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Abstract
Regional climate models that take into account land-use changes indicate that in the future, a general decrease in rainfall,
together with prominent surface heating, can be expected for sub-Saharan Africa and the region north of the Sahara until
2050. Due to high population growth, land use changes rapidly and influences water availability and water demand. In this
context, the research project IMPETUS (‘An Integrated Approach to the Efficient Management of Scarce Water Resources in
West Africa’) offers a range of options for sustainable management of different components of the hydrological cycle. Target
areas are the Ouémé basin in Benin and the Drâa catchment in Morocco. This paper concentrates on the Ouémé basin.
Based on plausible scenarios of future economic, demographic, and climate developments, the effects of land use, land
cover change, climate change, and demographic development on water availability and water demand are quantified. Scenarios of future water availability and water demand for the Upper Ouémé (Benin) catchment are discussed. To calculate
water availability, the output of a regional climate model was linked to a hydrological model that also considered land use
change calculated by a cellular automata model. Future water requirements were computed by linking population growth and
per capita water demand, which was derived from a regional survey. Furthermore, the need for water for animal husbandry
was considered.
The results of the ‘business as usual’ scenario, combined with IPCC Scenarios A1B and B2, through the year 2045 are
presented. The results reveal a significant decrease in water availability (surface water and groundwater) due to a decrease in
rainfall and a significant increase in evapotranspiration. Although total water consumption increases strongly, it represents
only about 0.5% of the yearly renewable water resources. Comparing these data, it may be concluded that water scarcity is
not a problem in Benin. However, water availability shows high temporal variations due to the rainy and the dry seasons.
Even if physical water scarcity is not a limiting factor, access to water in some parts of the catchment is limited due to
economic factors.
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Introduction
Since the early 1970s, tropical West Africa has suffered from a
prolonged drought that reached its peak in the first half of the
1980s. All climatic zones, from the semi-arid Sahel and the subhumid Sudanese zone to the humid Gulf of Guinea have been
affected. In addition, the area north of the Sahara desert has
experienced a number of dry years since the 1970s. The situation
is aggravated by increasing water demand, mainly due to high
population growth, which reduces per capita water availability
dramatically.
In order to solve present and possible future problems with
regard to freshwater supply, an interdisciplinary and holistic
approach is clearly necessary. This is done for West Africa in the
present initiative named IMPETUS (‘An Integrated Approach to
the Efficient Management of Scarce Water Resources in West
Africa’), a joint venture of the Universities of Cologne and Bonn,
Germany. The work done within IMPETUS is part of a research
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programme concerning the global water cycle (GLOWA), which
is financed by the German Federal Ministry of Education and
Research (BMBF). The aim of GLOWA is the development of
strategies for sustainable future water management at a regional
level while taking into account global environmental changes
and socio-economic framework conditions.
West Africa was chosen because it has experienced the most
pronounced inter-decadal climate variability in the world during
the 20th century; and the regions north and south of the Sahara
might be linked via atmospheric teleconnection processes with
regard to precipitation anomalies. The first results have provided
evidence for the existence of such a link by atmospheric moisture transport out of the area of the ITCZ over the Western Sahel
zone northward across the Sahara Desert towards the Atlas
Mountains (Knippertz et al., 2003).
Along a transect between the Atlas Mountains and the Gulf
of Guinea (Fig. 1), two river catchments were chosen according
to the following criteria: feasibility (< 100 000 km 2), availability
of pre-existing data sets, politically stable conditions, relevance,
and representativeness in the following sense: the Drâa catchment
in southeast Morocco is typical of a gradient from humid/subhumid subtropical mountains to their arid foothills; the Ouémé
basin in Benin is typical of the wet and dry sub-humid climate
(‘Guineo-Soudanien’) of the outer tropics embedded within a
transect from the Sahelian to the Guinean Coast climate.
Based on global general circulation models, the Fourth
Assessment Report (AR4) of the Intergovernmental Panel on
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