Simulation of hydrological processes in the Simiyu River,
tributary of Lake Victoria, Tanzania
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Abstract
A spatially-distributed hydrologic model (WetSpa) is used to simulate hydrologic processes in the Simiyu River, a tributary
of Lake Victoria, Tanzania. The model combines digital maps of topography, land-use and soil texture with observed daily
meteorological time series to predict discharge hydrographs and spatial distribution of hydrologic parameters in the basin.
The model was calibrated using 3 years of daily observed discharge measured at the mouth of the river at Lake Victoria.
The estimated average travel time of the runoff to the outlet of the basin is about 2.4 days and a maximum of 8 days for the
most remote areas. The model results show that the surface runoff and interflow provide, respectively, 38.6% and 61.4%
of the total discharge, while the contribution of groundwater drainage is about nil. The absence of groundwater drainage
is likely due to the high evaporative demand of the atmosphere, which accounts for about 90% of the total precipitation
being lost by evapotranspiration. The annual water balance estimated with the model reveals that the total outflow to Lake
Victoria is about 475 x 106 m3 per year, which occurs mainly in the wet seasons, i.e. from March to May and from November
to January. The discharge volume produced by agricultural land amounts to about 43 x 106 m3 and may carry agrochemicals
to Lake Victoria.
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Introduction
Lake Victoria is the largest freshwater lake in Africa, and
one of the major sub-basins within the Nile basin, sharing its
resources with Tanzania, Kenya and Uganda (Ningu, 2000;
Phoon et al., 2004). The water quality of Lake Victoria has
been declining due to point and non-point pollution sources
from domestic, industrial and agricultural activities. Pollution
from agriculture consists mainly of fertilisers and pesticides
(Scheren et al., 2000). To address these problems, the riparian countries established the Lake Victoria Environmental
Management Project (LVEMP), a World Bank funded project,
which became operational in 1997, aiming at rehabilitation of
the degraded lake ecosystem.
The main processes affecting the fate of the pollutants
include surface runoff, erosion and sediment transport, and
chemical, biological, and biochemical interactions within the
soil-plant-water system. The hydrological cycle has an especially prominent role in the functioning of these processes.
This means that the task of quantifying, or modelling, pollutant
loads must include consideration of hydrology, water and soil
chemistry, micro-and macro-biology, and many other disciplines (Jolankai et al., 1999).
The main contributions to the pollution of Lake Victoria
from Tanzania are the Mara, Kagera, and Simiyu basins
(Crul, 1995). The Simiyu basin is considered to be one of
the main contributors to the deterioration of Lake Victoria,
because it is relatively large (10 800 km 2), with many
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agricultural activities using agrochemicals (Ningu, 2000),
and generating a high yield of sediments (Lugomela and
Machiwa, 2002). Pollution transport of the Simiyu River to
Lake Victoria is clearly associated with seasonal river flow
patterns. Higher chemical concentrations appear during high
flows indicating that the majority of contaminants is released
from agricultural fields during storm events (Lugomela and
Machiwa, 2002; Henry and Kishimba, 2003; Rwetabula et
al., 2006). Chemicals are mainly transported in dissolved or
particulate form by surface runoff and channel flow. Hence,
proper water quality management cannot be initiated without
a clear understanding of the hydrological processes in the
Simiyu River basin. Therefore, models capable of predicting
flow and water quality are needed to predict the effects of
land use and waste management for decision making.
In this study, a modelling approach is described using
remotely-sensed data, GIS tools, and the WetSpa hydrological
model to predict the Simiyu River discharge and the hydrological characteristics within the basin. The distributed hydrological model WetSpa was originally developed by Wang et al.
(1996) and adopted for flood prediction by De Smedt et al.
(2000) and Liu and De Smedt (2004a).The model is simple to
use, needs very limited input parameters, and generally performs well in reproducing river discharges (Liu and De Smedt,
2004a; Bahremand et al., 2005). WetSpa is also very suited for
basins with limited data, because it contains a large set of preset physical and hydrological parameters that are not site-specific. It has been applied in tropical environments by Liu et al.
(2005) and Nurmohamed et al. (2006), for analysing effects of
climate changes on stream flow by Gebremeskel et al. (2005),
and for prediction of phosphorus transport by Liu et al. (2006).
However, it has not been tested in an ephemeral/intermittent river environment. Hence, the purpose of this study is to
apply the WetSpa hydrological model to simulate hydrological
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