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Figure 8
Renewable water resources in the Upper Ouémé catchment.
Shown are the means of the three ensemble runs with the mini-
mum and maximum of the three runs.

temperature. For Scenario B1, the reduction of available water
is less significant than for scenario A1B. While for the whole
HVO the mean water availability is about 262 mm/a for the dec-
ade 1993-2003, only 129 mm/a was simulated for Scenario A1B
and 141 mm/a for Scenario B1 (2015-2025). Projected mean dis-
charge is much lower than expected from a 11 to 14% decrease
in precipitation. This can be explained by the fact that the mean
runoff coefficient in this area is presently about 0.24, and a 10%
reduction of rainfall with comparable ETact values results in a
runoff coefficient of about 0.13. For water availability, differ-
ences in land use changes are as least as significant as climate
change. In the LUCC modelling approach, it was asssumed that
protected areas such as protected forests are still unaffected from
land use change. Furthermore, the areas surrounding larger cit-
ies like Parakou and Djougou are already used as agricultural
land and therefore no further conversion can be expected. All
these processes lead to a significant increase in spatial dispari-
ties which tighten water scarcity.

In Fig. 8, the comparison of the total renewable water
resources per decade is shown for both climate scenarios. As
the climate scenarios were calculated through 2049, the decades
2025-2035 and 2035-2045 were also simulated. Due to a lack of
land use modelling results for this period, the land use remained
constant from 2025-2049. As described before, the climate
model was run three times for each scenario, resulting in six cli-
mate scenarios (ensemble mode). To consider the variability in
climate data, the hydrological model was applied to each of the
climate scenario. Therefore, it was possible to consider and to
evaluate the uncertainty in the climate modelling. As shown in
Fig. 8, the variability from decade to decade is high. Except for
the period 2025-2035, the variability in the Bl Scenario is larger
than that in the AI1B Scenario. Overall, interannual variability
is large in West Africa, which is reflected in the climate simu-
lation and the hydrological model results. Therefore, long-term
simulation as analysed here is a prerequisite for an appropriate
evaluation of the development of water resources.

In Fig. 9, the total water consumption for Scenario B3 is
shown. Although it was assumed that an increase in per capita
water demand per day is low, the increase in total water demand
is high due to high population growth. Benin experiences a pop-
ulation growth of about 3.2%, which results in a doubling of the
population about every 22 years, although locally the population
growth can be much higher due to migration. The values are
higher for domestic water use compared with the first assess-
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Total water consumption in the Upper Ouémé catchment
for Scenario B3

ment of Giertz et al. (2006) because supplementary data of urban
water use were implemented.

The calculations of Gruber and Kuhn (2006) revealed that
the water needed for livestock is four times higher in 2025 com-
pared with 2002, which is caused not only by an increase in the
number of livestock but also by an increase in water consump-
tion by the animals, due to higher air temperatures.

Conclusion

In the presented modelling, the future water availability and
water consumption of the Upper Ouémé catchment was assessed
in an interdisciplinary scenario analysis. With the combina-
tion of LUCC, climate, demographic, and hydrologic model-
ling with water consumption investigations, all impacts on the
future water availability could be assessed. The results revealed
a significant decrease in water availability (surface water and
groundwater) due to the decrease in rainfall and a significant
increase in evapotranspiration.

Although the total water consumption increases strongly, it
represents only 0.57% of the yearly renewable water resources
of the catchment in 2025 for Scenario A1B, and 0.51% for Sce-
nario B1. Comparing these data, it may be concluded that water
scarcity will not be a problem in Benin. Water availability shows
a high temporal variation due to the rainy and dry seasons. Even
if physical water scarcity is not a limiting factor in some parts of
the catchment, access to water is limited due to economic fac-
tors. Groundwater is often not accessible because many villages
lack wells. Instead of groundwater, river water is used, but as
this water is contaminated with dangerous bacteria, it cannot be
considered as drinking water of appropriate quality. In the dry
season, the surface water is not available, and shallow aquifers
dry out. Only people having access to deep wells, pumps, or tap
water are able to secure water for the entire year.

HELP - Hydrology for the Environment, Life and Policy -
is a joint initiative of the United Nations Educational Scientific
Organisation (UNESCO) and the World Meteorological Organi-
sation (WMO). It is anew approach to integrated catchment man-
agement through the creation of a framework for water resource
managers and water scientists to work together on water-related
problems. In this context, the research project IMPETUS was
launched, which provides knowledge, data, models, and SDSS
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for local decision makers. IMPETUS is an example of interdis-
ciplinary research which involves local stakeholders and local
knowledge to enable the persons concerned with water problems
to assess the effects of their decisions.

The presented modelling approach for water availability and
water consumption in the Upper Ouémé catchment is one exam-
ple of the research carried out. Based on plausible scenarios,
the effects of land use and land cover change, climate change,
and demographic development on water availability and water
demand were quantified.

From the scenario calculations, it is clear that until 2025
water scarcity is not a problem on the regional scale in Benin.
The main problems are the annual distribution of water (dry sea-
son vs. rainy season), the local water resources (wells), the water
infrastructure, and the water quality. Although the regional
hydrological investigations cannot directly help here, they are
the fundamental basis for water resource management within an
integrated river basin management structure which is required
to cope with further issues.
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