to

May), the streamflow of Niger River and its tributaries in the south is

sustained by the groundwater. The base flow ranges from 18 to 135 m 3/s

for a mean discharge of 1,545 m
3
/s at Koulikoro, near Bamako (Office de

la Recherche Scientifique et Technique Outre Mer (ORSTOM), 1970).

Hydraulic properties of the aquifers were given by pumping test done at

Sikasso by Saad (1971) (Table 3).

In the Inland Delta and the north and northeast, the Niger com-

municates with two important aquifers, the Terminal Continental which

extends from the river up to 21 °N and the Intercalary Continental, most

important in the east.
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The hydraulic properties of the Terminal Continental are also

summarized in Table 3. In this aquifer, the static level of wells goes

from 188 to 300 m (above mean sea 1 evel ) . After Saad (1971 ) , the net seepage

from the river is the most important factor in the recharge of the

Terminal Continental. Using water balance equation between Ke-Macina

(downstream from Segou) and Gao, a reach of 705 km, Saad (1971) estimated the

seepage from the river to the Terminal Continental to be about 7.3

km
3
/year. He also estimated that 1.8 km

3
/year of infiltrated water from

the banks are returned to the river at the beginning of the recession

whereas the ground water contributes to river flow for about 0.14 km
3
/

year during the dry season. Evaporation losses less local precipitation

amounts to 26.9 km3/year (Saad, 1971).

From water quality measurements of the Continental Terminal

aquifer, Saad (1971) noticed an increase in the TDS in the river (less

than 100 mg/1) to north of the river, toward Taoudenit (more than 5,000

mg/1). Saad (1971) also reported that the wells near the river regis-

tered a higher percentage of CO; (between 50 and 150 mg/1) compared to

the other anions, CI - (10 and 50 mg/1) and S074 (10 and 150 mg/1). Among

the cations, Na
+ 

has the highest concentration.

Severe Droughts and Effects in
the Niger River Basin

The Niger River Basin is subject to recurrent droughts in its

northern Sahelian part at both historic and geologic time scales. In

addition to imposing human suffering and animal death, droughts have
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devastating effects on the hydrology of the river, the fragile environ-

ment and the less developed economy.

The 1968-1974 drought in the Sahel is the most recent among a

series of similar events that have been experienced over centuries in

the Niger River Basin. In effect, during the twentieth century, two

other major droughts occurred in 1907-15, and 1940-49. Further in the

past, drought famines in the Niger Bend were traced back to 1617 and

they included the droughts of 1639-43, 1669-71, 1711-16, 1738-43 or

1756, 1770-71, etc. (Shove, 1973). Of all these historic droughts, the

1968 drought is the most documented; therefore, it will be described in

more detail. Some comparisons to the previous droughts can be made in

terms of severity, duration, frequency and impact.

Deficient Precipitation. From 1968 to 1974 precipitation was

below average. The drought seems to have started in 1968 since the

year 1967 had a total precipitation largely in excess of the annual

average in all Sahelian regions. However, the Niger Bend experienced

some deficiency in the annual precipitation amount since 1965. From

1970, the drought extended over large areas and several rain gaging

stations were at their absolute minimum annual rainfall. The core

of the drought itself occurred in 1972 and 1978. Figure 8 indicates

the magnitudes of the deficit in most of the Niger Basin. In 1974

the rainfall returned almost to its "normal" values. For the main

precipitation regimes defined earlier, the overall deficit during the

drought were as follows:
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Figure 8. Deficit of annual rainfall in the northern part
of the Niger River Basin (source: Sircoulon,
1976).
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• For the north Sahelian and desertic regimes (average annual

rainfall less than 300 mm), the deficit was up to 75%; record

lows ranged from 45 to 80 mm with a recurrence interval between

50 and 100 years.

• For the south Sahelian regime (annual rainfall between 300 and

750 mm), the deficit was also severe, between 25 and 60% with a

return period in the order of 10 to 50 years.

• For the Sudanian regime, the deficit was slight, less than 45%

in general with a return period between 10 and 20 years reaching

rarely 50 years (Sircoulon, 1976).

Table 4 shows also an irregular time distribution of rainfall

(Figure 9). In effect, for Sikasso in the south, not only April is in

excess (+ 27%) but from May to July there is an decrease of rain contrary

to "normal" conditions. The same observation can be made for Mopti but

with one-month lag, May being in excess of its average (+ 8%) and decrease

of rainfall from July to August (usually peak of the rainy season). As

compared to other sequences of historic droughts (1907-16 and 1940-49),

the 1968-74 drought exhibited the same characteristics as pointed out

by Sircoulon (1976):

• a considerable spatial extension (from Sénégal to the Horn of

Africa;

• a persistence of several years with the core during two to three

years (1911 to 1913, 1940 to 1942, 1972 to 1973), and an excep-

tional severity with return periods between 20 and 100 years.

The drought also inflicted a severe runoff.
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Severe Runoff Characteristics. The runoff aspects of the

1968-74 drought will be analyzed in terms of the annual runoff, the

flood peak and the annual minimum flow in the framework of the differ-

ent subbasins (Upper Niger, Inland Delta, and Middle Niger). From

1970 to 1974 the runoff of the Niger River was deficient, as indicated

by Tables 5 and Figure 10.

• The hydrographs of the Niger River at Koulikoro (Figure 11)

reflect the reduced flow in the Upper Basin.

In 1972, the Niger discharged only 11'10 m 3/s at Koulikoro (- 26%). Its

tributary, the Bani River, was even more deficient (- 74%), its mean dis-

charge for 1972 being only 168 m
3
/s (647 m 3/s in an average year). In

1973, the deficit was worse for both the Bani (- 76%) at Douna and the

Niger at Koulikoro (- 39%) with a recurrence interval between 30 and 40

years, respectively.

The maximum annual discharge reached only 3820 m 3/s in 1972 at

Koulikoro (against a mean of 6100 m3/s), the lowest value after the "1913"

peak of 3560 m
3
/s. The minimum discharge reflects best the extreme

severity of the streamflow. On the Upper Niger and Bani, Koulikoro has

the lowest minimum discharge in 1973 with 16 m3/s (return period between

50 and 100 years) and Douna in 1974 with 1 m3/s

• In the Inland Delta only small portions of the 50,000 km
2 

usually

inundated were flooded because the stages of overflowing were not

reached. Moreover, the lakes were not fed and some, like the

Faguibine, were at their lowest level known in human memory. At

Diré the outflow mean discharge was only 711 m
3
/s (or 22.4



(1)

•r-
C:C

Cr)
9-.••

CL)
-C

•zzl-
73-9.

C.1

01 °

r-

LC)

1.0
CnI

r-

LC)

t.0

•n".1-

CY)

C71
Cr)

(C)
Cs)

01

4-)

LC) CO CO
CO

cu

CnJ

_C
4-)

0
4-)

Crt	 •

°-"-

cr,
CO
-F

1.0
r-

I

C \J
CV
+

CLI

X CO 1••

C.)
CT) °

0

4-) 	•
•r- 4-)

•s--	 CT) (t)
4-
CU 0

-C)	 S. -
r—cn(vs =

0 N••• Cr)
4- d- 0 •c1- CO
4- r-•••
0 CT) s._

n:3

L. )
r.

,--

tO 01

I
5.- co

tio
rO

„,

• ,—

Q.)
C -C
MS 4-) CD CD CD

4- Cr)
0

•r-

to
 C‘.1

CL) E
s-

0
0

0

0
%.0

..
,—

CD
CD

r	 ..
0

S- CV 0 CD
O r- I-- 1,-.

•r-
4-)

C
•r-

0 V)
> CO

LLI CO

0

LC) S- MS 0 4-)
O 4-) S-

CL) S.. •,— •r- cr S-	 0.)

-0
4-,
MS 0

V,—

(1)
Cr)	 (1:5

o
----

•r-
C
ro
co cl

E
crs

z z

CY)

z

31



-20

Niger at Niamey

-40
.5

-60

/

Bani at Douna
_

1969	 1970	 1971	 1972	 1973	 1974

-80

-100

32

Year

Figure 10. Evolution of annual deficit of runoff in the
Niger River Basin during the 1968-74 drought.
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billion m
3
) for an inflow at Koulikoro + Douna of 1278 m

3 
(or

40.3 billion m 3 ), indicating, however, a decrease in the overall

loss by evaporation in the Inland Delta (less than the usual

50%). In 1973, the mean discharge at Dira was further reduced

to a record low of 560 m 3
/s or 17.7 billion m 3 (return period

of 50 years) while the inflow at Koulikoro + Douna was 34 bil-

lion m3 . The peak flow decreased to 1710 m3/s in 1972 at Diré,

with a return period between 50 and 100 years.

• For the Middle Niger at Niamey, the runoff deficit worsened from

1970 to 1974. In effect, the mean discharge went down from 737

m3/s in 1972-73 to a record low of 605 m3/s (- 39%) in 1973-74,

with a return period of 50 years. The hydrographs of Niamey

during critical years are illustrated by Figure 12. The annual

peak flow was also low, 1500 m3/s with a return period between

10 and 25 years. The minimum discharge fell to 0.600 m 3/s in

1974, with a return period between 50 and 100 years (Figure 14).

Hydrologic observations have been made on the Niger River at

Koulikoro since 1907 and on the Senegal River at Bakel since 1903. These

records permit comparison of the recent drought in terms of runoff and

other events of this century. Considering only the mean discharge on a

one-year basis, "1972" or "1973" appears to have been as severe as "1913,"

with "1940" being the least deficient (Figure 13).

Figure 14 is the plot of experimental frequency (exceedance) of

the annual peak floods as well as of the mean annual discharge and the
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minimum flows. As can be seen on the graph, all these drought events

have a return period 50 and 100 years.

Effects of Drought on Environment and Economy. Past droughts in

the Niger River Basin had devastating effects both on environment and on

humans. Riparian populations still remember their catastrophic impacts

on the loss of human life, drop in animal population, and reduction in

the agricultural production. In addition, irreversible effects were

observed such as physiological damage to children, and irreparable eco-

logical damages. These negative effects were described mostly qualita-

tively for the last drought (1968-74) for which a summary will be given

(Berg, 1975).

Human suffering and ecological damages: The death of about 100,000

people was attributed to the drought in 1972-73. The rate of death went

up, especially among children, less resistant to famines and illness

because of the high rate of malnutrition. Other children suffered

physiological damage such as permanent brain damage. Human suffering

and unhappiness were caused by frustrated productive efforts, scarcity

of food, persistent uncertainty about the future, and large-scale migra-

tions.

Ecological damage is reflected by the degradation of soils and

changes in plant cover. As a consequence of the high temperature and

the reduced humidity in the soil, the life-giving organisms die. The

top soil composition is modified and destroyed, leading to plant death

and to dust carried by the wind. It is not clear whether these changes

are permanent (caused by a climate change) or simply induced by men
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(overgrazing, excess cultivation, destruction of forest by wood-cutting).

The present situation results from a basic imbalance between men, ani-

mals and a particularly delicate environment.

Reduction in agricultural production: In addition to human suf-

fering, there was a loss of one-third of the livestock caused by animal

death, premature slaughter and animal export. There was a reduction in

the production of food crops. For example, millet production declined

by one-third in 1973-74 in Mali and the rice production fell from 171,000

metric tons in 1967-68 to 116,000 tons in 1972-73. Cash crops (cotton

and groundnut) also decreased by one-third. Fish catch at Mopti dropped

from 140,000 tons in 1969 to 45,000 tons in 1974 (Winstanley, 1976). As

a consequence of the above losses, the government revenues declined and

the balance of payments deteriorated due to reduced exports and increased

food import.

Explanation of the Drought. Drought in the Sahel (including a

major portion of the Niger Basin) are recurrent phenomenon documented

along a historic tiffe scale. Climatic oscillations (pluvial and dry

periods) during the Quaternary were also recorded in the Niger Bend

(Tricart, 1959; Blanck, 1968).

Climatologists explain the recent drought by a reduced advance

of the F.I.T. (Intertropical Front) toward the north, blocked in the

latitudinal migration by the unusual strength of the circumpolar vortex

(cool high pressure westerlies formed by descending cold air from the

north pole). This variation in the general atmospheric circulation over

west Africa is related to the tropospheric temperature gradient between
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the Equator and the Pole (Landsberg, 1975). In effect the magnitude of

this gradient affects the position of the subtropical high pressure of

both hemispheres. The higher the gradient, the more southerly the

position of the circumpolar vortex, and the northerly movement of the

F.I.T. (generating rain) is less. Climatologists evidence no agreement

on drought causes (Barbier°, 1977). Differences note whether the tem-

poral variations of the atmospheric circulation are triggered by changes

in output from the sun (solar flux) or changes in transparency of the

atmosphere (carbon dioxide content, dust from wind erosion, volcanic

dust) or changes in the character of the part of the earth surface

(increase in polar ice, cooling of ocean area, increase in albedo). It

is not clear whether the above variations are simply short-term phenome-

non or are signals of long-term climatic change.

Summary 

The Niger River Basin is under the influence of the tropical

climatic regime in which dry season and low streamflow are manifestations

of normal climatic conditions every year. In effect, both rainfall and

runoff analysis indicated a long dry season every year which inflicts

particularly harsh conditions for the environment. The analysis of

rainfall as well as runoff data show that the last drought (1968-74) has

a return period between 50 and 100 years. As compared to other droughts

of the same geographical extent, the 1968-74 drought was of the same

severity as "1913," both being more devastating than "1940." In sum, the

occurrence of drought in the Niger River Basin is such that it constitutes

a "normal" climatic characteristic. These recurrent conditions require
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livestock herders and other citizens to prepare for and be in a position

to alleviate the negative effects of drought, particularly if it is

economically and technically feasible.



CHAPTER 2

PREFEASIBILITY OF DROUGHT ALLEVIATION
MEASURES IN THE NIGER RIVER BASIN

Drought alleviation is a complex problem for which no single

solution has proven satisfactory in all situations. The main approaches

to relieving the adverse effects of a drought from a water resource

manager's point of view are summarized by Yevjevich (1967, 1977) as

follows:

• minimize the impact of the drought effects by providing new

and/or improvised supply of water (temporary structure);

• reduce the consumption of water by appropriate economic,

technical and legal measures.

The aim of this chapter is to analyze the potential feasibility of some

of these alternatives in the context of the Niger River Basin. To be

effective, drought alleviation in the study area should stress the

following points:

• First, ways and means have to be found to utilize efficiently

the available supply of rainwater and runoff during years of

severe drought for the existing water-use system. Emergency

measures must be developed and integrated into contingency plans

to deal with a drought situation.

42



43

• Second, contingency planning must be integrated into drought-

resistant development of water resources to promote economic

development. This will provide self-sufficiency in food produc-

tion, improved social well-being and rehabilitation of the

fragile environment. Such a strategy would enable the basin

countries to better withstand future droughts.

This study will examine alleviations measures that have been in

practice but not in wide use. Only a preliminary assessment will be

given to the proposed measures due to the complexity of drought allevia-

tion. Extensive research and investigation in the field is required.

Moreover, contingency plans have to be prepared on-site by a joint

effort of water resources managers, scientists and engineers on the one

hand, and the local populations on the other, particularly within the

framework of new water resources projects, inasmuch as local populations

are more aware of their environment and social conditions.

Drought planning and management is recognized as a mix of legal,

institutional and technical measures. Problems and proposed solutions

for rain-fed agriculture and irrigation will be emphasized and exempli-

fied by the Republic of Mali and neighboring countries.

Measures to Minimize the Impact of the Drought 

These measures are aimed at avoiding devastating consequences.

They include forecasts, predictions, and warnings of drought as well as

legal, institutional and educational measures.
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Forecasts and Warnings

It would be tremendously helpful if one could predict a drought

event in terms of its location, its time of occurrence and its magnitude

so that drought-management measures could be prepared. Unfortunately,

no reliable techniques have been developed to permit a long-term fore-

casting (say, several months to one year) of severe drought.

Analysis of available hydrologic data in the basin permits the

detection of neither a climatic change nor periodic variations; if these

exist their amplitude is so small that they will not be any help to

predict future drought (Roche, 1973). In effect, the Niger River at

Koulikoro with the longest record in the basin shows no cycle in its

annual runoff despite some short-term series of randomly increasing and

decreasing yearly runoff (ORSTOM, 1970). Giraud and Rossignol (1973)

applied spectral analysis to the annual precipitation data at Dakar (in

the same climate), but they did not find any periodicity in the 73 years

of record. Needed detail of the short-term weather forecast is not

feasible past a few weeks since the "atmosphere scrambles itself to a

point where there is practically no recognition of its initial condition

after two to four weeks" (Schneider and Temkin, 1977). The only remain-

ing prospect is in the comparison of synoptic situations of oceans and

over continents providing a long tiffe lag between processes affecting

water cycle on the ocean on one hand, and on the continent on the other

(Yevjevich, 1967).

It is doubtful that even this approach, requiring a large amount

of data, would make the forecast of the drought possible. The need for
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a large technological means (satellite, computers) further limits use

of this approach due to costs. Large organizations such as the ASECNA

(Association pour la Securité de la Navigation Aérienne en Afrique) in

West Africa or WMO at the world level are in a position to bear the

cost of data collection of this magnitude.

In conclusion, as for floods, the prediction of drought does

not seem feasible for medium- (months) or long-term periods by any means

available. The "probability statement (from frequency distributions)

is the only information left for the prediction of what would be expected

in the future" (Yevjevich, 1981). This statistical approach assumes

temporary stationarity for hydrologic variables in the next 100-200

years. It also presupposes that inference of the future from past sam-

ples is possible provided that inconsistencies (systematic errors in

data), sampling variations and nonhomogeneous effects (by human and

disruption by nature) are properly taken into account.

Although drought forecasting is not feasible, the close monitor-

ing of precipitation, runoff and soil moisture can be done and special

official alerts by meteorological and hydrological services can be

published. This may take the form of a statement about rainfall and/or

runoff deficiency as compared to the average, to inform the citizens

and the government on conditions which could lead to a drought. For

this purpose, WMO has helped the Sahelian states build a weather monitor-

ing center (AGRHYMET) in Niamey (Niger). This center receives satellite

photo and synoptic data from weather ground stations. After computer-

ized processing, the information is sent back to the Sahelian State
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Meteorological Services. What is lacking is an efficient dissemination

of information from meteorological and hydrological services to the

water users, the farmers and stockherders, in particular. Accordingly,

better coordination between the existing drought institutions and local

people is needed. The official alerts should avoid alarmist situations

in which people will not distinguish between dry spells and real

droughts. On the other hand, the statements about rainfall, runoff and

soil moisture must indicate not only the onset but also the evolution of

a drought situation. For this purpose, more research is needed.

Legal and Institutional Aspects
of Drought Alleviation in the
Niger River Basin

Legal and institutional constraints arise not only because of

the problem of perception of drought by administrative authorities but

also because of the time lag between the beginning of a recognized

drought by authorities and the implementation of the efficient drought

control measures. In addition to a lack of defined land and water

rights vested to individuals, there is no real participation of culti-

vators in the management of water development projects. Administrative

recognition of a drought often comes several months after the beginning

of a real drought. This is partly due to the fact that "droughts are a

creeping type of disaster. Their effects are built up slowly" (Yevjevich,

1975). In 1973, Sahelian governments declared their countries disaster

areas several months (in April 1973) after the core (rainy season of

1972) of the drought. Furthermore, in absence of ready contingency

plans, an additional delay occurs between the assessment of drought
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impacts and their consequent relief programs. In light of the lessons

drawn from past experiences, first a strengthening and improvement of

the existing water resources, and second a specific drought institutional

arrangement are needed.

Strengthening and Improvement of Present Water Resource 

Administration. A national water policy including a drought strategy

is needed. As regards water resource development, this policy would

define objectives, determine means and methods, implement appropriate

projects and other actions, and evaluate its outputs. Water-related

institutions at all levels of the administrative structure (nation,

region and village) would be arranged to produce maximum efficiency.

In 1976, the National Water Advisory Committee was created in

Mali. Its activities have an impact at all levels of the governmental

hierarchy. It is made up of representatives of water users (agriculture,

livestock services, defense, industry, health service) and water sup-

pliers (Water and Power Services, Rural Engineering Department). The

purpose of this committee was not only to coordinate ongoing water

resource programs but also to better organize water services in general.

Unfortunately, the committee lacks a clear and defined water policy.

No systematic inventory of water requirements of the country as a whole

has been made, nor has planning for medium- or long-term periods been

considered. No specific drought-mitigation measures have been addressed,

nor have regulations concerning the use of water been defined. 1 Further,

1. The CIEH (Interafrican Committee for Hydraulic Studies) in
1975 published a study for a project of decree concerning the regulation
of water use in its member states. To the author's knowledge, this
regulation has not yet been adopted.
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colonial texts, traditional customs, and Moslem texts are all presently

sources of water law.

An integral part of a Mali water policy would include strength-

ening the organizational structure and functions of the National Fund

for Water. The author believes that some aspects of development of

small water projects (village and livestock projects) could be financed

through this fund. Financial resources from government and donations

should be managed by the Department of Water and Power with the advice

and supervision of the Water Committee mentioned above. This fund would

be used to purchase elementary equipment (cement, pumps and engines) and

to insure the proper operation and maintenance (spare parts and fuels)

of the existing and planned waterworks.

Rural populations can be educated to water resource problems if

a participatory role for citizens is institutionalized. Citizen parti-

cipation should be encouraged at all points in the decision-making

process.

Villagers should be encouraged to participate through their

representative organizations (village councils, cooperatives), and to

provide a statement of their present and future needs for water. This

statement should play an important role in the broad planning goals of

increasing the productive capacity of the village (water resources,

arable land, trees and grazing land), improving the social well-being

of farmers (education, health and nutrition, and adequate housing), and

improving the management of grazing areas by a control of land and water

use. Urban dwellers should be encouraged to participate and to assess
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their needs for water (water supply system, drainage ditches, waste

water evacuation). Each quarter should have its own small advisory

group which would be represented on the municipal council for water

problems.

Once the needs have been delineated and administrative authori-

ties have developed alternative plans, concerned citizens should be

involved through information releases and public meetings. Citizens'

concerns and interests should be carefully considered by officials before

making any final choice. Once implementation has begun, citizens should

be kept aware of the timing of construction and be encouraged to parti-

cipate in the evaluation of project benefits. In summation, efficient

planning as well as operation and maintenance of water projects must be

motivated by the interests of the citizens themselves and aided by the

administration in the form of technical support, supervision and

financing.

The above outlined policy to strengthen the existing administra-

tion and management of water resources is based upon a sharing of the

decision-making process by citizens and government. Implementation of

such a policy will depend on the general political orientation of the

government on the one hand and the degree of confidence in the bureau-

cracy by citizens on the other hand. Strengthening of the existing

administration of water resources must be done in close conjunction with

the development of a specific strategy for mitigating drought impacts.

Specific Drought Institutional Arrangement. There are two

specific institutions in the study area at the African level: the CILSS
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(Comité Interetats de Lutte contre la Sécheresse au Sahel, Permanent

Interstate Committee for Drought Control in the Sahel), and the Club of

Friends of the Sahel, at the world level. The CILSS was created at

Ouagadougou (Upper Volta) in September 1973 to coordinate international

relief programs for the Sahel. It is made up of 4 member states of the

Niger River Basin (Chad, Mali, Niger and Upper Volta) and 4 other states

(Gambia, Cape Verde Islands, Mauritania and Senegal). The CILSS evolved

as the development planning body for the Sahel Region. In addition, the

CILSS set up one weather-monitoring center at Niamey (Niger) and one

research center, the Institute of Sahel at Bamako (Mali). At the world

level, the Club of the Friends of the Sahel bring together the inter-

national donors (states and organizations) and Sahelian States to

coordinate the financial help needed for the planning of the integrated

development of the Sahel Region.

At the state level, in Mali for example, two kinds of non-

permanent organizations exist:

• A national Committee for the Victims of the Drought. This

committee is involved in food and health assistance programs,

and exists for the duration of the crisis.

• An Interministerial Committee presided over by the Ministry of

Rural Development. This committee formulates and coordinates

drought programs of the CILSS in the production section and

functions for the period of time programs are needed.

The institutional and financial arrangements made to cope with the

drought in the study area are still faced with major problems, despite
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the efforts already accomplished. Forty-one percent of the rehabilita-

tion programs of the CILSS remained without financing. ' At the State

level, Malian drought organizations need better coordination. Implica-

tions of the actions of these committees have ramifications down to and

including village level. Greater use of these organizational efforts

requires even more efficiency. Accordingly, these committees must be

involved in the information and education as well as planning programs.

In effect, information and education measures are among the best alter-

natives since they make farmers and other citizens as well as the govern-

ment aware of the nature of the drought and the need to plan for its

negative consequences (Dracup and Painter, 1978). The collection and

dissemination of information from meteorological, hydrological and

agricultural services will foster these committees to prepare contingency

plans. For this purpose, every village, every city and every administra-

tive structure (arrondissement, cercle and region) should have ready

scenarios to cope with the effects of droughts (Dracup and Painter,

1978). At least one annual meeting must be held (before or at the

beginning of the rainy season) to prepare the implementation of contin-

gency plans. These scenarios will be developed after accurate investi-

gation of alternative water supply sources and means of providing

additional emergency supply. These alternative measures will include

emergency drilling and rehabilitation of wells, water trucking, produc-

tion adjustment alternatives, general voluntary and mandatory water

1. Afrique Agriculture of January 1, 1981.
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conservation. All the above measures taken by the Drought Committee

should be approved by the population after extensive discussion concern-

ing them.

A drought committee at the village level may lack permanent

government representatives as medium-level technical agents are very

few in number. To increase middle-level assistance, it might

be possible to integrate the teachers of elementary schools in these

committees. This is further complicated as these civil servants may not

be on-site during the rainy season, as this season corresponds to vaca-

tion times for schools.

Therefore the preparation of contingency plans must be done

before the rainy season. Drought contingency plans will be easier to

implement when the members of the drought committees are present most

of the time in the villages. In areas benefitting from development

projects, the likelihood of the agricultural agent being on-site is

enhanced. Moreover, the villagers themselves might be more willing to

accept new changes if they are convinced that they will benefit from

these projects.

In summary, committees and drought contingency plans are prepared

with greater chance of success when interested farmers, highly motivated

extension workers or other civil servants actively participate on the

drought committee. Organizations through extension personnel reduce the

need for additional funds to finance the supplementary hours of work by

civil servants other than agricultural agents.
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Water Supply Oriented Measures 

Water supply oriented measures tend to increase the supply

during drought times by better use of existing water supply systems or

by the development of new supply systems.

Better Use of Available Rainfall

Rain-fed farming produces most of the staple food (millet, sor-

ghum and maize) and all the cash crops (cotton and groundnut). It is

important to find production adjustment techniques that reduce the loss

inflicted by a drought. Traditional measures and new measures designed

to take advantage of even the smallest supply of rain are summarized in

table 6. The feasibility of new measures used in East Africa have valu-

able implications for the Niger River Basin. Traditional measures most

often used to adjust to a drought situation include:

• measures to affect the cause of the hazard by altering the

pattern of precipitation;

• measures to adjust to the loss by suffering the negative effects

of drought;

• measures to modify the loss potential by reducing the vulnera-

bility of the crop to moisture stress.

While efforts are made to reduce the loss potential, little is done to

better utilize the existing rainfall supply. Changing cultivation prac-

tices deserves attention. In summary, the fatalistic perception of

drought by farmers and herders focuses on passive or reactive patterns

as a means to cope with a drought. Future actions should therefore
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emphasize active and better ways to popularize the changes in cultivation

practice, and drought farm adjustment techniques in general. These

include:

• selection of drought-resistant and short-growing-tire crops;

• water-harvesting techniques and supplemental irrigation;

• cultivation practices: tie ridging, weeding  and spacing to dimi-

nish competition by plants for scarce water, early sowing to

minimize the likelihood of moisture stress during critical stages

of the growth of the plants, replanting to take advantage of the

expected rain, intensive use of waterlogged part of the field

and stubble cultivation (Berry et al., 1971).

By virtue of their technical training, medium-level technicians

such as the agricultural extension agents will perform additional respon-

sibilities. To facilitate drought adjustment, agricultural extension

services will have increased activites to assist farmers in making

rational decisions during droughts and to disseminate technical informa-

tion on ways and means to increase the rainfall efficiency. Drought

adjustment training sessions might be held at a main administrative

center (cercle level in Mali) for the representatives of village, or of

drought committees. Demonstration sessions at suitably selected sites

may help overcome the numerous and strong prejudices of farmers. The

cooperation of general information services (radio, rural newspapers)

can be very helpful as demonstrated during the last drought. In order

to accomplish their specific drought-related tasks, medium-level techni-

cians must themselves acquire the best technical information available
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to understand the drought policy. These technicians are in short supply

relative to need. To achieve the needed information it is recommended

that temporary drought schools be held at a main administrative center.

This activity will ensure that technical information is properly trans-

mitted to the farmers. Such training will require additional funds for

its organization. Moreover, the increased activity of the small number

of extension agents will necessitate more means of displacement (vehi-

cles, fuel and per diem) and more demonstration equipment.

As one should not wait for a drought to occur to prepare the

demonstration sessions, the beginning of the rainy season might be used

to simulate a drought situation since the rainfall is generally lower.

Ways must be devised to assess the response of the farmer communities

to the drought extension campaigns, in order to improve the working

methods. Among the drought adjustment measures, irrigation is usually

thought to be a reliable means of producing food, since it remedies the

erratic regime of the rainfall. Experiences in Mali show that several

problems are encountered. Solutions will be proposed to better utilize

the available runoff during drought years.

Better Use of Existing
Unmanaged Runoff

During drought years, it is important to also efficiently use

the available runoff in existing irrigation systems to produce sufficient

staple food to cover the basic needs of the local people without import.

Existing irrigation systems will be described along with their problems

and their solutions; the feasibility of these will also be outlined.
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• Traditional irrigation methods make use of the flooding and the

recession of the river, and are practiced more regularly in the

floodplains of the Niger River and its tributaries, particularly

in the Inland Delta and its outlet. The rise and recession of

the river are used differently. In effect, under natural sub-

mersion, the rice germinates under the rain and then grows when

the flood water rises. Under flood recession farming, rice,

sorghum in particular, and corn are sown or transplanted when the

flood water recedes. The water requirement is met from soil

moisture reserve (Harlan and Pasquereau, 1969). For the natural

submersion the effective precipitation corresponds to 40 mm in

10 days including a storm of 15 mm in 24 h or 20 mm in 48 h

(Société Centrale pour l'équipement du Territoite, SCET, 1976).

The water required during flooding has been estimated to be

40,000 m
3
/ha (France, 1976). Subject to uncertain climatic and

hydrologic conditions (rainfall and runoff deficiency, runoff

excess), the yields are very low; the range is between 480 and

700 kg/ha (CILSS, 1979).

• The "controlled submersion" irrigation method is very similar

to the traditional one, the main differences being that this

type of irrigation is developed with additional structures con-

sisting of a dike, a canal and its gates. The controlled

submersion irrigation system consists of two types: the "variety

fringe method" and the "ring method" (Figure 15). In the former,

the various species of rice,"attached," "semi floating," and
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"floating" are located in the part of the basin where their

water requirements are most adequately met. In the "ring method"

inner embankments divide the fields into areas where standing

water can be maintained between upper and lower limits compat-

ible with "attached" rice growing. Controlled submersion requir-

ing 25,000 m3/ha yields about 1.5 tons on the average at a cost

of 100,000 to 250,000 F CFA/ha (CILSS, 1979).

Controlled submersion is handicapped even in a normal year by numerous

technical and socio-economic problems, among which the inadequacy of

hydraulic structures to water the fields appears to be one of the most

serious.

Drought adjustment of the traditional and submersion irrigations

are very much like those of the rainfall agriculture. The improvements

of these systems for better use of both rainfall and runoff during a

drought are reduced to the:

• selection of drought-resistant, quick-maturing seeds;

• utilization of low head pumps to adapt to variable water levels

in the river;

• building of small cofferdams (with protection screens against

rice-eating fish on inflow and outflow channels) to regulate

the entry and recession of the floods;

• adequate fitting of hydraulic structures; for example, deeper,

wider and cleaner canals;

• shifting of crop species in the perimeter under controlled sub-

mersion depending upon the stage of the water. For example, the
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replacement of floating rice by semi-floating rice and the latter

by "attached" rice, and the adequate management of hydraulic

structures for the opening and closing at the right time, depend-

ing on the frequency of water levels in the river.

Agricultural extension services will be required to insure the

proper application of all drought adjustment measures particular to

irrigated areas. Fortunately in most of these areas which can benefit

from development projects, technicians are available to supervise the

crop preparation. These agents will play an important role in providing

the necessary farm management techniques to reduce the vulnerability of

the crops to moisture stress. To this end, cultivation after the rainy

season is known to conserve soil moisture, thereby reducing the water

demand of the next season even if it is dry. Agricultural services

must also furnish drought-resistant seeds already tested in the research

and experimentation stations. It is understood that these improved,

cleaned and treated seeds have a high germination rate and require a

lower seeding rate to be accepted by farmers. Drought-resistant seeds

should be sown every year in all areas of low moisture availability

except during very humid years; whereas in regions of higher rainfall,

these seeds will be applied only during time of moisture deficiency.

Dry farming techniques must be encouraged for application even during

normal years in the semi arid regions to acquaint the cultivators of

these new methods and increase their readiness to meet a drought event.

In the Niger River Bend, small, low head, mobile pumps (7 to 10 H.P.)

are already in use. They are either owned by some wealthy individuals



61

or are provided to other farmers by development agencies such as the

Rice-Sorghum Action in the Gao Region. Available portable pumps with

capacity (up to 5000 m
3
/hr) could be used in "controlled submersion"

perimeters during drought times. Their cost effectiveness must be deter-

mined by the managers of existing projects by comparing the expected

crop loss in the event of a drought and the cost of providing, maintain-

ing and operating such pumps. Funds might be set apart or sought from

international donors to buy these pumps in the event of drought.

Cofferdams with screens against rice-eating fish have been built

on some traditional irrigated perimeters in the Gao region. Experience

has proved that farmers in this area accept participation with enthusiasm

by offering their labor force in building and maintaining these struc-

tures. Good management of hydraulic structures with the active partici-

pation of farmers is indispensable to take profit of the smallest runoff

available. The cleaning of canals and the repairs to the gates and other

hydraulic structures during the dry season should be undertaken by all

farmers with the technical and financial assistance from Government

Agricultural Services.

Better Use of Large-Scale Irrigation

under Full Control of Water

In this system, water supply and drainage are guaranteed both

at field level and in the scheduling during the entire growing season

of crops. In Mali, the large-scale development of this type of modern

irrigation is limited to the "Office du Niger" for which water is sup-

plied sufficiently even during drought years by a large diversion dam
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(the Markala Dam) and a big network of canals and ditches (Figure 16).

The "Office du Niger" is a huge project which started in 1932 under

French Colonial Administration. Its original objectives were "to estab-

lish a production base for cotton fiber for French Industry, and to

create a source of food for the victims of 1913 drought" in the whole

French West Africa (Friends of the Sahel, 1977). To achieve its pur-

poses, the Office du Niger was to irrigate about one million hectares,

of which 800,000 ha would be devoted to cotton and 200,000 ha to rice.

Moreover, 360,000 people were scheduled to work on these fields (Gallais,

1976). Unfortunately the original objectives were not met since only

35,000 people from Upper Volta and other part of Mali were forcibly put

to work on 55,000 ha developed for cotton and rice. Furthermore, by

1962, after the Independence of Mali, when the French gave back the

management to the Malian government, only 41,000 tons of rice on 40,000

ha and 7,000 tons of cotton were produced. The yields were low, less

than 2 tons/ha in one season crop. Currently, cotton has been abandoned

in favor of sugar cane. The major problems related to production arise

from several difficulties. These include:

• leveling land adequately for irrigation;

• eradicating wild rice from the fields;

• getting enough farmers to work in the area;

• processing and marketing rice production;

• using fertilizers (high cost, no efficient use);

• getting rid of drainage water and excess rain water.
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In order to restore the possibilities and draw maximum benefit

from this exceptional tool of production, particularly during drought

years, the Malian Government has decided to rehabilitate the "Office du

Niger" with the help of the CILSS and international donors. The reha-

bilitation program will include the following measures:

• Increase in the water supply to increase the irrigated area by

increasing the capacity of existing Macina Canal and by digging

the new canal Costes.

• Increase the water use efficiency by making a water management

study consisting of water requirement determination of existing

crops and of a water balance of the whole irrigation system to

assess the nature and amount of loss.

• Increase the productivity by furnishing better equipment to

farmers and by building new rice processing mill plants.

• General improvement in the management of the whole Office du

Niger.

In addition, to complete the resistance to drought hazards, the following

measures should also be investigated and considered for application.

• The selection of drought-resistant seeds.

• Optimum timing of irrigation so that less water is delivered to

crops at non-critical growth stages; to this end, production

functions under water stress should be determined.

• The possibility of reuse of drained water after a preliminary

treatment.
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In sum, all existing irrigated systems are faced with numerous technical

and socio-economic problems, even during a normal year. Rehabilitation

programs as well as specific drought-alleviation measures are needed for

the actual irrigation systems if those are to be used efficiently in a

drought strategy aiming at producing the minimum food requirements of the

population without food import. Because the actual irrigation systems

are also a source of waste of water, it is important to manage properly

the hydraulic structures in order to decrease the water loss by evapora-

tion. As said earlier, this responsibility will be assumed by both

agricultural services and the farmers. The rational operation of the

existing reservoirs is also important for drought mitigation.

Drought Mitigation Capability of
Existing Surface Reservoirs

Very few reservoirs exist in the Niger and its tributaries, par-

ticularly in the drought-stricken area (Mali, Chad, Niger and Upper

Volta) although there are many possible sites. The following will

examine how the reservoirs in Mali operate presently and whether they

can be used more efficiently for drought alleviation purposes. Three

dams exist today; the Markala Dam, the Sotuba and Selingué Dam (Figure

22).

Markala Dam (Figure 16), a diversion dam, is the major hydraulic

structure of the "Office du Niger" irrigation system. It was completed

in 1945 and put into service in 1947. It is a mobile submersible dam

with a length of 816m, raising the water level of the Niger for gravity

supply of the irrigation perimeters developed by the "Office du Niger."
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Four hundred eighty-eight mobile gates allow the raising of the up-

stream level up to 5.50 m, allowing entry of the water into the feeder

canal and then into Sahel canal and Macina canal (LeBlois, 1979). The

volume of water retained is small, less than 10 million cubic meters.

Markala Dam being only a diversion dam, its drought mitigation capability

is reduced to the operation of raising of its mobile gates to retain

water, to the limitation of water loss, and to the ability to provide

enough water for the irrigation system.

The Sotuba Dam, completed in 1966, permits the operation of a

small run of the river hydroelectric plant near Bamako. Its potential

energy production is 33 million kwh. However, there is no provision for

large storage, so the dam has no drought mitigation capability.

The Selingué Dam is the first multipurpose regulating reservoirs

in Mali. It is being completed on the Sankarani River 150 km upstream

from Bamako. The dam will retain 2 billion m
3 

of water which will be

used not only for hydroelectric production but also for the development

of 55,400 ha per year of agricultural land for double-cropping. In

addition, fishing will produce 3,780 tons of fish per year. The drought

mitigation capability of the Selingué Dam will consist of regulating the

flow of the Niger River to 160 m
3
/s. This increase in the river dis-

charge will have the following incidental benefits downstream:

• permanent light navigation (draught of 0.5 m) between Koulikoro

and Markala,

• increase in the generating capacity of the Sotuba hydroelectric

plant,
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• possibility of irrigating 25,000 ha of double-cropping in the

"Office du Niger" area.

As the operating rule of the Selingu6 Dam is not known by the author,

he is not in a position to describe in detail how it can be used more

efficiently for the purpose of drought control. If the reservoir is to

provide drought alleviation, it should be full as much of the time as

possible. It is hoped that during drought times, operation of the

reservoir would be performed with reduced draft and reduced irrigated

area (Hudson and Hazen, 1964). This special operation of the reservoir

must be prepared sufficiently to avoid inadvertent operation due to public

pressures that may have negative effects on the project cost amortization.

Development of New Supply of Water

Efficient drought alleviation in the study area cannot always

rely only on emergency measures described in the foregoing paragraphs.

Instead, it should also enable the underdeveloped basin countries to

better withstand future droughts, by developing a built-in resistance

to them. In concrete terms, drought strategies must be included in an

integrated rural development in order to enable the farmers to produce

and save surpluses of cereals in good years to offset the negative

effects of drought years on the agricultural production. For this end,

new drought-resistant water supply systems will be required. This new

type of water resource development will be based on land use control,

small water resource projects, river regulation, conjunctive use of

surface and subsurface water, intrabasin transfers of water and general
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legal and institutional measures at the level of the Niger Basin as a

whole. To be effective against the negative effects of drought, the new

water supply systems must be designed to furnish water during normal

years and also be able to function during drought years, albeit in a

limited way. For example, a well for either a village or livestock water

supply must be designed not only to provide enough water during normal

years but it should not run dry during a severe drought period. An

irrigation system using river water should be able to function during

normal as well as severe streamflow years, so as to provide water to

irrigate at least a minimum area sufficiently to yield the food require-

ments of the local population without food import. Water should be con-

served even during normal years to provide a surplus to be stored and

used during drought years.

Land Use Control. Land use control may be an effective built-in

drought alleviation strategy if the agricultural production is reorgan-

ized into specific zones. To effect this, livestock raising, rain-fed

agriculture, and irrigation should be devoted to specialized areas

depending on soil potentialities and annual rainfall as follows:

• nomadic stockraising in the zone of less than 400 m of annual

rainfall,

• production of forage in the zone between 650 mm and less than 400 mm,

• production of cereals and cattle fattening in the zone of annual

precipitation above 650 mm, and

• irrigation in river valleys.
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This specialization will avoid soil degradation as was the case in the

past because of extensive cultivation of cash crops in marginal areas.

It will also help rehabilitate the environment--soil and vegetation in

particular (Mayer, 1975).

To be feasible, the specialization must be progressively intro-

duced as strict application today will meet several difficulties related

to traditional management practices. For example, if rice double-

cropping is developed in the floodplain of the Niger River (particularly

in the Inland Delta), it will be at the expense of the traditional live-

stock raising which, presently, uses the same area for grazing during

the dry season (February to June). Forage and other agricultural by-

products must therefore be provided to the herds in a program of integra-

tion of agriculture and livestock development as is done in the Office

du Niger area. This program of increased productivity of livestock

using the pasture lands for breeding and calf production, and the more

humid areas for finishing operations (growing and fattening) would lessen

the pressure on grazing areas and thereby reduce the vulnerability of the

livestock to drought damage. The main objections against the land use

control policy - concerns the unwillingness of herders to sell their

animals, and the risk for them of losing control over the economic benefit

of marketing their products.

Concerning more specifically the grazing areas, a new policy is

being planned and implemented. It will aim at a better management of

these lands by a control of the number of animals and of the water use.

It implies,
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• assigning the pastures to a group of herders with an agreement

that will be made as to the number of head of cattle on the

grazing areas;

• managing better the watering places (closing at the beginning

of the rainy season and opening at an appropriate time determined)

by an advisory water committee.

Several difficulties must be overcome to implement the above pastoral

policy. They concern the adequate choice of pastoral groups, the size

and composition of the group of herders, the effective control of the

number of animals and the choice of the members of the water management

committee. Several ethnic groups share the use of grazing area today.

Realistic criteria must be found by careful social investigations of

relations between herders before any decision on assignment of pasture

to a particular group is taken. Likewise, ways and means must be devised

to control the actual number of animals on pasturelands during the

grazing season. In effect, many herdsmen never declare the exact number

of their cattle to the administrative authorities for tax evasion pur-

poses. Members of the water management committee must be authoritative

people if their decisions are to be respected. The committee must also

include skilled people like the blacksmiths and traditional well diggers

for the maintenance of water works. However, these rank in a lower

social status in pastoral communities. In summary, management committees

should be made up of traditional skilled workers; people with high social

status and government representatives.
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Small Development Projects. Small water resource projects is

the type of development most convenient to exploit scarce water resources

as is the case in the northern part of the Niger River Basin, especially

during drought years. These small water resource projects concern

village irrigation, village and livest6ck water supply. First, the

nature of these projects will be described; second, it will be followed

by a feasibility analysis.

A small village irrigation project consists of developing a

small perimeter of 10 to 25 ha of double cropping (rice, wheat or vege-

tables) equipped with a mobile low lift pump and some simple works as

small dikes, ditches and an earth canal (Balbo, 1975). A small dam and

reservoir, and water harvesting techniques might be needed to develop

the water supply. Village domestic water supply is very deficient in

the study area. In actuality, of the 10,000 to 15,000 villages in Mali,

only 670 have a permanent watering place (well or borehole). Drought

alleviation would consist of lessening the hard work of women going 2-3

km each day to bring water for their family, particularly during dry

years. In providing water supply, care must be exercised to design the

water works (deep well or small reservoir) in favorable areas so that

water would be available even during the dry season and dry years. Live-

stock water supply can be satisfied with the same means and water works

as in village water supply; that is, whenever possible, reliable wells,

improved natural and artificial reservoirs. However, these developments

should be undertaken only if they improve the use of the grazing lands.
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Numerous small watering places judicidusly designed to exploi the pas-

ture land will avoid the concentration of animals and thereby overgrazing.

In order to have a drought-resistant and reliable water supply

system, it is necessary to make intensive exploratory studies to estimate

the potential of water resource development. The cost of surface geo-

physical methods of exploration amount to $100-2000 (U.S.) for a deep

well and the cost of hydrogeologic investigations runs to $25-30 (U.S.)

per km for extensive prefeasibility studies and $150-350 (U.S.) per km

for intensive studies (Des Bouvrie, 1974). The investment cost of a

village irrigation project is 300,000 FCFA per hectare (Benedic, 1977)

whereas the cost of a small artificial pond of 1500 m3 runs about 2

million FCFA (Serres, 1977) and that of a small dam in the Dogon Plateau

(Mali) amounts to 40 million FCFA (CILSS, 1979). Water harvesting tech-

niques, if used to fill a compartmented reservoir, have a construction

cost of about $0.40 (U.S.) per m3 plus 25% for the engineering and mis-

cellaneous (Cluff, 1977).

The price of water works for wells are summarized in Table 7.

The traditional means of digging wells and of lifting water are simple,

reliable and not expensive. However, they are slow and laborious for

both men and animals. They also lead to pollution and degradation of

wells.

Officials of development agencies consider at present the use of

motorized pumping for village water supply unrealistic, because of the

high cost of investment and operation. However, motorized pumping may
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be necessary in particular situations where dense population, and great

depth of water table make it advantageous.

As an alternative means of pumping water, solar energy driven

pumps may be of interest in the years to come (year 2000) if their

investment cost could become competitive. In 1977 the cost of pumping

a cubic meter of water using solar pumping is twice that of diesel

pumping, 300 FCFA. Wind pump is already an economic solution for windy

regions like the northern part of the Niger basin asits cost per cubic

meter varies from 78 to 85 FCFA (SEMA, 1977). However, its maintenance

is difficult. All of the 45 wind pumps installed between 1957 and 1961

have broken down, and only 5 seem to be recoverable (Food and Agriculture

Organization (FAO), 1978). In fact, in all developing countries, over

20% of the rural water supply is out of service (Cairncross and Feachem,

1977). Maintenance problems arise not only because of inadequate tech-

nology but also due to lack of community participation. In effect, most

of the modern works and means of lifting water involve high cost of

maintenance. This is true for diesel-powered pumps and electric pumps

in particular. Even with hand pumps (like the Vergnet type), maintenance

problems arise. Unfortunately cheap solar pumps having minimal mainte-

nance will not be in general use before many more years of research and

experimentation.

In summary, modern pumping (motorized pumping in particular)

saves labor and time, but they not only have high investment and operat-

ing costs but also high risk of breakdown. Traditional methods of

lifting water should receive more attention since they do involve only
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minimum cost. Their improvement through research and development must,

therefore, be undertaken. For all small development projects, investment

cost as well as operation and maintenance cost of providing reliable

water supply are high compared to the low income of the farmers. How-

ever, a national water policy including a drought strategy may overcome

the financial and social difficulties. In particular, some aspects of

the development can be financed by the fund of the country. Accordingly,

the created National Fund for Water (in Mali) should be strengthened in

its organization and functioning. Its financial resource from government

and donations should be managed by the Department of Water and Power

with the advice and supervision of the existing Water Committee made up

of water users and water suppliers. This fund would be reserved to buy

at least some elementary equipment (cement, pump and engines) and to

insure the proper operation and maintenance (spare parts and fuels) of

the existing and planned waterworks. Specific laws regulating the effi-

cient use of water should be devised and applied.

The local population must be involved not only in the planning

and the construction phase but also in the proper maintenance part of

their water supply works if those are to be reliable even in drought

years. Regular inspection and maintenance work and simple repairs can

be successfully delegated to suitably selected and trained villagers

(Cairncross and Feachem, 1977). To achieve this goal, a support con-

sisting of supervision, advice, guidance and financial responsibility

for spare parts and fuels must be provided. In other words, a genuine

partnership between government and village (or pastoral committee) is
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needed. For that purpose, regular conference and training sessions

might be held at a main administrative center (cercle level in Mali, for

example) and water Management Committee must be reinforced at village

level.

In summary, despite all the problems involved, small drought-

resistant development of water resource is the best strategy to deal

with shortages and severe deficiencies of water in drought years. These

strategies have several advantages that make them feasible:

a. They are socially acceptable to local populations living in

small communities within which they can be organized and better

mastered.

b. They benefit greater ease of obtaining investment funds by

international donors because they are economically feasible.

c. They are politically welcome since their rapid implementation

can acquire and strengthen support from local people.

d. They will play the role of pioneers in the learning of modern

technical skills by farmers and other citizens. Accordingly,

these advantages go in favor of their choice as first steps in

a water resource development program aiMing at building resist-

ance to droughts by mitigating negative effects. However, to

be effective, the management of these projects must be accom-

plished to associate local populations in all planning and imple-

mentation phases (i.e., construction, operation and maintenance).

River Regulation (Figure 17). Large dams are needed on the

Niger River and its tributaries:
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a. to smooth out the irregularities of the river regime during

normal years as well as during drought years,

b. to conserve water from being wasted by evaporation in the Inland

Delta, and

c. to meet the demands of new development projects.

As stated earlier, unregulated use of the Niger and its tribu-

taries can be best accomplished by small irrigation and controlled sub-

mersion. However, these are short-term or at best a medium-term

perspective. In the long run (year 2000-2050), with a population growing

at an annual rate of about 2.5% (Maton, 1974), the need for staple food

could be met only with the condition that large areas be irrigated

(double cropping). For that purpose, new diversion dams and regulating

reservoirs will be required to guarantee the water supply. The new

regulating reservoirs in the Upper Niger, the Bani and in the Middle

Niger (Figure 17) will permit approximately 700,000 ha of double cropping

49 years out of 50 (France, 1976). In addition to regulating the river

flow, the new dams must provide also electricity and prolong navigation

in some reaches of the Niger River to be economically feasible.

Upstream dams will have the advantage of training the flow at

the headwaters and of being located in a zone where evapotranspiration

is the lowest of the basin. Several interesting sites have been identi-

fied in Guinea, Mali and Ivory Coast (Figure 17). Training of the Middle

Niger for irrigation, hydropower and navigation will be accomplished by

four dams: Tossaye and Labezanga in Mali; Kandadji and the "W" dam in

the Niger Republic (Figure 17 and Table 15), in addition to the existing
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Kainji dam in Nigeria. In order to optimize the use of the Niger River

by regulating reservoirs, a mathematical model is being studied in

France for the Niger Basin Authority.

However, it should be emphasized that large dams and reservoirs

are not absolute drought-proof measures. In effect, "once a drought

occurs after exhausting the stored water, there is no longer any capa-

bility for alleviating the drought situation" (Takeuchi, 1974). In

addition, if the reservoirs are to be full as much as possible for

drought alleviation, their flood mitigation capability will be reduced.

Moreover, unregulated spills might increase the flood damage, downstream

of the dam. Accordingly, the design of the new dam must give due consi-

deration to all the foregoing factors. The specific drought mitigation

contribution of the new regulating reservoirs will have the form of

additional carryover storage which will be determined in the final

design phase by comparing the cost of providing this additional storage

to the expected income loss during drought years. To avoid greater

impacts of drought on new water development projects, special reservoir

operation such as reduced draft rate and reduced irrigation areas have

to be taken into account sufficiently in advance. In this way inadver-

tent operation of water works due to public pressures that might have

negative effects will be prevented. Educational measures should popu-

larize or spread the ideas that the new regulating reservoirs are not

drought-proof means and that their operation must supply water also for

downstream riparian countries, the main purposes of the reservoirs being
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to strengthen the regional economy to provide surpluses necessary to

lessen the economic losses in drought times.

In trying to solve drought and underdevelopment problems in the

Niger River Basin, other major difficulties might be triggered if not

thought of in advance and properly handled. To illustrate this point,

the main problems involved in regulating the Upper Niger and Bani will

be examined by the preliminary study of the Baoulé IV dam, on the Baoulé

river, a tributary of the Bani River (Figure 18).

Some Preliminary Aspects of the Baoulé IV Dam and Reservoir.

Geographical presentation: The Baoulé River rises in the northern

Ivory Coast, at an elevation of 450 m (Figure 18). Meanders and flood

plain begin upstream from Odienne (less than 30 km from its headwaters).

After turning to a north-south direction, the Baoulé receives most of its

tributaries (after which its slope decreases from 40 cm per km to 20

cm/km) while its meanders increase and its floodplain reaches a width

of 800 to 1500 m (ORSTOM, 1970). After a relatively short cut in the

bedrock, the Baoulé receives other tributaries. It then takes the west-

east direction and joins with the Bagoé River after Dioila (850 km from

the headwaters) to form the Bani River, itself a major tributary of the

Niger River. Two gaging stations have been installed on the Baoulé

River since the fifties: Bougouni (at 500 km from its headwaters) in

1956 and Dioila in 1953. Among the two sites of dams identified on the

Baoulé, the author chooses to study Baoulé IV (12°33" N, 6°58" W), a
site a few kilometers upstream from Dioila gaging station not only be-

cause of the nearness to Dioila but also because of the availability of
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data. A record of 26 years (1953-1978) of monthly discharges were taken

from the "Archives" of the Hydrologic Services of Mali (Table 8). Miss-

ing monthly data were estimated. Records of Dioila streamflow data were

augmented using correlation between the main stations of Douna on the

Bani and Koulikoro on the Niger, on one hand, and between Douna and

Dioila on the other (Tables 9 and 10 and Figures 19 and 20). The Baoulé

basin at Dioila is under the same climate as described for the Upper

Niger (Chapter 1); that is, tropical Sudanian type. The river  regime is

of the transition tropical type (ORSTOM Classification, see Chapter 1)

with a long-period low flow (October to July) and a short period of high

flow (August to November, Figure 21). Interannual irregularity of flow

is illustrated by Table 11 and Figure 22, which indicate a succession

of high and low-flow years. Average interannual precipitation as com-

puted by the Thyssen method amounts to 1296 mm (Table 12).

• Storage determination

A. Ripple diagram (mass curve) is used to get a first approxima-

tion of the reservoir size. For this purpose a number of

assumptions are made, namely,

• the independence of flows,

• the repetition of flow in future,

• a full reservoir at the beginning,

• there being no loss from the reservoir surface.

Monthly discharge of Dioila extended by Douna and Koulikoro have been

cumulated and plotted on a mass curve (Ripple diagram). At least three

kinds of demands can be projected for future water resources development
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Table 9.	 Characteristics of gaging stations.

Station (Area
Influenced) River Coordinates Observations

Dioila Baoulé 12° 	31'N Staff gage installed in 1953.
(32,500 km2 ) 6° 50'W Elevation of gage zero = 278.42 m.

Length of record 1953-1978.
Rating curve (to be completed). 31
measured discharge between
1.0 m3/s and 1,200 m3/s.	 Rating
curve variable in low flow,
satisfactory in medium and high
flows.

Bougouni Baoul6 11 0 	23'N Staff gage installed in March
(15,700	 km') 70 29 , w

1956.	 Elevation of gage zero =
371.72 m.	 Rating curve = 36
measured dischvges between
0.53 and 778 m'/s.

Douna 9 Bani 11°	 11'N Staff gage installed in April
(101,600	 km') 5o 57 . w 1922.	 Elevation of gage zero =

270.71	 m.	 Missing years	 in
records = 1933 to 1948.	 Rating
curve = 31 measured discharges
between 0.50 and 2,850 m3/s.

Koulikoro 9 Niger 12° 	52'N First staff gage installed in
(120,000 km')

7,0	 33 . w
1907.	 Elevation of gage zero =
290,08 m.	 Regular gage readings.
Satisfactory rating (main gaging
station of the Upper Niger basin).
43 measured discharges between
57 m3/s and 9,160 mi/s.

(Source: ORSTOM, 1970, Archives of the "Service Hydrolique du Mali")
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Table 10. Correlation of mean annual discharge (m/s) between Dioila
and Douna.

Water Year
	

Douna (x)	 Dioila (y)

1953-54 835 288
1954-55 924 303
1955-56 (866) 253
1956-57 548 156
1957-58 830 281
1958-59 (773) 235
1959-60 606 (198)
1960-61 621 (201)
1961-62 642 (203)
1962-63 568 (197)
1963-64 518 (182)
1964-65 853 (321)
1965-66 589 (161)
1966-67 569 209
1967-68 (193)
1968-69 (145)
1969-70 550 (189)
1970-71 533 158
1971-72 365 131
1972-73 168
1973-74 156 -
1974-75 314 100

n =	 17 = 658.235 .çt =	 215.647

Sx = 157.347 Sy =	 55.878

Y

r	 = 0.936
xy

r	 S
xY Y - 0.33S x

= y - (3\x = -3.163

a	 -3.163 + 0.33x
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Figure 21. Average monthly discharge of the Baoulé at Dioila.



Table 11. Average precipitation using Thyssen method.

Station
	

Weight	 Precipitation, Pr.

Odienne	 0.12	 1621a

Manankoro	 0.26	 1387a

Kolondieba	 0.035	 1315

Goualala	 0.025	 1430

Bougouni	 0.18	 1324

Ouolossebougou	 0.076	 1117

Dogo Bougouni	 0.18	 1168

Dioila

	

	 0.13	 967

P average = Neight x Pr. = 1296 mm

a. Source: ASECNA, C6te d'Ivoire; Service du Métêorologique National
du Mali.
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(Table 13). A first demand concerns the immediate downstream develop-

ment of a rice double-cropping irrigation with allowance for a minimum

flow of 5 m3/s for ecological reasons (for aquatic fauna and flora and

riparian populations).

A second alternative of the demand could be only to satisfy the

requirements of various existing irrigation systems of the inland delta,

its outlet and of the Middle Niger with the same minimum flow as above.

A third alternative of the demand would be the combination of the first

and second demand.

The first alternative will consist mainly of crop water require-

ments for irrigation. A rice-rice double cropping of system I (Yagoua)

type (Table 14).might be planned for the 40,000 ha of suitable land

downstream from Baoulé IV dam.
1

The reservoir will serve mainly for irrigation with secondary

benefits from flood control, hydropower and navigation.

For this situation, the demand expressed as volumetric monthly

flow is shown in Table 13). This demand, plotted on the mass curve as a

straight line with a slope of 0-253 km
3 

per month, requires a reservoir

size of 2 km
3

.

The second alternative of the demand is to build Baoulé IV dam

only to contribute (16%) to the overall regulation of the flow of the

Upper Niger and Bani to satisfy the water requirements of the existing

irrigation systems, not only of the Inland Delta but also of the Middle

1. A total of 90,000-100,000 ha is estimated by Argoullon (1974)
for the Bani basin.
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Niger. This alternative would require a storage of a little more than

2 km
3 

for a monthly demand of 0.264 km
3

.

The third alternative would include both the above demands. An

average monthly demand of 0.358 km3 corresponds to a storage of 7.5 km 3
.

The minimum water required for ecological reasons (riparian

populations, aquatic flora and fauna) is included in all three alterna-

tives.

The above estimates for storage are only preliminary since no

operation study was done because of lack of essential documentation. 1

In addition, the following data and studies are needed:

• determination of peak flood hydrograph and frequency analysis,

• determination of elevation area storage relations,

• operation study and reliability analysis,

• determination of other storages, dead storage (sediment yield)

flood control storage (flood routing),

• determination of the outlet dimensions (spillway and others

• determination of hydropower available,

• geologic and geotechnical studies,

• intensive socio-economic and environmental studies.

Socio-economic aspects: The investment cost of the dam adjacent

structures (power plant, irrigation system) varies from 30 billion FCFA

to 113 billion FCFA for a unit cost per storage of 15 FCFA per m
3

.
2

1. Only topographic mapsof1/200,000 were available but maps of

1/2000 to 1/1000 are needed.

2. Unit cost determined from Selingué case (30 billion FCFA/

2 billion m
3 = 15 FCFA/m3).
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The tangible benefits would be for the first alternative = 40,000

_
ha x 6t/ha x 45 FCFA/kg x 1000 kgt 	- 10.8 x 10.9 FCFA:

Other sources of revenues, such as electricity, will also be

necessary. Today, the market for electricity is too small, even with

the electrification of rural areas (domestic and agricultural use).

Presently, the industry in the areas next to the dam site consist

basically of units processing the agricultural products (rice-shelling

plants, sugar refinery, oil factory, tea-processing factory and cotton-

ginning mills). To utilize the electricity that will be produced,

installation of other industries or transfer of electricity to other

markets (inside the country or in neighboring basin countries) will

be required. Although more economic analysis is needed, it is possible

to foresee the intangible and tangible benefits of building Baoulé IV

and other dams in the Upper Niger as summarized. Benefits include:

• self-sufficiency in food production and in energy supply,

• reduction in required food and fuel import,

• saving in foreign currency,

• national independence and, indeed, national defense,

• regional development,

• reduction in the waste of water.

Adverse effects of regulating dams on the Upper Niger: Other

sites on the Baoulé, the Bani and indeed of the whole Upper Niger should

be investigated. The most economical and interesting sites will be

studied more intensively in a 
system analysis to see their specific role

in the regulation of the Niger River. This implies 
the inundation of
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important irrigated areas and villages in Guinea. If flow of the river

is to be limited inside the minor channel, it will also have some ad-

verse effects downstream. These will be most significant for the Inland

Delta, in which a number of factors might be irreversibly affected,

among which one can cite the following:

• the fate of native vegetation,

• the negative effects on dependent activities such as fisheries,

flood recession grazing for livestock,

• the natural submersion and associated agricultural activities

(rice cultivation under natural submersion and flood recession

farming),

• the feeding of lakes and the recharge of aquifers (Terminal

Continental) by the river.

In addition other adverse effects will be observed on the health in both

upstream and downstream of the dams, and on riparian populations because

of the building of the dam. The lack of usual inundation will lead to

the progressive disparition of the natural vegetation over time, mainly

the "bourgoun (Echinocloa stagnina). Indirect adverse effects on soils,

fisheries and livestock would be as follows:

• Loss of organic matter in soils; totay 17 tons of dry matter

maintain 3 to 5% of organic matter (Bertrand, 1974).

• Reduction in fish production as fish live on bourgou and other

types of aquatic vegetation (rice), 58,000 professional fisher-

men producing between 88,000 and 125,000 tons of fresh fish per

year (of which between 3,850 tons and 4,084 tons are sold inside



101

Mali or exported to Ghana, Ivory Coast, Upper Volta, and Guinea

(Marchés Tropicaux, 1979), will be affected.

• Limitation of grazing area for 40% of Mali livestock (mainly

cattle).

• Increase in the water velocity in the river.

In addition, 80,000 ha of irrigated land under natural submersion would

be eliminated. Furthermore, the feeding of numerous lakes and the

recharge of aquifer by the river would be reduced, thereby increasing

the danger of desertification. Large-scale development of water resources

also involves severe health problems. In effect, a "large number of

enteric diseases are transmitted to man, directly or indirectly through

contaminated water" (Obeng, 1977). The water-borne disease in the study

area include cholera, typhoid, dysentery, diarrhea and Guinea worm. More

specifically, in irrigated areas and in reservoir environments, malaria,

yellow fever and other diseases are transmitted by mosquitos. The dams

will have a beneficial effect on onchocerciasis because they eliminate

rapid flow areas upstream. However, they may provide habitat for

Schistosomiasis vectors. Unless either large health campaigns like the

Volta River Project sponsored by the World Health Organization (WHO) or

measures to limit adverse effects in health are undertaken against these

water-borne diseases, the newly planned reservoirs and irrigation proj-

ects would be a breeding ground for those diseases.

Another adverse effect of large regulating dams would be the

resettlement of displaced populations. Only adequate surveys will tell

the estimate of people involved in the Upper Niger basin. Population
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resettlement means not only resolving psychological stress but also

health problems, as well as problems related to financing, administration

and housing. Adequate handling of the problem involves:

• good transportation to the new area,

• large information campaigns on the projects before and after

resettlement,

• availability of sufficient food in case of crop failure,

• availability of enough land to work,

• consideration in advance of resettlement of the probable social

and cultural changes and how their impact can be minimized

(Family Health Care, Inc., 1979).

Having outlined the negative and positive effects of planned dams on the

Niger River Basin development, we can say that regulation of the Niger

River and its tributaries can best be accomplished by dams of the first

demand alternative. This implies retaining water for the purpose of

immediate downstream development with incidental hydropower and naviga-

tion benefit. Large spills will have to occur to release water, not only

to maintain the useful activities of the Inland Delta (stock-raising,

fishing and irrigation), but also to provide enough flow for downstream

reservoirs (Tossaye, Labezanga, Kandadji and dams in Nigeria). Exhaustive

studies may indicate a better management of the Inland Delta through the

use of modern agricultural methods. Even in this case, upstream dams

should follow at least two phases of gradual operation:

• a first phase during which system operation of the dams will

release large spills to inundate the Inland Delta as usual until
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the riparian populations get acquainted with the new system,

• a second phase during which the full operation of the system of

reservoirs will be achieved.

During the latter phase, intensive irrigation using fertilizers and pro-

ducing high yields of cereals and forage for livestock might be envisioned.

Intrabasin Transfer of Water. Intrabasin transfers may be envi-

saged for the Niger and its tributaries, the Benué and the Bani river,

for example. Although under the same general climate, their respective

basins are somewhat different. The Niger rises in the Guinea highlands,

whereas the Bani comes from northern Ivory Coast. Rainfall is higher in

the Niger basin (1600 mm) than in the Bani basin (1265 mm). However,

between Segou and Mopti the two basins are connected by several ana-

branches. Use may be made of these links to bring water to the Bani

rice-development projects since the Niger is more abundant. To this end,

detailed topographic and hydrologic investigations will be needed to

assess feasibility of this possibility.

Conjunctive Water Use. Conservation of water resources in the

Niger River Basin can be achieved efficiently through the use of both

surface and subsurface water resources (Des Bouvrie, 1974). The inte-

grated use of both pools and underlying aquifers is beneficial in live-

stock water supply. During the dry season, in many areas of the basin,

people draw their drinking water from water sumps dug into the alluvium

of the river. River water is of lower quality (bacteriologically) and

is preferred by populations because of its better taste. As seen,

conjunctive use of water resource is practiced on a small scale by
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riparian populations. It remains to be seen if it is possible for con-

junctive use to be on a large scale for both river water and ground

water, thus providing supplemental irrigation during drought from both

underground and surface storages. Among the planned dams on the

Middle Niger, consideration should be given to the conjunctive use in

the region where ground water and surface water communicate. In this

regard, the Tossaye and Kandaji dams will be built in areas of low rain-

fall but very high evapotranspiration (2-2.5 m per year) (Table 15).

Fortunately, in the same locations, the Niger river is in relation to the

Terminal Continental through its alluvial formation. The Terminal

Continental is made up of sand, clays and argilaceous sandstones. This

formation is permeable on the whole (Archambault, 1960). Hydrogeologic

studies showed that the Terminal Continental is recharged annually by

the river, particularly between Tossaye and Gao (Archambault, 1960).

This recharge might be increased with the building of the planned dams

(Tossaye and Kandadji) provided that clogging does not occur with the

silting of the reservoirs. If investment cost decreases in the future,

irrigation might be done by solar pumps during the dry season and drought

years in the whole irrigable area. This will make room for underground

storage during the flood season and wet years.

Financial and Legal Aspects of the Basin Development. The fore-

going analysis illustrates that long-term drought alleviation measures

utilizing large projects require not only high investment cost but, in

most cases, high operation and maintenance costs. 
Most of the dams

scheduled on the Niger or its tributary cost 30 billion FCFA (Selingué)
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to 40 billion FCFA (Tossaye) to 60 billion FCFA (Kandadji). Unfortu-

nately the high costs of large regulating dams is out of the reach of

the budget of a single state. The per capita income of the Sahelian

riparian states of the Niger River runs between $90 (Mali) and $130

(Niger Republic). Therefore, these countries cannot afford the large

investment required for the water resources projects. The Selingu4 dam

in Mali which is being completed in 1981 had financing from various inter-

national donors. Its implementation led to some problems with Guinea

where border villages were to be inundated by the reservoir. Fortunately

an agreement concerning Selingué seems to have been concluded between

Mali and Guinea. An agreement also will be necessary between Mali and

Niger Republic to implement the Kandadji dam whose second completion

would overflow the neighboring dam site of Labezanga in Mali. The

riparian states of the Niger River have therefore much to gain in a com-

mon management of their shared resources.

Such cooperation involves various aspects, exchange of informa-
tion and experience, cooperative or joint action among states
sharing the same basin, and assistance by international organi-
zations and by other aid programs; all of this requires an
adequate legal and institutional framework at the outset and at
every level" (Caponera, 1978).

Nine of the riparian states understood this necessity by makina

the Agreement of Niamey (October 26, 1963) concerning the cooperative

exploitation of the Niger River resources, both for navigation and other

purposes. On November 25, 1964, a new agreement of Niamey established

the River Niger Commission. However, this new organization did not have

many concrete actions (cooperative studies, common development projects),

although the Commission itself evolved in administrative functions
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(modification of the 1964 agreement in 1968 and 1973). 1 The Commission's

formal role was to "encourage, promote and coordinate studies and pro-

grams concerning the exploitation and development of the resources,

including water, of the Niger Basin, for the purpose of ensuring the most

effective use of the resources of the Basin" (USAID, 1975). Among other

things, the Commission carried out some specific studies and had some

administrative staff.

The Niger River Commission hence evolved toward a regional

organization although it still has limited technical and financial capa-

city. After the completion of the first indicative plan for the Niger

Basin, the Commission has been replaced by the Niger Basin Authority at

the November 1980 meeting at Conakry (Guinea), involving the heads of

states. This change of name also signifies a change of functions, be-

cause the new organization became the regional river development agency

for the Niger Basin. 	 Its new role includes economic, financial, legal,

administrative as well as technical responsibilities.

The technical group is in charge of planning, construction,

control and protection of water works, and multipurpose use of the river

water (navigation, hydropower, irrigation, fishing, forestry, flood

control, drought control). The integrated river development planning

consists of the following three phases:

• Phase I includes the identification of fundamental common prob-

lems, the definition of possible solutions (combined in an

1. A council of ministers replaced the countil of commissioners
representing each country and the position of Executive Secretary was
established in place of the Administrative Secretary (USAID, 1975).
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optimal integrated development) and the realization of basic

studies (hydrology, agriculture, economy) necessary for the

implementation of the planned solutions.

• Phase II concerns the definition of a common policy; that is,

definition of general principles of development of the basin,

elaboration of a main development plan of the basin, realization

of feasibility studies for common project and works, and the

definition and application of common management principles for

the works.

• Phase III corresponds to a long-term program made up of a unified

integrated network of means of transportation (sea, railroad,

road, river) and the realization of large-scale water works

(large dams) (River Niger Commission, 1980).

The indicative plan does not contain a specific strategy for drought

alleviation. This is because the whole planning is indirectly considered

as a drought mitigation program. Furthermore, four of the riparian

states are also members of the CILSS.

Despite this fact, the author thinks that a specific program for

the Niger River Basin must be designed in collaboration with the CILSS.

A drought strategy must include the following:

• For the short term, a study of experiences of adjustment of

riparian populations to past drought. Lessons drawn from these

experiences will serve as a base for the development of contin-

gency planning. Contingency plans will include information,

education, priority of use and voluntary water conservation
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measures, as well as changes in current law and customs.

• For the medium- and long-term, agreement must be found between

riparian states for the use of the low streamflows (allocation

between upstream and downstream states, special operation of the

water projects and works). Simulation studies may help ascertain

which areas or economic sectors will be most affected under vari-

ous drought situations. Accordingly, a general drought contin-

gency plan must be available for the basin as a whole.

Summary 

This chapter evaluated the feasibility of some alternative meas-

ures to alleviate the negative effects of drought events in the Niger

River Basin. Ways to deal with emergency situations were first considered

which included measures to minimize the impact of droughts; consideration

was given to forecast and warning, legal and institutional aspects as

well as to measures to fully utilize the available supply of rainfall and

runoff as they are, for the benefit of rain fed farming and irrigation

systems.

The contribution of new water resource projects to strengthen

and develop the local economy was shown to be indispensable for enabling

the basin countries to better withstand future droughts. For this pur-

pose, small development projects, land use control, river regulation,

conjunctive use of surface and subsurface water, and intrabasin transfer

of water were assessed in terms of their technical and socio-economic,

financial and political feasibility for long-term drought alleviation.
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Financial and legal implications of the planned large water resources

projects were analyzed within the framework of the river basin develop-

ment agency.



CHAPTER 3

SUMMARY, CONCLUSIONS AND RECOMMENDATIONS

This chapter summarizes the contents of earlier chapters and

gives an outline of the main conclusions as well as the recommendations

for future actions.

Summary 

Chapter 1 has shown that the Niger River Basin is in a geo-

graphic area with a climate which inflicts severe conditions on the

environment. A long dry season every year is the critical factor.

Moreover, the analysis of past historic droughts in terms of rainfall

and runoff led to the conclusion that severe droughts constitute a

"normal" climatic characteristic of the Niger River Basin. This charac-

teristic demands riparian countries be better prepared for future

drought events. Therefore, the officials of these countries should in-

crease the readiness of their peoples by adopting appropriate drought-

alleviation strategies.

Chapter 2 examined the preliminary feasibility of some alterna-

tive drought-alleviation measures from the viewpoint of a water resource

manager. These alternatives examined are:

• Measures to minimize the impacts of droughts: forecast, warning,

legal and institutional arrangements, and contingency plans.

111
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• Measures to fully use the available supply of rainfall and

runoff: better farm adjustment techniques, better management of

existing hydraulic structures.

In addition, measures to develop a new supply of water for the purpose

of the economic recovery and development were considered, which would

also add a drought-alleviation capacity. Land-use control, small water

projects, river regulation, conjunctive use of surface and groundwater

reservoirs, and intrabasin transfer of water were assessed in terms of

their contribution to development projects as well as their effective-

ness to alleviate the negative effects of future droughts.

Conclusions and Recommendations 

Research and field investigations concerning the methods of

drought alleviation are only in their infancy because the state of

knowledge on drought is itself at a primitive stage. This thesis was

aimed primarily at a comprehensive assessment of some accepted and newly

proposed solutions for drought alleviation in the Niger River Basin.

Despite the data limitations of the study, some preliminary conclusions

can be drawn for each group of measures and recommendations for future

actions outlined.

Concerning the measures to mitigate the impacts of drought, the

long-term forecasting of drought was not found feasible despite attempts

to find cycles in the hydrologic data. Further research is needed to

develop a comprehensive index concerning the onset and 
evolution of
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droughts. The close monitoring of hydrologic variables is already in

practice in part of the basin.

Recommendations for action include the publication of the special

official alerts from the hydrometeorological services, with dissemination

at the village level. For this information to be efficiently transmitted,

there is a need for better coordination between existing official drought

committees at the national level and village organizations. These com-

mittees must be more involved in educational campaigns as well as in

contingency drought planning. Emergency measures might be easier to pre-

pare and implement if interested farmers and highly motivated medium-

level technicians or other civil workers are part of the drought commit-

tees in villages. Within the framework of new development projects, the

villagers might be more motivated to adopt drought adjustment techniques

if they are convinced that these new projects will improve the quality

of their life.

On the supply management side, a better use of available supplies

of rainfall and runoff is indispensable during drought years. Measures

to increase the rainfall efficiency by farm adjustment practices face

numerous difficulties of implementation, the most important being the

fatalistic perception of drought by farmers. Accordingly, the drought

committees, in cooperation with agricultural extension services, will

be required to increase their activities to make popular simple dry

farming techniques, some of which are already in limited use. These

include the change in cultivation practices such as tie ridging, early

sowing, replanting, stubble cultivation and the use of improved drought-
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resistant quick-maturing seeds. The successful application of these

techniques will also require that temporary drought training schools

for technicians as well as demonstration sessions for farmers be held,

during the early part of the rainy season, to overcome the strong preju-

dices of farmers against any change in their usual practices. Moreover,

the efficient organization of all the increased activity will need addi-

tional funds to cover the new expenses. As most existing irrigation

systems still rely on some rainfall to germinate their crops, the above

farm techniques can also be applied to irrigated areas. Better use of

available runoff during drought years requires rehabilitation programs

be undertaken to solve the existing technical and socio-economic prob-

lems. The use of portable pumps, and an improved management of the

existing hydraulic structures (deeper and cleaner canals, adequate

gates) will make full use of the smallest amount of runoff during drought

years. Small mobile pumps are already used with success in the Niger

Bend on traditional farms irrigated by the natural submersion of the

river. The possibility of adopting high-capacity portable pumps on

"controlled submersion" perimeters during drought years will depend

upon further economic investigations and administrative arrangements.

The modern irrigation system of the "Office du Niger" in Mali is an

exceptional tool to be used during drought years to produce food without

import, since the water supply is relatively guaranteed. For 
this pur-

pose, a rehabilitation program to increase both the 
available water

supply (by new conveyance structures) and the water-use efficiency is

under way. Drought resistance can further be strengthened by adopting
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an optimum timing of irrigation, by reusing the drained water after a

preliminary treatment, and by adopting water conservation measures both

in the management of hydraulic structures and at the farm level. Among

the few existing reservoirs in Mali, only the Selingu4 dam has drought-

alleviation capability which utilizes increased low streamflows. To

fully benefit from this capacity, the Se1ingué reservoir should have a

special drought operation rule prepared well in advance to maximize its

effectiveness.

Past droughts in the Niger River Basin have compounded the

existing problem of underdevelopment. Future drought alleviation cannot

rely only on emergency measures. Instead, these measures must be inte-

grated into development plans aiming at strengthening the economy of

all the basin countries. In this way, savings and the surplus of cereals

can be set aside for use during bad years (drought, flood or other

natural hazards).

For the economic development projects, new water supply must be

provided. As more water resources are developed, precautions must be

addressed to insure their protection from the impact of drought. To

reduce this susceptibility to the drought, resistance must be built

within new water resources projects by careful design. This design

would allow full utilization of the available supply of rainfall and

runoff, even during drought years. This new drought-resistant water

(utilization) system supply will be based on land-use control, small

water projects, river regulation, conjunctive use of surface and ground-

water and intrabasin transfer of water.



116

• Land-use control, as a long-term drought-resistant strategy,

may be successful on the condition that agricultural activities

are reorganized according to specific ecological zones. The

expected result would be an improved livestock use pattern for

the pasture lands supporting breeding and calf production and

use of the more humid areas as growing and fattening zones.

Moreover, this new policy would lessen the pressure on grazing

land by reducing the number of animals, thereby diminishing the

vulnerability of the livestock to future drought damage. How-

ever, the strict application of the new policy will meet several

difficulties related to the traditional livestock management

practices. Major constraints concern the unwillingness of many

herdsmen to sell their animals and the risk for them to loose

control of their product in the marketing process. More socio-

economic investigations on the relations between nomadic groups

are also needed before the grazing area can be definitely

assigned to groups of herders. Only then can an efficient

management of the pasture lands take place, with an effective

control on the number of animals and with a 
better organization

of watering places.

• Small water projects like the village irrigation, the village

domestic water supply and livestock water supply, 
are the types

of development projects most suitable to make 
the best use of

scarce water availability. In effect, a small irrigation 
project

in a village bordering a river is flexible enough to adapt to 
the
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lowest level in the river by using small portable pumps to

water the village fields. As mentioned earlier, small portable

pumps were already used in the Niger Bend with success despite

maintenance and fuel availability problems.

A well for the village domestic water supply must be de-

signed so as to function during normal years as well as drought

years. Livestock water supply must be developed only if they

improve the use of grazing areas. Adequate watering places

(wells or improved or artificla ponds) can be designed for

animals without provoking overgrazing. For the small projects

to be reliable (i.e., be able to function during the dry season

and during drought years), they must be implemented after

intensive technical as well as socio-economic investigations.

Despite some difficulties (maintenance problems, mainly) small

water projects have several advantages that make them feasible.

In effect, they are socially accepted, and easily financed be-

cause they are within the economic capability of the country.

Moreover, they are politically welcome and can be better mas-

tered by local populations in their progressive learning of

modern techniques. To be effective during drought years, the

small projects must be properly operated and maintained with

the full participation of local populations and with a continu-

ous financial and technical support from the Government

National Fund for Water.
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• Regulation of the Niger River and its tributaries is necessary

not only to smooth out the irregularities of the streamflow but

also to provide large water supply needed for double-cropping

irrigation. Accordingly, the main objective of the new reservoirs

will be to contribute in strengthening the basin economy to

provide surplus of foods needed to lessen the adverse effects

of future droughts. However, to be cost effective, the reser-

voirs must be built and operated also for other purposes, such

as hydropower and river navigation. If the reservoirs are to be

maintained full most of the time, then their flood-control

function will be almost nonexistent. The result might be an

increased danger of flood damage downstream from the dams. The

implementation of the new days reservoirs will also cause addi-

tional problems such as: (1) the inundation of valuable land in

Guinea; (2) the adverse effects on stock-raising, on fishing and

on traditional irrigation downstrean (Inland Delta in particular);

and (3) health problems. All the factors listed must be properly

addressed prior to the final design of the new dam reservoirs.

At this last stage, the specific drought-alleviation contribution

in the form of added storage must be determined after serious

economic and technical investigations. Furthermore, optimal

operation of the reservoirs during drought years must be prepared

well in advance to avoid adverse effects by public pressure on

the cost amortization.

• In conjunction with future large-surface reservoirs, particularly

in the Middle Niger, where evaporation is very high, groundwater
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reservoirs could be used during the dry season and drought

years. For this purpose more investigations on the fields will

be needed to assess the actual feasibility of this alternative.

• Intrabasin transfer of water, for example between the Niger

River and its main tributaries (Bani and Benué) may also be

planned to alleviate future drought situations or any shortage

of water. However, if this alternative is easily conceivable

at the level of an individual country, its implementation be-

tween two riparian countries will be subject to more political

controversies (national sovereignty and chauvinism). To avoid

these controversies in the future, all riparian member states

must consider the basin waters as common resources to be

shared, and must therefore participate fully in the management

of the existing Niger Basin Authority. This river basin devel-

opment agency is seeking and is coordinating the international

financial help to study and implement the future large water

works of common interest. Moreover, a specific drought strategy

for the whole Niger River Basin must be made available after

many investigations of various kinds. The strategy might in-

clude, for example, the coordinated operation of all major water-

works, particularly during very low streamflow years, for the

benefit of all riparian countries.

• In summary, drought planning and management in the Niger River

Basin should have a mix of short-term and long-term measures,

emergency measures as well as development projects. All types
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of measures are aimed at increasing the efficiency of agricul-

tural use of water by production adjustment, water conservation,

specialization of area of rainfed farming, and river regulation.

The surplus of water generated by implementing these measures

in normal years must not be used to increase artificially the

demand of water (say, more irrigated land) since they will have

catastrophic effects when a drought occurs, as made evident by

past experience. Rather, the above measures should make the

basin countries able to withstand the effects of future severe

drought. Put in concrete terms, the water saved from the above

measures during good years ought to be used only in the event

of a drought.

The success of the above strategy will depend upon the coordina-

tion with other strategies in all other economic sectors, particularly

those with high water demand. If properly managed, the water resources

of the Niger River Basin would play a major role, not only in alleviating

the adverse effects of future droughts but also in promoting economic

development, social well-being and improvement of the fragile 
environment

for the benefit of all basin countries.
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