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MOISTURE AVAILABILITY AND AGRICULTURAL
POTENTIALITIES OF MALI AND NIGER

by
E. Ofori-Sarpong

ABSTRACT

One of the greatest factors limiting agricultural development in
arid and semi-arid regions of Africa is lack of moisture. A country
with adequate moisture has a greai polential for agricultural develop-
ment. It is againts this background that this paper focuses on the ap-
plication of Hargreaves monthly moisture availability index
classification to Mali and Niger in West Africa. The two countries are
classified into moisture regions on the basis of the index and their
relative agricultural potentials are assessed.

INTRODUCTION.

The republics of Mali and Niger are former francophone West African
countries are basically agricultural. They are landlocked and due to recurrent
drought afflictions their economies have not been able to pay their way. The
greatest obstacle to agricultural development in these countries is lack of water. An
atternpt has therefore been made to employ the moisture regions and assess their
suitability for rainfed agriculture,

BACKGROUND

Mali has a tota] land area of 1,240,710 square kilometer and lies between
latitudes 11°N and 25°N. The two countries depend upon their Southern neigh-
bours for access to the sea due to their landlocked location. Mali has a population
density of about 5.1 persons per square kilometer (1976) while Niger has 3.3 per-
sons per square kilometer (1971). Over 80 percent of the inhabitants of both
countries are heavily concentrated in the south and southwest along the valley of
river Niger. In Mali the river Niger flows for 1500 km while in Niger Republic it
flows for 300 km in the Southwestern part.

* Prof. E. Ofori-Sarpong is Head of Department of Geography, MOI Universtty, Eldoret,
KENYA.



The climate of these two countries is tropical continental and rainfall is az- .
sociated with the inter-tropical discontinuity (I'TD) whose northward movement in ; ) . et
summer brings rainfall, while its southward movement brings dry conditions in the | T
harmattan season. As a result from the south and southwest to the north. Conse-
quently the lenght of the growing season reduces northward. Both countries have
two seasons, the short rainy season which lasts for 4 months (June to September)
and long dry season which lasts from October until June. The maximum rainfall is : .
in August in both countries. One characteristic feature of the climate in both Y
countries is the unreliability and uncertainty of the rains (Nicholson, 1980, 1983; 7 N, £
Ofori-Sarpong, 1987). Variability of rainfall in time and space is high. In Mali, the L E ]
annual rainfall varies from 1300 mm in the south to less than 20 mm in the north |
(Fig.1). For instance, Sikasso has an annual mean rainfall of about 1300 mm in the
south while Tessalit (200 12°N) receive about 87 mm. There are no rainfall stations
beyond the latitude of Tessalit but it is expected that the areas beyond have less
than 10 mm a year due to their desert location. In Niger Republic mean annual
rainfall decreases from about 800 mm in the southwest to less than 19 mm in the
northwest in 834 mm and falls off to about 19 mm at Bilma (18° 41°N)Fig.2).
There are no stations beyond 20°N. However it is vety probable that areas beyond
20°N receive no rainfall due to their desert location. Mali embraces all the three
Savannah bioclimates - Guinea, Sudan and Sahel, while Niger republic has two -
Sudan and Sahel (Figs. 3 & 4). In both countries the desert is located beyond 17°N.
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Figuras 2. Nean Annual Rainfall in Miger (om)
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The meonthly moisture availability index used to classify Mali and Niger into

moisture regions was proposed by Hargreaves (1972) and is in Table 1. The mois-
ture availability index (MATI) is a ratio of depemndable precipitation to potential
evapotranspiration (PE). Hargreaves indicated that 75 percent probability of rain- h S
fall occurence is a much more reliable indication of meisture available for crop f
production than mean precipitation. The dependable precipitation that has a
specified probability of oecurence (at least 3 or 4 years) based on the longterm
records (Ofori-Sarpong, 1987). The rainfall records for the stations used in the
analysis exceed 25 years. The PE values were obtained by using the Reddy and Vir-
mani (1980) method based on Penman’s approach. The monthly moisture
availability index values were computed for 17 locations in Mali and 15 locations in
Niger. Hargreaves (1974) employed a classification based on his monthly moisture
availability index to examine crop zonation in northeast Brazil (Table 2). The same
clagsification is used in this study to identify the suitability of rainfed agriculture in
the two countries. The dependable precipitation and the potential evapotranspira-
tion vaiues for the selected stations are shown in Table 3 and 4.

RESULTS

Table 5 ilustrated the monthly moisture availability indices calculated for 17
locations in Mali. The availability of moisture is very deficient between October and
June in most parts of the country. Moisture availebility becomes adequate in the

|« MAURITANIA

¢
Figure 1. Hean Annuzl Reinfull in Halg (mm)

rainy season in some parts while in the wetter parts it beeomes exessive. Locations




TABLE 1. HARGREAVES MONTHLY MOISTURE AVAILABILITY INDEX CLASSIFI CATION

Moisture Availability index (MAI) Classification
0.00-0.33 Very deficient

0.34 - 0.67 Moderately deficient
0.68 - 1.00 Somewhat deficient
1.01-1.33 Adequate

> 134 Bxcessive

Source : Hargreaves (1972).

TABLE 2. HARGREAVES CLIMATIC CLASSIFICATION AND AGRICULTURAL SUITABILITY

Criterion

All months with MAL
of 0.35 or below

One or two months
with MAI of 0.34 or above

Three or four
consecutive months
with MAI of 0.34 or

Five or more
consecutive months
with MAI of 0.34 or
above

Classification
Very Arid
Arid

Semi-Arid
3 - 4 months growing above

Wet-dry

Agricultural Suitability

Not suited for rainfed
agriculture

Limited suitability for
rainfed agriculnure

Production possible for
crops requining
season

Production possible for
crops requiring a good
level of moisture
adequacy during 5 or
more months

Source: Hargreaves (1974)
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TABLE 3. DEPENDABLE PRECIPITATION AND POTENTIAL EVAPOTRANSPIRATION
(PE in Brackets mm) FOR SELECTED STATIONS IN MAL!
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TABLE 4. DEPENDABLE PRECIPITATION AND POTENTIAL EVAPOTRANSPIRATION
{PE In Bracketa mm) FOR SELECTED STATIONS IN NIGER
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Figure 4. Vogotations Zones in Wiger

Figure 3. Vogotations Zones in Hali




beyond 16”N have very deficient availability of moisture during the rainy season. .
The number of months of adequate moisture availability decreases from 6 months . m N
in the south west to zero in the desert region. On the basis of monthly MAI values PUoja s fe
in Tabl; 5, Figure 5 was compiled. - o Tesaalic 000|000 [os0 |

able & also shows the values of monthly MAT computed for 15 locations in 00 10.00 1 0.02 {0.02 | 0.12 { 0.03 | 0.00
Niger Republic, The availability of moisture for rainfed agriculture in Niger is much Kidal 0.00 | 0.00 | 0.00 | o
poorer than in Mali. It is only in the months of July and August that availability of ol R Rl el R °-1°1 020 [ 0.05 [ 6.00
moisture is adequate. It is very deficient from September to June. Unlike Mali, the 900 10.00 | 0.00 [0.00 [ 0.00 | 0.03 [ 0.24 { 0.31 | o, 05 0.01 [ 0.00

X . . X 00 10.00 |Veryamid (g Month 5 g,34

number of months of moisture availability decreases from 4 months in the south-
west o zero in the desert region. Figure 6 depicts the Niger region based on MAI in

Table 6.
The classification of Mali shows that the country falls into four main mois-

ture regions, the wet-dry in the southwest, the semi-arid, the arid and the very arid
which constitutes more than half of the country. In the very arid region, all the
months have an MAT of 0.33 or below. This region is absolutely unsuitable for
rained agriculture. Tomboucton, Kidal and Tessalit are found in the very arid
region. In the arid region are found Gao and Hombori which have one or two
months with MAI of 0.34 or above. This region also has very limited suitability for
rainfed agriculture. In contrast with the classification of Mali regions, the wet-dry

.00 | 0, 0. ey mid |0 Month
. 0.00 | 0.00 | 0,03 { 0.20 033leti|o
0. 00 | 0.00 .. 3 .01 | 0.00 | 0.00 | v, i
. >
0,34

0.00 | 0.00 | 0.00 0.00 | 0.00
- . -00 1004 | .23 | 0.44 [ 0.00 | o -
- L 01 1000 | 0.00 J arig  ° I
1 Month > 0,34

0.00 [ .00 | 0.00 0.00 | 0,
X . 01)0.11 [ 0.48 .81 1 0.28 ;
5 0.01 0.00 | 0.00 Add
X 2Month>0.34
0.00 { 0.00 | 0.00 0.00 | 0,01
X . X 0.07 10.36 | p.45 0.19 oo
X . -01 [ 0.00 | 0.00 | Asid
znomh>o.34

0.00 | 0.00 | 0.00 0.00
z 0020036 o7z 1.04 0.46 | 0.03 [ 0,00 0.00 | Sewsi-arid 3 Month
onth > 0,34

0.00 | 0.00 £.00 | 0.00 0.03 1 0.20 | 0.6 .04 {0.49 | 0.0 )] 3 Semi-ari th >
65 I L L] 3 on| 0,34
00 | 0.00 irard IM
g

0.90] 1.
33 10.50 | 0.09 | 0.00 0.00 | Semi-arid 4 Month > D,SJ‘I

region is absent in Niger. The latter falls into three regious - semi-arid in the south-
west, the arid in the central part and the very arid wich covers about two-thirds of )
the country in the north. Segou 000 /0.00 | 0.00 | 0.01 [ 0.07 | 0.35 Ll-oo 1.53 [ 0.70 | 0.06 [ 0.00

A general examination of Figure 5 and 6 reveals that for rainfed agriculture, Kiee o 06 | 0.00 | 0.00 smbi 4 Month > 0,34
Mali has better availability of moisture than Niger because no part of the latter has ) 1.56 | 2.42 | 0.63 | 024 | 0.00 | 0.00 | serierig
5 or more consecutive months with MAI of 0.34 or above, However, in the West Mahou 000000 | 0.01 |0 4 Month » 0,34
African sub-region, Mali and Niger are among the driest of those where rainfed ? ) [_3 022 [0.62 (161197 [0.97 | 0.16 [ 0.00 | 0,00 Semi-wrid |4 Month » g 34
agriculture has limited suitability. This, the rivers Niger and Senegal are vital to the Bamako 0.00 0.18 (070 | 1.56 | 2 >
econommy of both countries. —— 45 (132 | 020 | 0.00{ 0.00 Semi-arid |4 Month » 0,34

20! 0.00 0.07 1 1.02 | 1.00 2.85 t!.li 0.43 | 0.00 0.00-‘ Wei-dry 3 Month > 0,34

In Mali most of the commercial crops are cultivated in the valleys of rivers
Niger and Senegal. The valleys of these rivers provide adequate and excessive mois-
ture availability for the cultivation of rice and cotton (Fig. 7). Those crops which are
grown without irrigation are found in the wet-dry regions where 5 or more consecu- Kalanz 0.00 | 0.00 [ 0.02 | 0.12 .
tive months with MAT of 0.34 ar above can be found. Sikasso region in the south is [0 ]072 123227 | 185|042 | 0.00 [ 000 Werdry
one of the most important areas where rainfed rice is grown since rice fits into the
moisture availability range. Rainfed cotton is also grown in the same area and other
parts of the wet-dry region as the growth cycle of cotton fits into the moisture
availability range. Some cotton is grown in the semi-arid region but along the Niger
velley at Segou, Moptie and Bamako where irrigation supplies the much needed
moisture. Maize and groundnuts are widely grown in the wet-dry region where the
moisture availability is sujtable for their growth cycle. Maize, according to Pur-
seglove (1972) grows best in areas with between 600-300 mm and where the
availability of moisture is between 150 and 210 days. Sorghum and Millet are the
main staple diet of the people and these are widely grown in the semi-arid region
where different varieties are adjusted to the moisture availability of this region. The
moisture availability for sorghum and millet are fairly adequate from July to Sep-
tember in the semi-arid region as shown in Tables 3 and 4. In the arid region non
intensive subsistence millet and sorghum are grown. This region is predominantly

Sikasyo 0.00 [0 2 - 4 L58 | 0. 0.00 | 0.00 wﬂ"dl}'
00 | 0.02 0.12 1 0.39 0.88 1.73 |2, 3 | L5 38

G Momth » 0,34
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pastoral and nomadic grazing is practised. The moisture availability is so poor in
this region that it is only the hardiest variety of millet that has a chance of surviv-
ing. In the very arid region, due to very deficient moisture evailability, rainfed
agriculture is practically impossible. Nomadism is the way of life of the people in the
region.

In Niger Republic, the wet-dry region is non existent. As a result, all rice cul-
tivation is done in the Niger river valley and in areas with ponds such as Maradi
and Zinder (Figure 8). Cultivation of rainfed rice is absent since moisture
availability necessary for its cultivation does not exist. Groundnut is the most im-
portant commercial crop grown in the country. It is grown in the south and south-
west of the semi-arid region, in areas such as Maradi, Zinder and Tillabery. The
. growth cycle of groundnut fits perfectly into the moisture availability of this region.

Cotton which produces best in the wet-dry region where moisture availability suits
the growth cycle is grown in the semi-arid region in Maradi and Tahoua. At Tahoua
cotton is on the verge of being expanded beyond the normal limit of dry farming
and this is inadvisible since there is insufficiency of moisture availability. The mois-
ture availability here is suitable for varieties of sorghum and millet which are widely
, grown in this region. The general aridity of Niger Republic militates againts the
! production of several crops including tobacco and sugar cane. In the northern
: Sahel, nomadism is the dominant way of life. As a result of the very arid nature of
5 the areas beyond 15°N, camel production is the main occupation. Livestock produc-
tion is concentrated in the semi-arid regions.
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CONCLUSION

The application of Hargreaves moisture availability indices to Mali and Niger
;’. shows that the format can be divided into four main moisture regions - wet-dry,

semi-arid, arid and very arid while the latter encompasses three main moisture
regions - semi-arid, arid and very arid. In terms of rainfed agriculture, Niger has less
potential than Mali as the region with the best moisture availability (wet-dry) is ab-
sent, Consequently the production of certain crops such as tobacco and sugar cane
whose MAI fits into wet-dry region is limited. The basin of river Niger which passes
through both countries is heavily utilized for irrigation which provides adequate or
excess moisture availability, but in Niger Republic, the cultivation of cotton at
Tahoua and its environs is on the verge of being expanded beyond the normal limit
of dry farming. This is not advisable. Cultivation of crops whose moisture

availability does not fit into the growth cycle of a moisture region will lead to low
economic returns,
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