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Climate change and 
sub-Saharan agriculture
Changes in the global climate are expected to have major impacts on agriculture. 

Sub-Saharan Africa, in particular, will experience declining yields. Using GIS 

models, Eawag is studying how climate change will affect agricultural output in 

this region, and how farmers can increase crop production – both in general 

terms and under changing climatic conditions.

In sub-Saharan Africa, agricultural productivity rates for the cul-

tivation of staple crops such as maize, wheat, millet and rice 

are among the lowest worldwide. Along with extreme events – 

droughts, torrential rains or insect infestations – one of the main 

problems is the depletion of soil nutrients. Often, the plant varie-

ties grown are not ideally adapted to the environmental conditions. 

In addition, many smallholders harvest not only the corn but the 

entire plant, for use as fodder, fuel or building material, thereby 

depriving the soil of nutrients. In most cases, they cannot afford 

to buy mineral fertilizers. On average, fertilizer consumption in this 

region is less than 5 per cent of that in industrialized countries. 

Less than 4 per cent of the area under cultivation is irrigated.

Seeking regionally adapted solutions. In recent years, several 

studies have sought to estimate the impacts of climate change 

on agricultural productivity in sub-Saharan Africa with the aid of 

statistical analyses or crop growth models; the picture they paint 

is generally bleak. In some areas, according to these studies, yield 

reductions of more than 50 per cent are to be expected by the 

end of the century. At the same time, local actors are success-

fully developing methods of increasing agricultural production and 

mitigating the adverse effects of a changing climate. Potential 

solutions are also being explored by scientists in a large number 

of field studies.

In our ongoing project, we are using a regional crop growth 

model to estimate the impacts of climate change on sub-Saharan 

agriculture and to assess and compare the effectiveness of vari-

ous methods of increasing productivity. The aim is not to identify 

a solution applicable for the entire subcontinent, but to investigate 

which methods are most promising for specific areas.

For our simulations, we use the Environmental Policy Inte-

grated Climate (EPIC) model, which is one of the most well-estab-

lished programs for the modelling of agricultural systems [1]. To 

make EPIC suitable for grid-based output maps, it was coupled 

with a geographic information system (GIS-based EPIC = GEPIC) 

in an earlier Eawag project. To obtain appropriate (raster format) 

input data, we divided the study area into grid cells. Each cell rep-

resents an agricultural unit with an individual dataset, comprising 

e. g. climate, soil type, slope, irrigated area and fertilizer input. The 

range of input data can be extended as required. The resolution 

can also be adapted, according to the granularity of the data; at 

present, it is set at 50 × 50 kilometres. In addition, management 

measures for the crops in question are fed into the model [2].

From this data, the model calculates the biomass and crop 

yield, evapotranspiration, nutrient cycling, erosion, soil water bal-

ance and numerous other variables. These can be directly evalu-

ated in the GIS or combined with other raster datasets such as 

population statistics (e. g. for food availability per capita).

Influence of socio-economic factors. In estimations of this kind, 

socio-economic factors – especially the health status of the popu-

lation – play an important role. Thus, quite apart from the human 

tragedy, HIV prevalence rates of up to 30  per  cent (Botswana) 

and the persistence of widespread cholera and malaria epidemics 

Labouring in the barren fields of Eritrea: in agricultural areas of sub-Saharan 

Africa soil degradation is widespread. Very few smallholders can afford to use 

mineral fertilizers.
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somewhat higher CO2 concentrations will allow more biomass 

to be produced. But thereafter, the adverse effects of elevated 

temperatures will predominate in many regions and, on average, 

yields will decline again [6].

A need for innovative farming methods. How can smallholders 

in sub-Saharan Africa adapt their cultivation practices to chang-

ing climatic conditions so as to achieve stable or even increased 

yields?

One approach frequently advocated is that of a “green revolu-

tion”, as pursued by industrialized countries in the 1960s. This 

would involve in particular the use of mineral fertilizers, irrigation 

systems and higher-yielding varieties. But the price of fertilizers in 

sub-Saharan Africa is 4 to 6 times the global market price – mainly 

as a result of high transport costs. Local fertilizer production is 

marginal and has only limited potential for development in the 

medium term, owing to the high energy requirements.

As well as these cost-intensive options, however, various 

low-cost methods exist. For example, several studies have found 

in situ rainwater harvesting to be highly promising. This involves 

soil management measures which promote infiltration of water 

into the soil. In areas with heavy but irregular rainfall, this means 

that, rather than running off the surface, water is stored in the 

ground and is thus available to plants during the growing period. 

With this method, yields can be increased locally by a factor of 

2 to 4. Above all, rainwater harvesting makes it possible to com-

pensate for fluctuations in precipitation.

As regards the addition of nutrients, low-cost alternatives 

also exist. Nitrogen-fixing legumes – including local varieties 

such as Sesbania sp. or Vicia faba (broad bean) – can be grown 

in rotation or in combination with nutrient-intensive crops such 

as maize. Another option which has proved successful in field 

trials is agroforestry, where for example a nitrogen-fixing acacia 

(Faidherbia albida) is grown alongside crops as a source of shade 

and nutrients.

Higher yields with nitrogen fertilizers. Most of these manage-

ment measures can be assessed with GEPIC. So far, however, we 

have mainly simulated the effects of high-input methods (nitrogen 

fertilizers and irrigation), as these permit an estimation of the yield 

limit and serve as a reference.

In a preliminary study, we have already evaluated a selec-

tion of agronomic measures for maize cultivation (Fig. 3). If one 

looks at the differences between the simulated effects under 

Increased yields thanks to low-cost measures: in a field trial in South Africa, maize with more reliable supplies of water (left and right), from in situ rainwater 

harvesting and the application of greywater (mainly wash water), grows better than control plants (middle).
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