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Abstract  
The catchment of Winam Gulf supports a population of 4.5 
million inhabitants. Much of the population practices 
subsistence agriculture in the catchment that has led to 
high rates of sediment erosion and ultimately highly turbid 
rivers. Hence, every year during the two equatorial wet 
seasons, large quantities of catchment sediments are 
deposited into Winam Gulf.  

In Apr.-May 2005 an intensive field investigation was 
undertaken to determine the exchange dynamics between 
the northeastern offshore waters of Lake Victoria and 
Winam Gulf through Rusinga Channel. One of the 
outcomes of this scientific study was the validation of 
ELCOM (Estuary, Lake and Coastal Ocean Model), a 
three-dimensional (3D) hydrodynamics model, over 
Rusinga Channel and Winam Gulf. CAEDYM 
(Computational Aquatic Ecological DYnamic Model) is a 
water quality model that can be readily linked to ELCOM.  

In this modeling study we linked ELCOM and CAEDYM to 
evaluate the transport and fate of riverine sediments in 
Winam Gulf from several of the large rivers. Several size 
classes of suspended solids were evaluated. The extent 
and concentrations of sediment plumes were modeled 
over a range of riverine discharge. Further, simulations 
were run with reduced riverine sediment concentrations to 
evaluate the effect of turbidity levels in Winam Gulf if 
catchment improvement practices were implemented. This 
study illustrates that application of coupled 3D 
hydrodynamic and water quality models can serve to 
improve understanding of sediment plume dynamics in 
tropical lakes.  
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Introduction 
One of the identified causes of eutrophication of 
Lake Victoria is the nutrient loading by rivers and 
diffuse runoff (Bootsma & Hecky, 1993). Though 
lake-wide eutrophication from these sources may 
likely result after many years or even decades, the 
effects of localized eutrophication can be much more 
immediate. Eutrophication has accelerated since the 
1960s following conversion of extensive tracts of 
forests and floodplains to agricultural land. Evidence 
for the contribution of riverine loading to the 
eutrophication of the lake is illustrated through a 
series of satellite images during periods of high 
inflow discharge (Fig 1). Riverine inputs can lead to 
the degradation of the water quality of Lake Victoria 
through nutrient and contaminant loading, much of 
which is absorbed to the sediments. In shallow 
environments such as Winam Gulf, winds can cause 

resuspension and transport of these sediments to a 
much wider region of the water body. In this study, 
the spatial distribution of sediments over a several 
week time scale over Winam Gulf is examined with 
conservative tracers for a number of rivers and 
simulated concentrations of suspended solids.  

Because Winam Gulf is shallow, we expect the river 
discharge not to behave as underflows, interflows or 
surface overflows. Rather, the combination of the 
kinetic energy of the river entering Winam Gulf, and 
the action of wind and surface forcing to mix the 
water column in this shallow environment, is known 
to create relatively vertically homogeneous 
conditions. Hence, the transport and settling of 
inorganic particles from the rivers is expected to be 
governed by wind driven water currents and the 
momentum generated by stream discharge.  

Method 
In this study, four scenarios were considered with a 
three-dimensional hydrodynamic model coupled to a 
sediment fate model. The hydrodynamic model 
ELCOM (Hodges et al. 2000) was used to simulate 
the spatial and temporal distribution of river water 
through the simulation of conservative tracers. The 
fate of inorganic suspended solids through settling 
was modeled with a ecological model, CAEDYM 
(Romero and Imberger 2003), coupled to ELCOM, 
which simulated the transport of the particles. A 
uniform numerical grid was used with 250 m cells in 
the horizontal with 1 m layers in the vertical. The 
model domain included all of Winam Gulf, Rusinga 
Channel and a portion of the northeastern sector of 
Lake Victoria. Bathymetry was interpolated from the 
original 500m data using Landsat satellite image for 
edge resolution (T. Ewing, pers. comm.). The 
western boundary of the model domain was an open 
that required temperature and lake level inputs as 
described below. Four rivers were configured in the 
model domain, though we focus on the two large 
rivers that enter in the southeastern corner of Winam 
Gulf. Free slip boundaries were used to model 
sidewall (land) boundaries and no slip boundaries 
were used for bottom boundaries. 

Our ELCOM modeling had an open boundary 
condition on the western margin of the model 
domain that was forced by temperature 
measurements at T1 and lake surface levels 
measured by an ADCP at T2 (Fig 1). The lake level 
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data at T2 was shifted back in time by 2.4 hours to 
account for time of wave travel between T1 and T2. 
Wind and other meteorological parameters on 
shortwave radiation, total radiation, air temperature 
and relative humidity measured at T2 were assumed 
to apply over the entire model domain.  

River inputs for ELCOM included discharge of the 
rivers and for CAEDYM the suspended solid 
concentrations. Time varying riverine discharges 
was measured at gauging stations upstream of the 
confluence with Winam Gulf, and served as inputs in 
the simulations for the Sondu and Nyando rivers. 
Inflow data for the period April-May 2003 was used 
as the high discharge year, and April-May 2000 for 
the low discharge year (Figure 2). Estimates of 

suspended solid concentrations were based on 
measurements during low to medium flows in the 
Nyando River with the relation, SS=aQb, where a = 
24.74, b = 0.372, Q is the discharge rate in m3 s-1, 
and SS is the suspended solids concentration in mg 
L-1. Two discharge regimes reflecting high and low 
river inflows were simulated to characterize the 
spatial extent of riverine sediment plumes. Lastly, 
scenarios with reductions in the sediment 
concentrations of the rivers were considered to 
assess the extent catchment management practices 
to reduce erosion would decrease sediment plume 
coverage over Winam Gulf. Improved estimates of 
the suspended solids concentrations are recognized. 

 
 

 
Fig. 1 . Position of meteorological buoys and satellite images of sediment plumes from sediment laden river 
discharge into Winam Gulf during periods of high flow. Sediment plumes generally cover a large extent of the 
eastern half of Winam Gulf and evidence for a counterclockwise gyre is suggested by these images. 
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Figure 2. Nyando River during high (2003) and low discharge (2000). 

Further, each of the rivers were given a separate 
tracer so that each stream transport and mixing 
throughout Winam Gulf could be tracked in the 
simulations. The two size classes of the suspended 
solids was set to diameters of 0.7 and 2 µm to 
evaluate differences in small particle size on the 
plume coverage (Table 1). A reduction by 75% in the 
suspended solids levels was simulated to 
characterize catchment improvement practices. 

Several outputs formats were configured for the 
tracers, temperature, suspended solids and currents 
in ELCOM, including horizontal sheets along the 
sediments and the surface, and profiles at certain 
locations. The horizontal sheets were particularly 
useful for comparisons with the observed satellite 
data. We also assessed whether the wind data 
during this period was representative of other years 
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and the results (Figure 3) show a fairly reasonable agreement with other years. 
 

 
Figure 3. Wind roses at a shoreline station, 100 km northwest of the river mouths (Sep. 2001 to Dec. 2004, 
upper panels) and at station T2, 55 km east of the river mouths (lower panels). 

Table 1. Matrix of scenarios and discharge and total 
suspended solid concentrations.  

Scenario Discharge TSS concentration  in rivers

1 Low (April-May 2000) Normal

2 High (April-May 2003) Normal

3 Low (April-May 2000) Low (25% of normal levels)

4 High (April-May 2003) Low (25% of normal levels)  
Results 
A comparison of the simulated sediment plume with 
satellite images indicates the model simulates the 
gross characteristics quite well. Satellite images of 
Winam Gulf from several dates over the past 20 
years consistently illustrate a plume that is 
transported to the north along the eastern shoreline 
and then to the west parallel to the northern 
shoreline, in effect a counterclockwise gyre (Figure 
1). These observations were well reproduced by the 
simulations as shown by the time series of surface 
sheets from model run with high discharge and 
normal suspended solids levels (Figure 4) in which 
time series of the gyre set up within the shallower 
expanse of eastern Winam Gulf is shown as 
simulations.  
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Figure 4. Simulated circulation on April 30, 2005, 
during a southeasterly (135°) wind event of 
approximately 3.5 m/s. Arrow length indicates 
current magnitude and colour bar indicates 
suspended solids concentration. A two gyre wind 
response is indicated, where the flow current is 
downwind in the shallow regions of the lake (mostly 
around the periphery) and against the wind in the 
deeper central region of the lake. Although the 
model is 3D, the depth-averaged currents are shown 
to indicate overall water movement.  

Gyre formation was also found to depend on the 
wind direction. During the afternoon strong lake 
breeze, current speed was unidirectional uniformly 
across the gulf towards the east, while in the night 
when land breeze are dominant, the gyres are set 
up with no significant movement of water beyond the 
area to west of the gyre. The tracer patterns for the 
two major rivers and two minor rivers provide insight 
into the large scale transport in the gulf (Fig. 5). 
Tracers from the two large rivers with confluences in 
the southeastern corner of Winam Gulf had similar 
patterns to the suspended solids concentrations. 
However, tracer levels of the small river that enters 
the Gulf at Kisumu in the northeastern corner 
remained elevated in the small embayment, which 
suggests that the large scale counterclockwise gyre 
acts as a barrier of transporting these waters from 
the bay. In other words, this bay is not well-flushed.  

Water currents in the surface were seen to correlate 
well with suspended matter concentration e.g. Fig 7 
that shows trend in space of  the two quantities 
made along a north-south transect near the eastern 
shoreline. ELCOM simulations showed circulations 
within the far field of the river mouths to be 
influenced by wind from the south. 

 

 
Figure 5. Simulations of the variation in time of suspended solids concentration and along gulf velocity (left 
panel) and variation in space at the surface layer of current speed and suspended solids concentration along 
North South transect (right panel). 
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Fig. 6. Variation in space of the suspended solids simulated for the two scenarios. 

Another notable observation was the decrease in 
concentration within the far field of the river mouths 
by _% when the suspended solids loading from the 
catchment were reduced to 75% of the normal 
loading (Figure 6). In the far field, approximately 40 
km from the river mouths, a point was picked to 
examine pattern of spread in time between the two 
scenarios of loading. It emerged that within the first 

9 days of the simulation, SSOL1 maintained a fairly 
steady concentration (ambient one), but thereafter, 
the normal conditions concentration rose sharply by 
52%, while the concentration for a scenario of 25% 
reduction in loading remained steady though the 
discharge increased like in normal loading scenario 
above.  The same picture was reproduced for 
SSOL2 although the time to concentration decay 
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was higher in SSOL2 than in SSOL1. Those of 
lighter density, i.e. SSOL1 showed a much less 
decrease compared to those of higher density 
(SSOL2). Various phenomena observed are 
discussed in the following section  

Discussion 
A number of studies have identified cause of algal 
blooming in inshore areas of the lake as due nutrient 
loading by rivers (Bootsma & Hecky, 1993, Hecky, 
1993). Recommendations have been made on the 
need to implement catchment restoration to reduce 
soil erosion hence ameliorate eutrophication of the 
lake. Understanding mechanisms involved in riverine 
sediment spreading in the Winam Gulf has been the 
main objective of this study. Results from this study 
suggests that is it largely controlled by wind driven 
currents, while the intensity of the sediment cloud in 
time is dependent on riverine discharge and in 
space, by depth of the location. Wind pattern on a 
diurnal basis is such that it sets up surface seiches 
whose frequency of occurrence is 6 – and 12-hour. 
ADCP and meteorological data showed current to be 
principally driven by the surface wind stress. Model 
simulations suggests that the frequent reversals in 
the wind-driven flow may effectively limit the 
alongshore extent of the plume in the southern 
shoreline. Unlike the observation of Churchill et al. 
(2003) in Ontonagon River mouth (Lake Superior) in 
which resulting reversals in the alongshore direction 
of the plume’s motion extended in both directions 
from the river mouth, our simulation showed a plume 
that followed the direction of the predominant wind 

direction in Lake Victoria (Podsetchine et al., 1996; 
Schott and Fernandez-Partagas 1981; Fish 1957).   
As it is common of many rivers entering large lakes 
in which emerging river water is effectively 
impervious to the effects of the Earth’s rotation (….), 
the positioning of the study area a fraction of a 
degree to the south of the Equator has the 
implication that the Earth’s rotation has insignificant 
effect on the two rivers. Its movement appears to be 
principally controlled by Effects of wind forcing, 
mainly the southeasterlies. 

Sediment entering Winam Gulf is expected to be 
affected by time-varying wind fields, to vertically 
well-mix given the shallow depth (< 3m) of the area 
in and around the eastern Winam Gulf, to undergo 
horizontal dispersion due to turbulence set up by 
river inflows and wind induced shallow water 
transport and to be affected by bottom-friction 
because of the uneven distribution of the bed 
topography. 

Settling velocity of particles and flocs is the complex 
interaction between particles and turbulence 
(McCool, and Parsons 2004). Turbulence in the area 
under consideration was seen to be higher as shown 
by higher values of dissipation and it is expected to 
causes perturbations to the straight trajectory of a 
particle falling under gravity (McCool, and Parsons 
2004). Like in Wang and Maxey, (1993); Aliseda et 
al. (2002), turbulence was found to increase the 
effective settling speed of particles by 10–50% in 
stratified parts of the lake. 
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