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Abstract

A spatially distributed hydrologic model (WetSpa) is used to estimate daily river wa-
ter discharge in the Simiyu river a tributary of Lake Victoria, Tanzania. The model
combines topography, landuse and soil maps, and observed daily meteorological time
series to predict discharge hydrographs and the spatial distribution of hydrological pa-
rameters in the catchment. The elevations in the catchment range from 2000 to 1100 m
at the outlet, with average slope of 1.4%. The dominant landuse types are, wasteland,
grassland, bushland, cultivated land, and a very small area is covered by surface water.
The dominant soil types are sandy loam, followed by sandy clay loam, clay loam, clay,
loam and sandy clay. There are two distinctive seasons in the Simiyu catchment. Short
rains mainly in November, December and January, and long rains in March to May, re-
sulting in a total average annual precipitation of 700 to 1000 mm. The annual potential
evapotranspiration is about 1300 mm, and the river discharge at the catchment out-
let ranges from 0 to about 200 m3/s. Global parameters of the model are calibrated
using three years of daily observed discharge values measured at the mouth of the
river at Lake Victoria. The estimated average travel time of the runoff to the outlet of
the catchment is about 2.4 d and maximum 8d for the most remote areas. The model
results also show that the surface runoff and interflow provide respectively 38.6% and
61.4% of the total runoff, while the contribution of groundwater drainage is nil. The
absence of groundwater drainage is probably due to the high evaporation 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 500x10° m® per year, which occurs mainly in
the wet seasons, i.e. from March to May and from November to January. The volume of
runoff produced by agricultural land amounts to about 9% of the total runoff annually.
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1 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 activi-
ties. Pollution from agricultural activities is mainly fertilizers and pesticides (Scheren et
al., 2000). To avoid such problems and environmental concern, 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 pollutants include, surface runoff, erosion
and sediment transport, and chemical, biological and biochemical interactions within
the soil-plant-water system. The hydrologic cycle has an especially prominent role in
the functioning of these processes. This means that the task of quantifying, or mod-
elling pollutant loads must include consideration of hydrology, water and soil chemistry,
micro-and macro-biology, and many other disciplines (Jolankai et al., 1999).

Tanzanian river basins polluting Lake Victoria are mainly Mara, Kagera, and Simiyu
(Crul, 1995). The Simiyu catchment is considered to be one of the main contributors
to the deterioration of Lake Victoria, because it is relatively large (10800 km2), with
many agricultural activities using agrochemicals (Ningu, 2000), and generating high
yields 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 gross amount
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 by surface runoff in dissolved or particulate form. Hence, a
proper water quality management cannot be initiated without a clear understanding
of the hydrological processes in the Simiyu river basin. Therefore, models capable
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of predicting flow and water quality, are needed to study the hydrologic behaviour of
the catchment and to predict effects of land use and waste management for decision
making.

In this study, a modelling approach is described using remote sensed data, GIS and
a hydrological model to predict the Simiyu river discharge and the hydrological char-
acteristics of the catchment. The 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). It has been applied in tropical environments by Liu et
al. (2005), for analyzing the effects of climate changes on stream flow by Gebremeskel
et al. (2005), and for prediction of phosphorous transport by Liu et al. (2006). Until
now, it has not been tested in an ephemeral/intermittent river environment. 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). The
results of the model together with contaminant concentrations will be useful to chemical
loads generated from the Simiyu catchment and finally deposited in Lake Victoria.

2 Materials and methods
2.1 WetSpa model (theory)

The WetSpa model is a grid-based distributed hydrological model for predicting the wa-
ter and energy transfer between soil, plants and atmosphere on regional or basin scale
as proposed by Wang et al. (1996), and further applied by many researchers for flood
prediction and stream flow simulations (De Smedt et al., 2000, 2004; Liu et al., 2002;
Liu and De Smedt, 2004b; Bahremand et al., 2005). Hydrological processes consid-
ered in the model are precipitation, interception, depression storage, surface runoff,
infiltration, evapotranspiration, percolation, interflow, groundwater flow, and water bal-
ance in the root zone and the saturated zone. The detailed procedure of running the
model and parameters selection is explained in the user manual (Liu and De Smedt,
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2004a).

The water balance in the root zone is important, because soil wetness is a key factor
controlling the amount of surface runoff, interflow and groundwater recharge. The water
balance for each grid cell in the root zone is computed as:

AG
Dir=P-1-S-E-F-R (1)
where: D=root depth [L], AB=change in soil moisture content [L3 L"3], At=time interval
[T], P=precipitation [LT‘1], /=initial abstraction including interception and depression
storage [LT™'], S=surface runoff [LT™"], £=evapotranspiration [LT~'], F=amount of
interflow [LT‘1], and R =percolation to groundwater [LT‘1].

Interception depends on storm intensity and, vegetation characteristics, and depres-
sion storage is controlled by slope, soil type, and landuse. Water loss by interception is
returned to the atmosphere through evaporation, while water held in depressions either
evaporates or contributes afterwards to infiltration. The remaining rainfall is separated
into runoff and infiltration depending on landcover, soil type, slope, and antecedent
moisture content of the soil. The infilirated part of the rainfall may contribute to soil
moisture in the root zone, move laterally as interflow, or percolate further down as
groundwater recharge depending on the water holding capacity of the soil. Evaporation
from the soil and transpiration from vegetation is regulated by the evapotranspiration
demand of the atmosphere, soil and plant characteristics, and soil wetness.

The surface runoff is computed by using a moisture related runoff coefficient method

S =c,(P-1)(8/6,)° (2)

where: 6 =saturated soil moisture content [L3L"3], c,=potential runoff coefficient [-]

depending on slope, landuse and soil type, and a=empirical parameter [-]. Exponent

a [-] in the formula is a variable reflecting the effect of rainfall intensity on runoff gen-

eration. The value is higher for low rainfall intensities resulting in less surface runoff,

and approaches 1 for high rainfall intensities. Potential runoff coefficients were col-

lected and compiled from literature (Dunne, 1978; Chow et al., 1988; Browne, 1990;
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Mallants and Feyen, 1990) and linked to slope, soil type and landuse classes using
lookup tables (Liu and De Smedt, 2004a). Evapotranspiration from soil and vegetation
is calculated using the relationship developed by Thornwaite and Mather (1955) as a
function of potential evapotranspiration, vegetation type, stage of growth, and soil mois-
ture content (Liu et al., 2002). Actual evapotranspiration is computed as a fraction of
potential evapotranspiration in function of landuse and soil type. A portion of the tran-
spiration is taken from the groundwater storage. Finally, the total evapotranspiration
is calculated as the sum of evaporation from interception storage, depression storage
and evapotranspiration from soil and groundwater storage.

Interflow and percolation are assumed to be gravity driven as suggested by Famigli-
etti and Wood (1994), and are supposed to occur when the soil moisture is higher than
field capacity, in function of hydraulic conductivity, moisture content, slope angle, and
root depth. Groundwater flow is estimated using a simplified lumped linear reservoir
on small GIS derived sub-basin scale, while a non-linear relationship between ground-
water flow and groundwater storage is optional in the model (Wittenberg 1999; Liu and
De Smedt, 2004a).

The surface runoff generated according to Eq. (2) is rooted from each location to the
basin outlet by the diffusive waveform approximation of the St. Venant equation, used
in the model to simulate both overland flow and channel flow:

2
0Q  0°Q 060

ot~ oxz  ox
where: @Q=discharge at location x and time ¢ [L3 T"1], x=distance along the flow path
[L], C=wave celerity [LT"1 ], and D=dissipation coefficient [L2 T"1]. The wave celerity C
and dissipation coefficient D depend on flow velocity, flow depth, and terrain character-
istics. The flow velocity v [LT_1], is computed using the Manning equation:

©)

v=1res) (@)

where: R=hydraulic radius [L], n=Manning roughness coefficient [L’1/3T], and
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Sp=surface slope [LL'1]. The celerity C of the diffusion wave is given as (5/3)v and
the dissipation coefficient D as vR/2S, (Henderson, 1996). Under the assumption
that the hydraulic radius is a static terrain characteristic that does not change during a
flood event, it follows that C and D only depend upon position and can be determined
from basic landuse and soil data. An approximate solution of Eq. (3), in the form of an
instantaneous unit hydrograph (IUH), relating the discharge at the end of flow path to
the available runoff at any upstream location is given as (De Smedt et al., 2000; Liu et

al, 2003):
2
U(t) = ;exp [— (= fo) ] (5)
o\ /2711‘3/1‘8 20%t/t,
and
t
Q(t) = / / P-NH()U({t-1)d1dA (6)
4lo

where: U(t)=flow path unit response function [T_1] which routes excess water from
any grid cell to the basin outlet or any downstream convergent point, ¢ ,=average travel
time to the outlet along the flow path [T], o=standard deviation of the flow time [T],
Q(t)=outlet flow hydrograph [L3 T_1], T7=time delay [T], A=drainage area of the wa-
tershed [L2]. Parameters t, and o are spatially distributed and can be obtained by
integration along the topographical determined flow paths as a function of flow celerity
C and dissipation coefficient D as suggested by De Smedt et al. (2000):

t, = /C“dx (7)

and

o= ‘//ZDC—de (8)
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Hence, the flow routing involves tracking of surface runoff and interflow along its topo-
graphic determined flow path, such that a response function is obtained for every grid
cell to the catchment outlet or any other downstream convergence point. The routing
response serves as an instantaneous unit hydrograph and the total discharge is ob-
tained by convolution of the flow response from all grid cells using Egs. (5) and (6).
The total river discharge at the downstream convergence point is obtained by superim-
posing all contributions from every grid cell, and the groundwater outflow generated in
each subcatchment.

The main inputs to the model are digital data of elevation, soil type, and landuse in
raster format, and observed time series of precipitation and potential evapotranspira-
tion. Observed river discharge time series are optional for model calibration. The basic
output parameters of the model are the predicted hydrographs at the catchment outlet
or at any selected subcatchment outlet. Other outputs are spatial distributions of the
simulated hydrological parameters in the form of GIS maps.

2.2 The Simiyu catchment and field data collection

The Simiyu catchment is located in the southeast of Lake Victoria Tanzania (Fig. 1)
and covers an area of about 10800km?. The topography is generally flat with small
undulating hills. The elevation in the catchment ranges from maximum 2000 m to mini-
mum 1100 m at the outlet, with an average slope of about 1.4%. Digital elevation data
(DEM) were obtained from topographical maps on scale 1:50000. A soil map was
developed using field reconnaissance and information from literature (Meertens et al.,
1996; FAO, 2002). The landuse map was obtained from satellite images (Landsat 7
ETM+) of 2001, with a resolution of 28.5m, using Idrisi32 release 2 image process-
ing software and training sites for supervised classification method (Rwetabula and De
Smedt, 2005). All GIS data is raster based with a 100 m grid size. Figures 2, 3, and 4
show the topographic elevation map of the Simiyu catchment, the spatial distribution of
the different land uses, and the soil texture. The dominant landuse types are wasteland
(mixed bare land and short grasses) (46.5%), grassland (25.5%), bushland (19.7%),
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and cultivated land (8.3%), while a very small (less than 1%) area is covered by sur-
face water. The Serengeti national park/game reserve covers the upstream part of the
catchment in the east and is dominated by dense grassland and bushland. The domi-
nant soil types are sandy loam (63.8%), sandy clay loam (13.5%), clay loam (12.9%),
clay (5%), loam (2.9%), and sandy clay (1.9%).

The catchment has a warm tropical savannah climate with an average temperature
of about 23°C. Five and half years of climatological observations from January 1999 to
May 2004, at three stations located in or near the Simiyu catchment, show distinctive
wet and dry seasons. The wet season is characterized by short rains mainly in Novem-
ber, December and January, and by long rains from March to May. The total average
annual precipitation varies between 700 and 1000 mm, of which 39% occurs in the
long rain season from March to May, 41% in the short rain season from November to
January, and 20% for the rest of the months. Figure 5 shows the monthly variation of
rainfall, potential evapotranspiration and average monthly discharge at the catchment
outlet of the Simiyu river. The monthly potential evapotranspiration in the catchment as
derived from pan evaporation data (FAO, 1997) ranges from about 80 mm in the short
rain season to 140 mm in the dry season, yielding a total annual potential evaporatran-
spiration of about 1300 mm.

No discharge measurements have been performed by the authorities although river
water levels have been recorded regularly since 1999. For this study water levels
were recorded daily from 2001 to 2004 and river discharge measurements were mea-
sured regularly using calibrated current meters i.e. type A OTT propeller V-Arkansas
and Global Water Flow Probe FP101. Daily discharge values were estimated from the
recorded water level readings, which were converted to discharge values using rat-
ing curves as described in literature (Shaw, 1988; Chow et al., 1988). Float method
discharge measurements were used to cross-check discharge measurements as de-
scribed by Wanielista et al. (1997). The average monthly discharge ranges from zero
to about 34 m%/s. Minimum or no discharge appears in the dry season mainly in June
to October. In general, discharges of about 30 m>/s on average are recorded in the rain
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seasons.

3 Model application
3.1 Model input parameters

Model parameters are automatically derived from the topography, soil and landuse
maps using lookup tables. From the DEM, hydrological features as surface slope,
flow direction, flow accumulation, stream network, stream order and sub-catchments
are delineated. The threshold for delineating the stream network is set to 100 pixels,
meaning that a cell is considered being drained by a stream when the upstream drained
area becomes greater than 1 km?. The threshold value for determining subcatchments
is set to 3000 pixels or 30 km?, by which 199 sub-catchments are identified with an av-
erage sub-catchment area of about 54.3 km?. The calculated catchment slope ranges
from very flat areas (ponds, reservoirs, etc.) to maximum 35.5% for very steep slopes.
Soil hydraulic conductivity, porosity, field capacity, residual moisture, pore size distribu-
tion index, and plant wilting point for each grid cell are derived from the soil map. The
interception storage capacity and root depth parameters are derived from the landuse
map. The stream network and hydraulic radius are derived from the DEM. The aver-
age hydraulic radius varies between 0.005 m for runoff areas and is maximum 4.3 m at
the outlet of the main river. The Manning roughness coefficient for both land surfaces
and river channels is estimated based on landuse and stream order. The Manning
coefficient for the river channels is linearly interpolated based on stream order with
0.075m~"/% s for the lowest order and 0.035m™~"/® s for the highest order.

The potential runoff coefficient and depression storage capacity are calculated from
the slope, soil type and landuse combinations. Figure 6 shows the distribution of the
potential runoff coefficient. As the catchment is relatively flat, the potential runoff co-
efficient is strongly influenced by soil type and landuse. Potential runoff coefficients
are higher in areas with clay soils and grass or bareland cover than in areas with
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sandy loam soils and bush. Obviously higher potential runoff coefficients observed
in areas covered by clay soil can be related to low infiltration capacity of clay soils
(Wanielista et al., 1997). The average potential runoff coefficient of the Simiyu catch-
ment is about 0.28, which is a typical value for a relative flat area with mixed cultivated
or pasture/range land (Chow et al., 1988).

The maps of precipitation, temperature, and potential evapotranspiration are created
based on the geographical locations of each measuring station and the catchment
boundary using the Thiessen polygon method. Maps of flow velocity and mean and
standard deviation of the travel time to the basin outlet are generated, by which the
IUH of each grid cell to the basin outlet can be calculated. Figure 7 shows the esti-
mated average travel time to the basin outlet. The travel time is 2.4 d on average and
maximum about 8 d for the most remote areas in the Serengeti game reserve.

3.2 Model calibration

The WetSpa model is run using the observed rainfall and potential evapotranspiration
time series, and calibrated against the daily stream flow measurements at the catch-
ment outlet for the time period from June 2001 to May 2004. Calibration is done by
incorporating a model independent parameter estimator PEST (Doherty and Johnston,
2003). In this automated calibration procedure, the best set of parameters is selected
from within a reasonable range, by adjusting values until the discrepancies between
observed and simulated hydrographs is reduced to a minimum in the weighted least
squares sense. Prior to the automated calibration, investigation of parameter sensitivity
is performed and the automated calibration is applied focusing only on the most sensi-
tive parameters of the WetSpa model (Liu and De Smedt, 2004a; Bahremand and De
Smedt, 2006), i.e. baseflow recession constant, initial soil moisture, interflow scaling
factor, evapotranspiration correction factor, and surface runoff parameters (runoff expo-
nent and maximum rainfall intensity). The snowmelt parameters are not involved in the
calibration process as the corresponding processes are irrelevant in the Simiyu catch-
ment. Also, spatial parameters and parameters in the lookup tables are not calibrated
891

and remain fixed as default values.

The optimization reveals that the baseflow recession coefficient is zero, and conse-
quently the model predicts that there is no groundwater drainage to the Simiyu river.
This corresponds to the actual situation as Simiyu river is ephemeral, with flows oc-
curring only during the rainy season and no flow during prolonged dry periods. The
optimization also shows that the initial moisture content of the soils at the start of the
simulation period is very small, which is again likely due to prolonged drought and
high evaporative demand of the atmosphere. The interflow is found to be rather large
what can be related to the soil types and the effect of vegetation especially in the up-
stream part of the Simiyu catchment. Most soils in the Simiyu catchment are Planosols
(FAO, 2002), characterized by an alluvial horizon with loamy sand or coarser textures
of which the lower boundary is marked within 100 cm from the surface by an abrupt tex-
tural change to a less permeable subsoil with significantly more clay material than the
surface horizon (FAO, 2002). This explains some of the special conditions in the Simiyu
catchment. The sandy loam soils with a relative high permeability would normally pro-
mote infiltration and groundwater recharge, but here the opposite is observed. The
less permeable subsoils promote stagnant soil water and subsequent loss by evapo-
transpiration and by interflow. This explains why precipitation easily infiltrates into the
soils but does not lead to groundwater recharge, and why interflow becomes far higher
than normally expected and groundwater storage and drainage are insignificant.

3.3 Model results and discussions

After calibration the model performance is verified for a larger period, because the
dynamics of the hydrological processes in the basin can change significantly over long
periods of time in response to the variability of the rainfall from year to year. Hence,
keeping the same calibrated parameters, the model was used to simulate measured
discharges at the catchment outlet from January 1999 to May 2004. The simulated
results are compared with daily observed discharge, both graphically and statistically.
The predicted and observed hydrographs are presented in Fig. 8.
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As can be seen in Fig. 8, river discharge, concentration time and flow volumes are
accurately predicted. The maximum recorded peak rainfall intensity is about 48 mm/d
and the corresponding maximum observed peak discharge is 208 m®/s. Generally, river
discharges are well simulated suggesting that the model is able to capture the long-
term dynamics of the river Simiyu reasonably. However, some peak discharges are
not well reproduced, possibly due to insufficient spatial distribution of rainfall gauging
stations, that do not allow to capture accurately all local rain events in the 10800 km
catchment, and/or the daily water velocity at the catchment outlet that may not capture
short term flush flows.

The necessary of precipitation gauging stations per unit area (precipitation gauge
density) is discussed by Shaw (1988) and Wanielista et al. (1997). The minimum den-
sity of precipitation stations for flat areas as reported by Shaw (1988) ranges from 600
to 900 km2/gauge. Therefore at least ten stations are needed for a large catchment
as the Simiyu river, while at present there are only three stations, of which only one
is located inside the basin (Fig. 1). Also, the discharge estimated from the daily water
levels recording cannot capture all flow variations. Hourly or half hourly recordings are
needed to accurately monitor flood hydrographs of short duration. A last source of
error can be runoff retained by intermediate storage in the basin, a process that is not
included in the WetSpa model.

Four hydrological model evaluation criteria are applied to asses the performance of
the model (Hoffmann et al., 2004; De Smedt et al., 2005): (1) model bias or aver-
age error between observed and predicted discharge expressed as percentage of the
average observed discharge (2) model efficiency (Nash and Sutcliffe, 1970), i.e. the
ratio of the variance of the model bias and the observed flows; (3) and (4) modified
model efficiencies evaluating the ability of the model to reproduce low flows and high
flows respectively. The WetSpa model performance over the five years verification pe-
riod excluding gaps of missing discharge observations are: a model bias of 2.4%, a
model efficiency of 57.4 %, and an ability to reproduce low flows and high flows of
54.3% and 66.9% respectively. These results clearly indicate that the model performs
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well, although in other studies (Liu et al., 2002; De Smedt et al., 2004) the WetSpa
model performed better with a model efficiency in the order of 75 to 90%. The lower
performance of the WetSpa model for the Simiyu catchment is evidently caused by in-
sufficient data about the areal variation of rainfall and evapotranspiration and temporal
variation of the discharge at the catchment outlet.

Table 1 shows the estimated mean annual water balance for the five year cycle (June
1999 to May 2004). The estimated amount of surface runoff, interception and infiltration
for the verification period are 17, 50 and 782 mm, representing 2%, 5.9% and 92.1%
of the total precipitation. Next, 42.2% of the infiltrated water percolates out of the
root zone, 53.8% evaporates, and 3.5% becomes interflow. The sum of percolation,
soil evapotranspiration and interflow is not exactly equal to the infiltration, because the
model predicts that there is a net increase of soil moisture storage over the 5 year
period. This must clearly be a temporal effect because there cannot be a continuous
increase in soil moisture storage. Inspection of the rainfall series reveals that the first
two years (1999-2000) are rather dry, while the last three years (2001-2003) are rather
wet. Hence, after the dry years 1999 and 2000 the soil moisture storage has gradually
been increasing during the wetter years 2001-2003 until this effect will be nullified
by the occurrence of a dry period in the future. This also explains why there is a
net increase in groundwater storage but no groundwater drainage to the Simiyu river.
Evidently, due to prolonged dryness the groundwater storage was below drainage level
at the start of simulation period and in the wetter years 2001-2003 groundwater storage
is gradually recovering but still does not reach the drainage level. Whether groundwater
storage will ever reach a level where it might result in groundwater drainage to the river
is questionable. Anyway, in this research no groundwater drainage was observed or
predicted by the model in the Simiyu catchment.

The estimated annual surface runoff, interflow, and groundwater drainage are 17,
27 and 0mm respectively. These represent 38.6%, and 61.4% and 0% of the total
runoff. The large interflow may be due to the planosoils covering a large part of the
catchment. The low groundwater recharge is probably due to the high evaporative
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demand of the atmosphere. The model predicts that 91.4% of the total precipitation
is lost by evapotranspiration, including loss due to interception, soil evaporation, and
plant transpiration, and evaporation losses from the groundwater reservoir.

The total runoff contributed by each landuse type is obtained by integration of the
surface runoff and interflow from each grid cell belonging to a particular land use type
within the catchment over the simulation period. Estimated average runoff volumes
contributed by each landuse type are, 8.7% for cultivated land, 48.7% for wasteland
(short grasses and bare land), 28.7% for grassland, 13.4% for bushland and 0.5% for
surface water. The runoff volume originating from mixed short grasses and bare land
is quite high because these occupy the largest portion of the catchment area (46.4%).
Actually, all runoff percentages are very similar to the area percentage covered by
each landuse category in the catchment. Agricultural land which is the primary source
for non-point pollution and degradation of Lake Victoria contributes for about 9% to
the discharge of the Simiyu river. This corresponds to an annual volume of water of
500x 10° m® which may transport agrochemical residues to Lake Victoria.

4 Conclusion and recommendations

A spatially hydrologic simulation model (WetSpa) running on daily time scale is applied
to the Simiyu river basin, a tributary of Lake Victoria, Tanzania. The model uses spatial
elevation, landuse and soil data in GIS form, and observed climatological time series
to predict the river discharge.

Prediction results show a reasonable agreement between measured and simulated
discharge. The model performance over the five year verification period results in a
model bias of 2.4%. The model efficiency for reproducing the river discharge is only
57.4%. This suggests that the WetSpa model can reasonably estimate annual water
flows and associated hydrological characteristics of the Simiyu catchment, but less
accurately reproduces daily flows. This is mainly caused by insufficient information
about the areal distribution of the rainfall and evapotranspiration, and the daily water
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level recordings that cannot capture flush flows at the catchment outlet.

The average travel time of the runoff to the outlet of the Simiyu catchment is about
2.4d and maximum is 8d for the remote areas. The annual total flow to the Lake
Victoria produced by the Simiyu river is about 500x10% m®, of which 9% of the runoff
volume is produced by agricultural land, and occurs mainly in the wet seasons, from
March to May and from November to January.

The estimated interflow is 61.4% of the total runoff, and there appears to be no
drainage of groundwater. The high interflow may be are caused by planosols covering
63.8% of the catchment area. The zero groundwater drainage is probably due to the
high evaporation demand of the atmosphere, which accounts for over 90% of the total
precipitation being lost by evapotranspiration.

The WetSpa model can be used to estimate the annual water balance of the Simiyu
catchment. Such information can consequently be linked to water quality models to
estimate contaminant loads generated from agricultural fields in the Simiyu catchment,
which are transported and deposited to Lake Victoria. Also, the results of this study
can be used to simulate flows of ungauged sub-catchments to study the effects of
topography, soil type and landuse on the hydrological behaviour.

Although the Simiyu catchment is relatively flat, there is a need for establishing more
and sustainable climatological stations. Also more detailed river discharge measure-
ments are needed, so that more accurate predictions become possible.

Acknowledgement. The authors acknowledge the Lake Victoria Environmental Management
World Bank Project (LVEMP) for the support of this research.
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Table 1. Estimated average annual water balance of the Simiyu catchment for the five year
verification period June 1999 to May 2004.

Component Measured Calculated Percentage Mean Maxb
(mm) (mm) (%) (mm/d) (mm/d)
Precipitation 849 849 100.0 2.32 47.9
Interception 50 5.9 0.14 1.1
Surface runoff 17 2.0 0.05 1.9
Infiltration 782 92.1 2.13 44.8
Evapotranspiration 1286 776 91.4 212 11.7
Percolation 330 38.8 0.90 1.3
Interflow 27 3.2 0.08 1.3
Groundwater drainage 0 0.0 0.0 0.0
Total runoff 40.3° 44 52 0.12 25
Soil moisture storage 4 0.5 - -
Groundwater storage 25 3.0 - -

& exclusive missing data
® for the 5 year verification period
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Fig. 1. Schematic representation of the Simiyu catchment, Tanzania, East Africa, with main
rivers and location of flow and meteorological (MET) stations.
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Fig. 2. Topographical map of the Simiyu catchment.
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Fig. 3. Landuse map of the Simiyu catchment.
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Fig. 4. Soil texture map of the Simiyu catchment.
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Fig. 5. Variation of average monthly rainfall, potential evapotranspiration, and discharge at the
catchment outlet of the Simiyu river (1999-2004).
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Fig. 6. Potential runoff coefficient map of the Simiyu catchment.
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Fig. 7. Flow travel time to the catchment outlet of the Simiyu river.
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Fig. 8. Observed and simulated river discharge at the catchment outlet of Simiyu for the verifi-
cation period, January 1999 to May 2004.
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