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Abstract 
 The Mbita Causeway was constructed in the early 1980’s 
to link Rusinga Island to the mainland to facilitate the 
transport of people, goods, and services to the island. One 
of the effects of the Causeway was to permanently block a 
secondary connection between Rusinga Channel and the 
offshore waters of Lake Victoria. This secondary channel 
may have served as a substantial pathway of exchange 
between Winam Gulf and Lake Victoria prior to the 
Causeway. There has been considerable scientific and 
political debate as to whether decreased flushing within 
the two bays on either side of the Causeway has occurred 
and led to poorer lake water quality since the construction 
of the barrier.  

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. 

In this applied modeling study, ELCOM simulations with 
and without the Mbita Causeway were run. The simulated 
exchange through the channel without the Causeway was 
quantified. Simulated differences in the flushing within the 
two bays with and without the Causeway were evaluated 
through numerical tracer studies to infer the possible 
effects on water quality.  
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Introduction 
Engineering works across water bodies often affect 
water circulation patterns and thereby water quality. 
One example is the construction of the Mbita 
Causeway in 1985 that linked the Mbita peninsula to 
Rusinga Island. This Causeway is located 70 km 
east of Kisumu, Kenya (Fig. 1). The Causeway 
essentially blocked a natural channel with 
dimensions of 250 m in length and 10 m in depth 
through earth filling and construction of a road to 
Rusinga Island. 

Clearly, the construction of the Causeway resulted in 
the loss of an alternative exchange pathway 
between Rusinga Channel and the offshore waters 
of Lake Victoria. Numerous hypotheses on the effect 
of the loss of this exchange pathway have been 
suggested by scientists, policy makers, local 
community members, and special interest groups. 
For example, some speculate that the blockage of 

the Mbita Channel has affected the ecosystem 
around Mbita and Rusinga area by blocking a fish 
migration route. One of the effects we consider in 
this paper is the loss of flushing and water exchange 
in the regions near the Causeway.  

Until recently, the water circulation patterns in the 
region of Rusinga Channel were poorly understood, 
but several papers presented at this conference of 
recent field (Antenucci et al., 2005) and numerical 
modeling (Romero et al., 2005a) studies have 
increased understanding of the region’s 
hydrodynamics. During the first of these studies field 
data was collected over 12 days in Apr.-May 2005 
with moored automated instruments at two stations 
and free-falling instruments that profiled many 
stations throughout Rusinga Channel. Comparison 
of these hydrodynamic data with the three-
dimensional Estuary, Lake and Coastal Ocean 
Model (ELCOM) was good (Romero et al., 2005a). 
In this paper we extend the application of ELCOM to 
assess the water circulation and exchange patterns 
prior to the construction of the Causeway. 

Methods 
Simulations were conducted with the three-
dimensional hydrodynamic model, the Estuary and 
Lake, and Coastal Ocean Model, ELCOM (Hodges 
et al., 2000). A uniform numerical grid was used. 
The computational domain was approximately 
100km long and the smallest feature to be resolved 
is the 250m wide Mbita Causeway.  On removal of 
the Causeway, the Mbita Pathway was aligned with 
the computational grid and was equivalent to one 
horizontal grid cell of width 250m and 10m adjacent 
vertical grid cells. Simulations were started from 
rest, with horizontal free surface and isopycnals. 
Free slip boundaries were used to model sidewall 
(land) boundaries with a drag parameterization at 
the bottom boundaries. 

Application of the model ELCOM to compare 
conditions prior to the construction of the Causeway 
relied on data from the 12-day field study of Apr.-
May 2005. The simulation to validate the model over 
the field study was the current conditions with the 
Causeway. The Causeway was removed and 
replaced with a channel for the scenario prior to 
1985. Refer to Antenucci et al., (2005) and Romero 
et al., (2005a) for details of the field and model 
methods.  
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Figure 1. Map of general region (left panel) illustrating northeastern offshore waters of Lake Victoria, Rusinga 
Channel and Winam Gulf along with the major cities (circles) and the focus region of this study (dotted 
rectangle). The dotted line from the eastern tip of Rusinga Channel directly to the eastern shoreline at the 
constriction of Rusinga Channel marks the initialization boundary of conservative Tracer 1. The right panel 
shows the focus region of this numerical study with the location of the Causeway.  

The hourly water volume flux through the ‘former’ 
Mbita Channel (now the Causeway) was calculated 
by applying the method used by Laval et al., (2003) 
for Lake Maracaibo and the Caribbean Sea. The 
water volume flux (Qv) was defined as; 

AVdQ
A

v ∫=     (1) 

where A is the cross-sectional area and V is the 
velocity along the cross-section.  Qv is computed 
discretely for each hour from simulated data as; 

∑ ∆=
i

iiv AvQ     (2) 

 

 where i is the ith depth along the cross section, Ai is 
the north-south unit area of the  face and V  is the 
eastward component of velocity along Mbita 
Pathway. The eastward velocity (inflow) was 
considered positive while the westward velocity 
(outflow) was taken as negative. The total cross-
sectional area of Mbita Channel was taken as 9 m 
depth by 250 m width. The cumulative water volume 
flux from hourly model output was computed over 
the 12 day simulation. 

Results 
The simulated lake level at station T2 reproduced 
reasonably well the observations recorded by the 
ADCP (Fig. 2). This lake level validation along with 

the validation of water temperatures and currents at 
T2 (see Romero et al., 2005a) provided confidence 
that ELCOM simulates the Rusinga Channel 
dynamics reasonably well. Next a comparison of 
simulations with and without the Causeway is 
considered. 
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Figure 2. Comparison of ADCP observations (line) 
and simulation (dashed) of lake level at stations T2. 

The simulated currents with and without the Mbita 
Causeway were similar (Fig. 3). This suggests that 
the effect of the construction of the Causeway had a 
minimal affect on the regional hydrodynamics, 
exchange, and transport of water masses between 
the offshore and Winam Gulf through Rusinga 
Channel. 
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Figure 3. Water current directions (vectors) and speed (shading) in the region of Mbita on May 2 during the 
afternoon at 1300 when currents are into Winam Gulf (top panels) and in the evening at 2100 when currents 
are towards the open waters. Left panels are with the Causeway and right panels are without the Causeway. 
Vectors represent current direction and not the speed. 

Conservative tracers were used in the simulations to 
visualize the differences in transport between the 
Causeway and Channel scenarios (Fig. 4). Tracer 3 
was added to inputs from the open boundary on the 
western margin of the model domain. Tracer 1 was 
initialized throughout Rusinga Channel and Winam 
Gulf as illustrated in Fig. 1. Lower Tracer 3 
concentrations were simulated in the region of the 
small island at the interface of the bay to the west of 
Mbita and the open waters of Lake Victoria without 

the Causeway. This suggests that greater flushing of 
this bay may have occurred without the Causeway. 
In contrast, Tracer 1 patterns in Rusinga Channel 
were nearly the same for the two simulations 
throughout Rusinga Channel and the offshore 
waters to the north. This again suggests that either 
condition (i.e. Causeway or Channel) did not have 
much influence on the bulk exchange and transport 
patterns between Rusinga Channel and the offshore 
waters to the north. 
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Figure 4. Tracer concentrations in the Mbita region on the late morning of May 3 for the simulations with (left 
panel) and without (right panel) the Causeway. 

The simulation with the Mbita Channel resulted in 
net transport of Tracer1 through the channel and 
into the bay to the west of Mbita (Fig. 4, lower right 
panel). The cumulative volumetric flux of water 
through the channel indicated net westward 
transport through the channel (Fig. 5). The net 
westward flux through the Mbita Channel occurred 
primarily after the 4th day of the simulation. Over the 
final 8 days of the simulation ca. 5 x 107 m3 of water 
flowed westward. This is equivalent to a daily flux of 
ca. 0.005 km3 day. Application of a similar 
methodology across Rusinga Channel yields a net 
volumetric flux into Rusinga Channel of 0.17 km3 
day over the simulation (Romero et al., 2005b), 
approximately a factor of 30 greater than the Mbita 
Channel flux estimate.  
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Figure 5. Cumulative volume flux over the 12 day 
simulation through Mbita Channel. 

Discussion 
Simulated circulation patterns were only influenced 
in the immediate vicinity of the Causeway when it 
was removed. Closer inspection of the simulations 
revealed high easterly currents in the evenings 
through the Mbita Channel that persisted 
approximately 2 km into Rusinga Channel (not 
shown). Anecdotal evidence from long-time 
fisherman in the region supports these simulation 
results (P. Khisa, pers. comm.). For example, fishing 
accidents in Mbita Channel prior to the Causeway 
often led to rapid easterly transport of boats and 
people into Rusinga Channel. Simulated velocities 
through the Mbita Channel were approximately 50 
cm s-1 with continued currents into Rusinga Channel 
of nearly 30 cm s-1 (not shown). However, the 
removal of the Causeway likely did not have a large 
influence on the overall Rusinga Channel exchange 
dynamics.  

The construction of the Causeway likely had a 
substantive localized effect on the circulation 
patterns in the near-region of Mbita and hence water 
quality in the locale as well. Greater flushing of the 
bay to the west of Mbita likely occurred with 
improved water quality relative to the current 
condition. One of the results of less flushing in the 
locale of Mbita has been increased sediment 
deposition in the two bays on either side of the 
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Causeway, where depths have been reduced by 5 m 
(LVEMP, unpubl. data). Further, because of the 
large population density in this region and the 
associated pollutant loading, the greatest benefit 
derived from the former Mbita Channel was likely 
enhanced transport and dilution of these pollutants.  

This modeling study represents a first quantitative 
evaluation of the effect of the construction of the 
Causeway on the circulation patterns of Rusinga 
Channel. Again, it is unlikely that the Causeway 
influenced the general circulation and exchange of 
Winam Gulf with the open waters of Lake Victoria. 
However, localized effects on circulation and 
flushing, and thereby water quality in the Mbita 
locale likely resulted from its construction. Longer 
term hydrodynamic modeling and incorporation of 
biogeochemical models will provide additional 
insight into the effects of the Causeway on the local 
water quality.  
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