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Vulnerability of water resources 
in North Cameroon to climate 
change1 
 
Cameroon is essentially an agricultural 
economy since approximately 73% of its 
active population is employed in the 
agricultural sector. Unlike the well-
watered southern region, the semi-arid 
less watered northern lowlands are 
mostly dependent on groundwater. 
Streams do exist here but their flow is 
impermanent, given this region’s 
prolonged dry season, especially in the 
Yaéres floodplains  in the Chad basin. 
Ecologically, the north is the most 
fragile zone in Cameroon, with a 
Sahelian climate and vegetation in the 
Far North Province. Barren soils 
constitute some 25–30% of the surface 
area of this province. Consequently, 
agricultural production in this region is 
extremely vulnerable to climatic 
variability. 

The vulnerable Sudano-Sahelian zone is 
threatened by extreme water shortage 
and climate variability. The low and 
extremely erratic rainfall and the high 

                                                 
1  This Policy Note is prepared by R Hassan 
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hydrology and water resources in Cameroon, 
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population density (320/km2 in the 
Mandara mountains) are the major 
sources of pressure on the health of 
ecosystems in this zone. Rainfall ranges 
from 800 to 900mm annually but is 
concentrated mainly in the months of 
July to October, while the remaining 
eight months are dry.  

Farming in the Sudano-Sahelian zone of 
Cameroon depends largely on the 
amount of rainfall. Variations in rainfall 
from year to year and sporadic floods 
and droughts are significant. Rainfall 
variability ranges from 73% to 195% in 
this Sudano-Sahelian zone. This degree 
of variability clearly indicates how 
precarious and unpredictable the climate 
is, and the problems it creates for 
agriculture. The droughts after 1979 
were more severe than those of the 
1960s and early 1970s. There is visible 
evidence of the effects of these droughts, 
such as: (1) Lake Chad is rapidly 
shrinking; (2) Lake Fianga dried up 
completely in December 1984; (3) total 
crop failure in January of 1984 
necessitated the distribution of food 
relief aid; and (4) a central thermal 
electricity plant had to be installed in 
Garoua to compensate for the drop in 
electricity production at the Ladgo 
hydro-electric power plant. 
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River  regimes of the nor thern region 

The northern region stretching from the 
Adamawa high plateau in the south to 
the Chad basin in the north falls within 
the tropical continental climatic zone 
characterized by two seasons, the wet 
and the dry. The length of the rainy 
season decreases from about seven 
months in the Adamawa to three around 
Lake Chad. The river regimes in the 
Adamawa represent a transition from the 
purely equatorial in the south to the 
purely tropical in the north. The regime 
in the southern part is well articulated by 
the Vina at Lahore where discharge 
during peak flow is 89 L/s/km2 and 
during the period of low flow drops to 
1.41 L/s/km2. However, the average is 
23 l/s/km2. Further north, the period of 
low water flow increases. It runs from 
December to June with an April 
discharge of 0.03 L/s/km2 for the Benue 
at Garoua and a peak of 30–50 L/s/km2 
in the months of August and September. 
The Mayo Tsanaga in the northern 
tropical Sahelian climatic regime of low 
mean annual rainfall (700–800mm) has a 
much longer period of no flow for about 
nine months, during which time the river 
is dry.  

The major catchment areas as well as the 
river courses have been modified 
significantly. This modification has 
come from land use intensification and 
the construction of dams along river 
courses. Such transformations have 
disrupted the regular pattern of flow of 
most rivers in this part of the country 
and this has equally affected other 
human activities. 

The impact of forest clearance on 
hydrological processes has been 
controversial. Whereas some argue that 
deforestation is likely to contribute to 

increased runoff and consequently 
stream flow, others claim it would 
decrease runoff. In the western highlands 
of Cameroon, massive deforestation on 
the Bamenda highlands for agricultural 
purposes has contributed to increasing 
seasonality of streams. This is because 
forest clearance has reduced infiltration 
and consequently the recharge of 
groundwater. Delayed recharge of 
groundwater has widened the flow gap 
between low and high waters of streams. 
Closely linked to this is the effect of 
grazing, especially in the cattle grazing 
area of the Adamawa which is 
Cameroon’s main watershed. Most water 
points for cattle have disappeared over 
the years and the streams have become 
highly seasonal because of increased 
evaporation. A strong indication of this 
situation is the fact that most springs 
which have been observed flow 
erratically and are not permanent. 

Reforestation using eucalyptus is the 
most important factor affecting the flow 
of the headwaters of major rivers. Spring 
areas which are colonized by eucalyptus 
have lost about 85% of their discharge 
over a period of 30 years. This is 
because eucalyptus has a deep rooting 
system which can penetrate to the water 
table and hugely increase 
evapotranspiration. The cutting down of 
eucalyptus along water courses in many 
parts of the western highlands has 
revived the regular flow of streams. 

Another factor affecting water is 
urbanization. Increased concentration of 
houses and paved surfaces in urban 
centers in the Western highlands has 
contributed to the canalization of water 
into well defined channels. This has 
reduced the recharging ability of 
groundwater, especially with the onset of 
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the early rains, resulting in pronounced 
seasonality in the flow regimes of rivers. 

Influence of dams 

In Cameroon, dams have been 
constructed for various reasons. Where 
rainfall is variable and unreliable, they 
are constructed not only for generating 
hydro-electric power but also for 
irrigation. Though a few dams are found 
to the south of the Adamawa high 
plateau, many are to the north of the 
Adamawa, an area of scanty rainfall with 
greater rainfall variability and 
unreliability. In the Far North Province, 
for example, the mean annual rainfall 
hardly goes above 600mm and it varies a 
great deal from year to year, so that 
large-scale agriculture cannot be carried 
out without irrigation. Besides irrigation, 
some dams have been constructed to 
provide drinking water.  

Because dams modify the flow of rivers, 
they are an important trigger of 
environmental change. This change 
could be climatic, hydrological or 
ecological. From the hydrological 
viewpoint, rivers such as the Logone, 
Benue, Mayo Oulo and other smaller 
streams in the northern region have been 
significantly modified by dams. The 
huge Maga dam on the Logone, together 
with substantial groundwater abstraction, 
has diverted enormous quantities of 
water from Lake Chad. It is important to 
note that this drop in the Lake’s level has 
been caused not only by deterioration in 
the climate but also by dams and 
groundwater abstraction.  

Climate, water  and agr iculture in 
Nor th Cameroon 

Climate plays a prominent role in 
agriculture because it affects, favorably 

or adversely, the atmospheric conditions 
of a region, the soil’s moisture content 
and fertility, and the vegetation. 
Significant climate change could lead to 
a significant water deficit and increased 
evapotranspiration, particularly in the 
dry Sudano-Sahelian zone of North 
Cameroon. The effectiveness of rainfall 
for crop cultivation is a function of the 
temperature values which affect 
evaporation and transpiration.  

It is particularly important to analyze 
rainfall for the arid areas. Even if there is 
sufficient rain its irregularity can affect 
yields adversely because rain may fail to 
arrive during the crop’s growing stage. 
The final state of the crop depends on 
the soil water budget and the sensitivity 
of the plants, so the dates of the 
beginning and the end of the rains are 
important.  

The rainfall that reaches the soil is not 
all used, because usage depends on the 
timing, intensity and volume of the rains 
and the nature of the soil. This 
observation has led researchers to 
introduce the notion of effective rainfall, 
which is defined as the proportion of 
rain that is effectively intercepted by the 
crop and/or stored in the soil layers to be 
used by the crop.  

For the Benue and Chad basins of 
Cameroon (the fragile river basins) an 
increase in temperature resulting in an 
increase in evapotranspiration would put 
much pressure on the rather scarce water 
resources, especially in the north. The 
area from 8oN to 13oN remains a 
marginal precipitation zone of 
Cameroon. A slight climatic change 
could lead to increasingly frequent 
droughts, which could swell the number 
of environmental refugees. 
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Much of the Far North Region extends 
north of latitude 10oN to Lake Chad, 
where the shortage of water and 
increasing aridity are remarkable. The 
combined effect of decreasing annual 
rainfall and seasonal variations in the 
timing of the rains leads to a decrease in 
agricultural production. Table 1 shows 
the water resource base and Table 2 lists 
some efforts being made to deal with 
water problems. 

Table 1: Water  discharge of some major  
r ivers in Cameroon 

Rivers Mean 
(M3/s) 

Peak 
(M3/s) 

Low 
(M3/s) 

Benoue Garoua 386 6130 1 

Mayo Kebi Kossi 100 1184 0 

Lagone (Lai) 551 2740 50 

 
Table 2: Effor ts in solving the water  problem 
of Nor th Cameroon 

Dam Character
istics 

River  Utility 

Mbakaou  About 2 bill. 
m3 reservoir 

Djerem Regulation of the 
debit of R 
Sanaga. Fishing 

Lagdo 7–8 bill. m3, 
70km long 
(700km2) 

Benue Electricity- 
irrigation and 
agro-industrial 
projects, Fishing 

Yagoua 4 electric 
pumps 

Logone Irrigation for 
SEMRY Phase 
11, 5000–6000ha. 

Maga 36,000–
40,000 ha, 
500 mill. m3 

Logone Irrigation for 
SEMRY Phase 
11, 6000–7000ha 

Chiddifi Series of 
small dams 

Mayo 
Oulo 

Potable water 

Mokolo Hydrologic 
action 

Small 
streams 

Potable water 
Mokolo Town 

Mandara More than 12 
small dams  
realized or 
under 
construction  

Small 
streams 

Potable water, 
irrigation etc. 

 

Increased temperatures reduce surface 
runoff, increase the rate of 
evapotranspiration and reduce the 
amount of water available in the soil in 
the form of soil moisture. Higher 
temperatures could lead to increased soil 
moisture deficits, making it impossible 
to cultivate crops and thus necessitating 
the building of more earth or concrete 
dams to provide irrigation. A change in 
climate may induce a change in the types 
of crops cultivated, towards crops that 
require less water and have a short 
growing season. This could mean that 
cultivation of maize may dwindle in 
favor of sorghum and millets, which are 
hardy plants with relatively low water 
requirements. The annual rainfall 
minimums for the various crops in this 
northern zone of the country have been 
established: 700–800mm for cotton, 
500–700mm for groundnuts, 500mm for 
sorghum and 250mm for millet. The 
reliance on rainfed agriculture here 
would have to give way to more 
irrigation.  

Climatic change 

General observation revealed that sub-
humid or semi-arid intertropical Africa 
experienced a drier climate from 20,000 
to 15,000 years ago, followed by a 
wetter period from 12,000 to 7000 BP, 
and after this period temperatures appear 
to have exceeded those of the present 
day by 1oC to 2oC. This period seems to 
have coincided with that of the largest 
areal coverage of Lake Chad. It is said 
that the shores of the Mega Chad 
extended as far as Maroua. However, 
since then the area of Lake Chad has 
been decreasing. These changes have 
largely been tied to global circulation.  
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Rainfall patterns. A greater part of the 
northern region of Cameroon lies within 
the Sudano-Sahelian zone of Africa. 
This zone has been subject to many 
fluctuations in rainfall regimes over 
time. Dry periods have been preceded by 
wetter periods and vice versa. Thus, 
there has been a succession of droughts 
and floods in the northern part of 
Cameroon with an increasing frequency 
over time. Although droughts are often 
interrupted by heavy rains and floods, 

observations have shown that the general 
trend is towards falling mean annual 
rainfall totals (Figure 1). The northern 
part of Cameroon is a climatically 
marginal area where human intervention 
through grazing and bush fires has led to 
extensive deforestation. This situation is 
accompanied by reduced absorption of 
solar energy, increased surface cooling, 
and reduced emission of energy into the 
atmosphere.  

Figure 1: Rainfall in the Sahel from 1900 to 1980 

Floods are common in North Cameroon. 
They usually occur during the peak 
August–September rainfall period 
During this time, the humid monsoon 
enters the African continent and moves 
through the Sahel zone. Much of the 
moisture it is carrying is deposited 
across this semi-arid zone. The northern 
lowlands of the country have always 
been affected by floods and some of the 
recent episodes are those of 1988 and 
1999.  

Despite these fluctuations between 
floods and droughts, climatic data show 
that the rainfall over the years has been 
on the decline (Figure 1). Ayonghe 
(2001), using trend line computation, 
found that the mean total number of 
rainy days for the years 1940 and 1995 

decreased from 82.1 to 75.4 for Garoua 
and from 72.8 to 70.1 for Maroua.  
 
Temperature trends. Temperatures in 
Cameroon have been on the increase 
since 1930 (Ayonghe 2001). The net rate 
of increase has been 0.95oC between 
1930 and 1995. This increase certainly 
falls in line with the global trend.  

Possible impacts on climatic regimes 

The observed trends in both rainfall and 
temperatures are expected to continue. 
The mean number of days of rainfall for 
Garoua is expected to drop to 67.4 and 
Maroua 66.9 by the year 2060. Climatic 
projections for Cameroon for 2060 have 
assumed a 2oC temperature increase and 
a consequent southwards shift of climate 
belts. Assuming a 2oC increase in global 
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temperatures, the Mandara mountains in 
the Far North would be encircled by the 
29oC isotherm, while much further 
north, towards Kousseri, the mean 
annual temperatures would be getting 
closer to 32oC. Overall therefore, the 
Benue basin and the Diamaré plains 
would become much hotter.  

In contrast to these isothermic values, 
the values for the isohyets would reduce 
northward. Studies carried out by 
Beauvilain (1985) show that isohyets 
shifted southward by a distance of about 
100km between 1973 and 1983. The 
future scenario would be an almost 
completely arid climate in the Far North, 
with a mean annual rainfall ranging from 
125 to 250mm, while in the Benue basin 
and on the Adamawa the mean annual 
rainfall amount would have dropped 
significantly. These developments would 
certainly alter the spatial distribution of 
the various climatic conditions, with the 
length of the dry season increasing 
further north, while the three-month 
rainy season common in the Far North 
would shift downward to the Benue 
basin. Thus, the Far North would be 
dominated by purely arid or desert 
climate and the Benue basin of the north 
and the Adamawa by a Sudano-Sahelian 
one. 

The shifting of the climatic belts 
southward is likely to affect hydrological 
processes such as evapotranspiration, 
runoff, infiltration, percolation and 
groundwater flow. A 2oC increase in 
temperature would result in a 21% 
decrease in the annual runoff. Rivers 
such as Mayo Tsanaga and Mayo Sara 
would cease to flow altogether. This 
would reduce the volume of runoff of 
the Benue and Logone Rivers flowing 
into Lake Chad, which in turn would 
lower the level of Lake Chad, which is 

likely to become almost non-existent by 
2060, having been deprived of water by 
the drying up of feeder streams. Equally, 
the headwaters of the Benue would have 
runoff characteristics similar to those 
existing in the northern lowlands today.  

There would also be a substantial 
reduction in the soil moisture and 
groundwater storage because of reduced 
infiltration and percolation. The 
groundwater recharge ability would 
decrease significantly because of the 
increase in the length of the dry season. 
However, the extent of the reduction 
would depend on the soil type and the 
underlying geology. 

It is obvious that by affecting the 
hydrological processes climate change 
would also affect water resources, 
because it affects not only the quantity 
of water available but also the timing of 
its availability. All this would in turn 
affect agriculture, hydro-electric power, 
manufacturing and urban development. 
The future scenario for the hydrological 
processes described suggests that the 
quantity of water available will decrease 
significantly because of the shifting of 
drier climatic belts southward, with the 
associated increasing variability in the 
rainfall pattern. This reduction would in 
turn lead to a decline in agricultural and 
industrial activities in North Cameroon 
because this region depends on the 
Lagdo dam for its energy. 

Since much of the catchment area of the 
Sanaga river is in the Adamawa, the 
decrease in the mean annual rainfall over 
this highland will lead to a 
corresponding decrease in the discharge 
of the Sanaga. This could affect 
economic activity, especially 
manufacturing in the industrial zones of 
southern Cameroon. The current 
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fluctuations in the flow of the Sanaga, 
with the attendant electricity rationing 
policy, would be intensified.  

The overall decrease in the quantity of 
the water would exacerbate the current 
water supply crisis in many rural areas 
of the north. The increasing length of 
time for the recharge of groundwater 
because of the prolonged dry season 
could cause a drop in the water table and 
a drying up of some of the wells which 
constitute the main source of water for 
the majority of the people in the rural 
areas of the north. Springs on which 
people depend would also dry up. The 
quality of water in most areas in the 
north will also be affected. As flows 
reduce, there is less dilution of effluents.  
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The agricultural sector in sub-Saharan Africa is predicted to be especially vulnerable to climate 
change because this region already endures high heat and low precipitation, provides the livelihoods 
of large segments of the population, and relies on relatively basic technologies, which limit its 
capacity to adapt. This series of Policy Notes reports on the methods and results of the first 
continent-wide study of this kind assessing how the economic well-being of African farming 
communities is currently affected by climate, predicts how future climate change effects may unfold 
under various possible global warming scenarios, and evaluates the roles adaptation to climate 
change could play. The study is based on collaborative research efforts conducted in 11 countries: 
Burkina Faso, Cameroon, Egypt, Ethiopia, Ghana, Kenya, Niger, Senegal, South Africa, Zambia and 
Zimbabwe. The sampled districts used as the unit of analysis cover all key agro-climatic zones and 
farming systems in Africa. This is the first analysis of climate impacts and adaptation in Africa on 
such a scale and the first in the world to combine cross-country, spatially referenced survey and 
climatic data for conducting an analysis that uses economic impact assessment methods, river-basin 
hydrological modeling and crop growth simulation techniques. 


