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Abstract: Soil and Water Assessment Tool (SWAT) was used to model the impacts of land cover changes on stream flow
regime in the Thiba River basin covering a surface area of 1648 km? in central region of Kenya. The basin is characterized by
intensive agricultural activities including the largest rice irrigation scheme in Kenya. A study was undertaken to test the
capability of the model in predicting stream flow response under changing land use conditions in a typical tropical river basin.
Classified land use maps of 1984, 2004 and 2014 were analyzed to investigate land use changes in the basin. Field based
survey, National Irrigation Board (NIB), Kenya Meteorological Department and Water Resources Management Authority
(WRMA) provided hydro-meteorological data for the study. The results of the study shows that forest cover in the Thiba River
basin has decreased by 18.39 % between 1984 and 2014 while area under rice cultivation increased by 9.38 % in the same
period. The SWAT Model results showed that there is a significant relationship between the observed and simulated average
monthly stream flows in the Thiba River Basin. The Nash-Sutcliffe Efficiency (NSE) and coefficient of determination (R?)
during calibration period (1983-1988) were 0.82 and 0.9, respectively, while for the validation period (1989-1993) they were
0.79 and 0.87, respectively. The average monthly stream flows increased by 6.01 m®/s during the wet season and decreased by
1.92 m’/s during the dry season. The changes in stream flow were attributed to the land cover change and rainfall variability.
About 35% of dry season flow and 3% of wet season flow was found to have been directly abstracted from the Thiba River.
The study recommends that the basin stakeholders should optimize utilization of abstracted water to avert future catastrophic
stream flow fluctuations, possibly flooding during the wet season and low or dry riverbeds during the dry months. The high
water demand in the dry months can be met by constructing water storage reservoirs to harvest the high runoff during the wet
months. Also, it's important that further research on impact of climate change be conducted to better understand the
relationship between catchment hydrology and climate change.
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1. Introduction

This study focused on establishing the impacts of
agriculture and land use change on the flow of tropical river
systems focusing on the Thiba river in Eastern Kenya. The
relationship between land use and hydrology was of interest
to hydrologists as it can provide crucial information for water
resources management actions. This was important for
avoiding or minimizing the negative effects of land use
activities on the hydrology of tropical river systems. In

general, a change in land use from natural vegetation to
agricultural crops often results in a drop in rainfall
interception rates, a rapid delivery of storm flow to streams,
and a reduction in infiltration capacity of the soils due to
compaction [1]. The largest changes in terms of land area,
and arguably also in terms of hydrological impacts, often
arise from a forestation and deforestation activities. One of
the direct effects of land use changes on hydrology and hence
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on water resources is through its link with the evapo-
transpiration regime. Any change in land use and vegetation
cover can have impacts on potential and actual evapo-
transpiration as well as the discharge regime, which reflects
the integrated behavior of all the hydrological processes
acting in the catchment [2]. Many studies associate higher
catchment forest cover with lower base flows, attributed to
high evapo-transpiration rates of forests, while other studies
indicate increased base flow with higher watershed forest
cover due to higher infiltration and recharge of subsurface
storage. The demonstrated effects of agriculture and
urbanization are also inconsistent, due to varied additions of
imported water and extremely variable background
conditions [3].

In Kenya, quantity and flow patterns of surface water
resources particularly rivers depend on: basin shape,
vegetation cover in the basin, rainfall intensity, seasonality
plus human settlement and land use patterns [4]. Upstream
rainfall variability and flow abstraction for irrigation are
key parameters in understanding low flows in river [5].
Decrease in rainfall reduces inflow into surface water
bodies, while at the same time they increase the irrigation
water requirements. A number of studies have been
undertaken on the impact of irrigation water abstraction on
stream flow. A study in upper Ewaso Ngiro basin in North
Eastern Kenya found that 60-80 percent of available water
in upper reaches was abstracted for irrigation [6]. The over-
abstraction of water from the river has been taking place
since the introduction of horticulture crops for export
market in 1984. The high level of irrigation water
abstraction in the upper reaches of the river was mainly due
to the hydraulic and hydrologic advantage, suitability for
irrigation development and access to market. This over-
abstraction has been blamed for decreasing water
availability in lower reaches resulting to water conflicts [6].
A study by [4] on the effect of water abstraction for
irrigation use in semi-arid Baringo District established that
irrigation projects in the semi-arid lands of Kenya have had
negative impacts on the surface water resources and the
aquatic life. Abstraction of water from rivers flowing into
Lake Baringo caused a reduction in the lakes surface area
from 144 km” in 1980 to 112 km” in 1995 while the depth
reduced from 2.2 m in 1985 to 1.7 m in 1995 [4]. Thiba
river basin past studies have focused on irrigation water
efficiency use on the Mwea Irrigation Scheme (MIS) which
has existed since 1956. Since 1998 to date, about 4000
acres of land has been developed by farmers on their own
for paddy cultivation [7]. This new area was not planned for
and has worsened the situation in terms of water availability
for the scheme. However there is a paucity of knowledge on
actual water abstracted from the basin and land use change
associated with increased commercial agricultural activities
in the basin. More land is being created from existing

forested and other natural vegetation for both irrigated and
rain fed high value crops. The Basin has experienced
dynamic flow regimes due to changes in land use/cover,
deforestation, and increased agricultural activities leading
to over-abstraction. This has resulted in reduced water
availability during the dry season in different reaches of the
basin thus catalyzing conflicts over the finite water resource
between different stakeholders, environmental degradation,
and reduced hydropower production at Kaburu dam [8].
The main goal of this study was to assess the effect of land
use change and increased agricultural water demand on the
flow regime of Thiba river so as to generate knowledge and
information that could be useful in the allocation of river
water among different water uses in the basin. The study
also aimed at generating recommendations on the best
practices in line with Integrated Water Resources
Management (IWRM) to minimize the negative impact of
land wuse change and increased agricultural water
abstractions in the Thiba river flow regime in Kenya.

2. Materials and Methods
2.1. The Study Area

The Thiba basin is located in Kirinyanga and Embu
Counties in central region of Kenya (Fig. 1). It is located
within longitude 37°40' and 37 20" E and Latitude 0" 5' and
010" S covering a land area of about 1648 km”. The basin is
situated in the upper region of the Tana River Catchment
that is drained by the Thiba, Nyamidi, and Rupigazi Rivers
and other several streams draining into the Tana river, the
largest river system in Kenya. The basin lies at an elevation
of between 1,158 m and 5,380 m above sea level in the
South and at the Peak of Mt. Kenya, respectively. The basin
is characterized by high irrigation water abstraction and
intensive agricultural activities. The Long Rain season lasts
from around March to May with peaks in the month of
April when the mean monthly rainfall reaches 2146 mm.
The short rain season occurs from September to November
with peaks in November with a mean monthly rainfall of
1212 mm [9]. The temperature in the Thiba River Basin
ranges from a mean of 8.10° C in the upper zones to 30.3° C
in the lower zones during the hot season. Potential
evapotranspiration in the basin ranges from 1700 mm in the
low elevation savannah zone to less than 500 mm in the
upper region of the basin. All areas below the forest zone
have a rainfall-evapotranspiration deficit. As a
consequence, the high elevation forest and moorland zones
provide most of the discharge of the rivers during the dry
periods [10]. The dominant soil types of the Thiba
catchment areas presented in Fig. 2 show a clear
relationship with elevation of plain land adjacent to
volcanic mountain.
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Figure 1. The extent of Thiba Catchment Basin including the main roads and urban centers in the basin.

The higher slopes of Mt. Kenya are dominated by Nitisols.
These soils have been formed from volcanic ash deposits.
Though they have undergone series of weathering, they are
far more productive than most other red tropical soils [11].
Humic Nitisols are well drained, deep, dark friable red soils
thus suitable for agricultural activities. The soils have mainly
been cultivated with tea, coffee and food crops such as
maize. Hitisols are highly resistant to soil erosion but if
exposed to poor land management practices, high
precipitation received in those high altitude areas can result
to excessive soil loss resulting to soil degradation [12]. At
lower elevations especially 1000 m above the sea level,
ferrasols and vertisols are the dominant soil types [11]. The
soils have been modified from original parent material due to

weathering. Vertisols are imperfectly drained to poorly
drained, very deep, dark reddish brown to very dark grey,
mottled, friable to firm, silty clay to clay; in places stratified
and cracking. This makes them suitable for paddy rice
farming. On the other hand ferrasols found in the
southeastern part of the basin are excessively drained to
moderately well drained, moderately deep to deep, dark red
to dark grey, loose to friable, sandy loam to clay; in places
stony, rocky and bouldery. Land use in Thiba basin can be
divided into three classes: natural vegetation (forest,
grassland and wetlands), rain-fed and irrigated agriculture
(maize, horticulture and rice) and rangeland. The pre-
dominant land-use activity in the area is commercial flood-
irrigation of rice in a scheme (MIS). The scheme started back
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in 1956 with irrigated area of 5,890 acres. Currently it has a
gazette area of 30,350 acres of which 16,000 acres for rice
production while the rest is used for settlement, public

utilities, subsistence and horticultural crop farming [13]. The
scheme is served by two main rivers namely Nyamidi and
Thiba rivers.
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Figure 2. Spatial distribution of soils in Thiba river basin.

2.2. Data Acquisition

2.2.1. Hydro-Meteorological Data

Stream flow data for Thiba River for the period between
1980 to 1993 was obtained from Water Resources
Management Authority (WRMA) in Embu for river gauging
station (RGS) 4DD02 located at 0.43° S 37.506° E (Fig. 3).
Daily observed rainfall data for 20 years (1990-2010) was
obtained from Kenya Meteorological Department (KMD) in
Nairobi, Kenya.

2.2.2. Topographic, Soil and Land Use /Cover Data

A 30 m resolution Digital Elevation Model (DEM) derived
from elevation data of the Shuttle Radar Topography Mission
(SRTM) was obtained from United States Geological Survey
(USGS) website (https://lta.cr.usgs.gov). Soil map was

downloaded from Soil and Terrain (SOTER) database for
upper Tana River catchment at the scale of 1:250,000 [14].
Land sat image covering Thiba basin for the year 1984 was
downloaded from www.http://earth.explorer.usgs.gov
obtained by 4-5 TM MSS series. Classified land use polygon
maps at scale of 1:250 000 for the years 2004 and 2014 was
downloaded from AFRICOVER project database [15]. The
land cover was produced from visual interpretation of
digitally enhanced LANDSAT TM images (Bands 4, 3, 2).

2.2.3. Satellite Based Weather Data

The satellite based daily weather data (rainfall, maximum
and minimum air temperature, solar radiation, relative
humidity and wind speed) for 13 years (1980-1993) was
downloaded from the weather database of Soil and Water
Assessment Tool (SWAT) globalweather.tamu.edu website.
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Figure 3. Spatial distribution of rainfall and river gauging stations contributing to data used in this study.

2.3. Data Processing

2.3.1. Land Use and Land Cover Classification

Supervised image classification process for producing land
cover map for the year 1984 as shown in Fig. 4 was followed
using Environment for Visualizing Images (ENVI 5.1)
remote sensing software. With guidance from historical
information gathered during field survey and classified
images for land use for 2004 obtained from Africover
database, the image was classified to nine classes namely:

Forest, rain fed agriculture, irrigated agriculture, bare land,
shrubs, herbaceous plants, rice, urban area and water. Image
accuracy was assessed through applying the end members of
classified images of 2004. In order to justify the accuracy of
temporal image classification, rule-based rationality change
detection evaluation according [16] was applied. For this
method, 300 random points were taken from the classified
2004 image. The overall accuracy was calculated based on
total number of true (correctly classified) pixels based on the
rules defined by [16].
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Figure 4. Process of producing land use map for the year 1984.

The classified land use maps were reclassified to into
SWAT land uses and land use codes as required by the SWAT
model as shown in the Table 1.

Table 1. Reclassification of land use types to SWAT land use classes.

2.3.2. SWAT Model Set-Up

The SWAT model is a physically-based continuous time,
spatially distributed model designed to simulate water,
sediment, nutrient and pesticide transport at a catchment
scale on a daily time step. The model was developed by the

User Land use SWAT Land use f;ZI:T Land use U.S. Department of Agricultural Research Service (ARS) and
Irrigated Agriculture Caeie AGRL scientists at Universities and research agencies around the
Rain fed Agriculture Row Crops AGRR world [17]. Arc SWAT extension of Arc GIS is a graphical
Forest Mixed Forest FRST user interface for the SWAT model. The SWAT model is
gﬁ;ﬁbs E;fge Shrub Land g\%EB developed and refined by the water ba.lange equation (1) is
e e Grass land RNGE the base of the hydrologic cycle simulation in SWAT:
Bare land Quarries/Mines SWRN
Urban and Buildup area Urban medium Density =~ URML
Water ‘Water WATR

SWt=SWo + ¥!_,(Rday + Qsurf — Ea — Wseep — Qgw) (1)

in which SW, is the final soil water content (mm), SWj is initial
soil water content on day i (mm), ¢ is the time (days), Rday is
the amount of precipitation on day i (mm), Qsurfis the amount
of surface runoff on day i (mm), EFa is the amount of
evapotranspiration on day i (mm), Wseep is the amount of
water entering the vadose zone from the soil profile on day i
(mm), and Qgw is the amount of return flow on day i (mm).
SWAT model requires basic data input before simulation can
be performed: DEM, soil layers, land use and climatic data
[17]. In this study a 30 DEM and smaller area (4998 ha) was
input to get all sub-basin of the Thiba river basin and the outlet

was defined, in which it is later taken as a point of calibration
of the simulated flows. As a result, there were 17 sub-basins of
the Thiba catchment. The watershed was divided into sub-
basins by overlaying reclassified land use, soil map and slope
classes, then further sub-divided into lumped units called
Hydrologic Response Units (HRUs), having unique land use
and soil combinations. Validated weather data: included daily
rainfall, maximum and minimum temperatures, relative
humidity and wind speed for the period between 1980 and
1993 corresponding to observed stream flow data was input
into the model for stream flow simulation.
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2.3.3. Model Performance Evaluation

SWAT is a comprehensive, semi-distributed river basin
model that requires a large number of input parameters
making model complicated. The input parameters are process
based and must be held within a realistic uncertainty range
[18]. Model evaluation in this study was conducted through
three steps namely: sensitivity analysis, calibration and
validation processes.

Sensitivity analysis is the process of determining the rate
of change in model output with respect to changes in model
inputs (parameters). It is necessary to identify key parameters
and the parameter precision required for calibration [19]. In
this study, global sensitivity analysis was conducted with 800
simulations giving insight to the most sensitive parameters.

Calibration is the process of estimating the values of
model parameters which cannot be accessed directly from the
field data. Hydrological models like SWAT contain many
parameters which can be classified into two groups: physical
and process parameters. A physical parameter represents
physically measurable properties of the watershed and
whereas process parameters represent properties of the
watershed which are not directly measurable [20].
Calibration can be accomplished manually or using auto
calibration tools in SWAT [21] or Soil Water Assessment
Tool-Calibration and Uncertainty Programme (SWAT-
CUP)[22]. This study adopted auto calibration tool SWAT-
CUP as opposed to manual calibration which is considered
outdated and unacceptable according to [23]. The sensitivity
of 22 parameters which affects hydrology were tested with
SUFI 2 algorithm being used for optimization of the
parameters Model validation is the process of demonstrating
that a given site-specific model is capable of making
sufficiently accurate simulations, although “sufficiently
accurate” can vary based on project goals [24]. The model
was calibrated with observed monthly stream flow data for
the year 1983 to 1988 and validation 1989 to 1993 following
an advice by WRMA that data from the year 1993 onwards
was deteriorated. However, the flow had been simulated for
fourteen years (1980-1993) including three year of the warm-
up period to allow hydrologic processes to achieve initial
equilibrium. Data limitation for calibration and validation has
also in the past been experienced in a similar study assessing
the impact of climate change on stream flow within lake
Victoria basin in Kenya by [25]. They used aggregated
monthly data rather than daily data since only 5 year stream
flow data was available for model evaluation.

An extensive array of statistical techniques can be used to
evaluate SWAT hydrologic and pollutant predictions. In this
study the model was evaluated using coefficient of
determination (r*) and NSE which according to [26] are the
most recommended methods for comparing monthly
simulated against measured flows as described by equation 2
and equation 3.

Z?:l( Qobs—qobs)dsim—Tsum) }
X121 @obs=Tobs)?1°[Z1 1 (Asim—Tsim) 21°5

R*={ 2

Where R? is coefficient of determination, qqps 1S observed
discharge and qg, is simulated discharge. The statistic can
range from O to 1, where O indicates no correlation and 1
represents perfect correlation, and it provides an estimate of
how well the variance of observed values are replicated by
the model predictions [27].

= Zi=1(Q0=Qav)? ~¥i21(Q0=05)” 3)
Z?=1(QO_Qav)2

Where E is the Nash-Sutcliffe Efficiency (NSE), Qo ;s the
observed discharge, Qav is the average observed discharge,
and Qs is the simulated discharge. NSE values can range
between - to 1 and provide a measure how well the
simulated output matches the observed data along a 1:1 line
(regression line with slope equal to 1). A perfect fit between
the simulated and observed data is indicated by an NSE value
of 1. NSE values <0 indicate that the observed data mean is a
more accurate predictor than the simulated output.

2.3.4. Impacts of Land Use Change on Stream Flow

SWAT is a deterministic model thus each successive model
run that uses the same inputs will produce the same outputs.
This type of model is preferred for isolating hydrologic
response to a single variable, such as land cover and land use
change (e.g., management decisions), allowing the impact of
any change to be isolated and analyzed for its effect on
hydrologic response [28]. Ideally, a model should be non-
stationary (such as SWAT) or be able to account for
parameter variation through time.

Hydrological monthly stream flow simulations as result of
two land use maps generated i.e.1984 and 2014 were
independently conducted while keeping all other data inputs
constant to understand the impact of land use change on
stream flow. Of particular interest were the peak flows and
low flows since land use has great impact on proportion of
rainfall that converts to stream flow. Seasonal stream flow
variability of 1984 and 2014 due to the land use and land
cover change was assessed and comparison were made on
surface runoff contributions to stream flow based on the two
simulation outputs.

3. Results and Discussion
3.1. Land Use and Land Cover Changes

The results of the analysis of land use and land cover
changes in the Thiba river basin (Fig.4) and (table 2) showed
that between 1984 and 2004, there has been 12.19% decrease
in forest cover while in the period between 2004 and 2014,
there has been a 6.2% decrease in forest cover. This reduction
can be attributed to clearing of forests for agriculture, and
increased demand of timber and fuel due to increase in
population. The forest land has mainly been cleared to create
room for rain fed agriculture as it can be observed from the
land use maps for 1984, 2004 and 2014. Rain fed agriculture
increased by 8.5 % between 1984 and 2004 while between
2004 and 2014, there was 4.99 % increase. The analysis also
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the lower elevations of study area can be attributed to people
turning to rice production due to high profitability.

showed that the area under rice production has increased by
7.79% between 1984 and 2004 and 1.59 % between 2004 and
2014. The decrease in irrigated agriculture mainly maize at
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Figure 5. Land use/land cover changes in the Thiba River Basin in the period between 1984 and 2014.
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Table 2. Land use/land cover changes in the Thiba River Basin in the periods 1984-2004 and 2004-2014.

Type of Land Use Area (Ha) % Area Area (Ha) % Area Area(Ha) % Area 1984-2004 % Change 2004-2014 % Change
1984 2004 2014
FOREST 79430.5 48.2 59347.5 36.0 49137.0 29.8 -12.2 -6.2
RAINFED AGRICULTURE 60972.1 37.0 74977.7 45.5 83199.2 50.5 8.5 5.0
IRRIGATED AGRICULTURE 4132.2 2.5 6993.2 42 6120.0 3.7 1.7 -0.5
BARE LAND 2933.0 1.8 1064.1 0.6 9233 0.6 -1.1 -0.1
SHRUBS 6490.0 39 3534.6 2.1 3520.9 2.1 -1.8 0.0
HERBACEOUS PLANTS 6946.5 42 2083.2 1.3 2376.7 1.4 -3.0 0.2
RICE 3383.4 2.1 16224.5 9.8 18852.6 11.4 7.8 1.6
URBAN AREA 501.2 0.3 567.2 0.3 664.2 0.4 0.0 0.1
WATER 11.0 0.0 8.0 0.0 6.1 0.0 0.0 0.0
TOTAL 164800.0 164799.9 164799.9

3.2. Simulation Modeling with SWAT

3.2.1. Rainfall Data Validation

Correlation analysis was carried out to determine the
relationship between satellite obtained rainfall and observed
rainfall data. The results (Fig. 6) showed a general agreement
which is more prominent in months of low rainfall. However,
in some months, there was over and under-estimation on

rainfall and this was attributed to many reasons, among
which could be: the recording errors by the river gauge
readers, evaporation and wind influences. The high
correlation coefficient r of 0.6 shows that satellite rainfall can
be used for hydrological modeling with a good degree of
confidence especially in areas with poor meteorological data.

Figure 6. The relationship between simulated and observed monthly rainfall for Thiba river basin based on data collected at Newcastle forest station.

3.2.2. Model Evaluation Results

Nine parameters (Table 3) were found to be sensitive following sensitivity analysis thus considered for calibrating SWAT

model.
Table 3. SWAT Model parameters and final fitted values used in the study.
Parameter Lower bound  Upper bound  Final fitted value  Parameter
1. SURLAG. Bsn 0 24 53 Surface runoff lag coefficient
2. CN2. Mgt 0.9 1 0.6 Initial SCS CN II
3. SOL_AWC. Sol 0 1 0.8 Available Water Capacity
4. ESCO. Hru 0.01 1 0.76 Soil evaporation compensation factor
5. GW_DELAY.Gw 0 60 20.95 Ground water delay
6. GWQMN. Gw 0 1000 )54 Thre'shold depth of water in the shallow
aquifer required for return flow to occur (mm)
7. REVAPMN. Gw 0 1000 0.154 Threshold depth of water in shallow aquifer for revaporization (mm)
8. GW_REVAP.Gw  0.02 0.2 0.19 Ground water revamp coefficient
9. ALPHA BE.Gw 0 1 0.8 Base flow alpha factor
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The simulated daily flow matches the observed values for
the calibration (1983-1988) and validation (1989-1993)
periods with the coefficient of determination R*= 0.9, 0.87
and NSE = 0.82, 0.79, respectively. Values of R* > 0.6 and
NS > 0.5 for the calibration of the daily or monthly simulated
stream flow are usually considered as adequate for an
acceptable calibration [29]. The graphical presentation of
results of the simulation during calibration period shown in
Figures 6 and 7 shows good agreement between simulated

and observed flows. Validation results are also illustrated by
Figures 8 and 9. The results show that SWAT is able to
simulate the hydrological characteristics of the Thiba River
basin very well. Hence, the model was used to conduct
hydrological response as result of land use change using the
land use maps for the years 1984 and 2014 in the Thiba
basin. Each of the two simulations used the same climate and
soil data so that the effects of land cover change on
hydrologic response were isolated.
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Figure 7. Observed and calibrated stream flow for Thiba River at catchment outlet 4DD02 between 1983 and 1988.

Figure 8. Comparison of observed and simulated stream flows of Thiba River Catchment outlet 4DD0?2 for calibration period between 1983 and 1988.
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Figure 9. Observed and validated stream flow for Thiba River at catchment outlet 4DD02 between 1989 and 1993.

Table 4. Comparison of Measured and simulated monthly flow for calibration and validation simulations.

Average monthly flow (m*/s)

. 2
Period Measured Simulated il R
Calibration Period (1983-1988) 17.22 17.89 0.82 0.9
Validation Period (1989-1993) 19.92 21.15 0.79 0.87

Table 4 indicates that the physical processes involved in
the generation of stream flows in the watershed were
adequately captured by the model. Hence, the model
simulations can be used for various water resource
management and development aspects.

3.2.3. Impacts of Land Use Change on Stream Flow
As indicated in the Table 5, the mean monthly stream flow
for wet months had increased by 6.01 m’/s while the dry

season decreased by 1.92 m’/s during the 1984-2014 periods
due to the land use and land cover change. When the
simulated stream flow data for the wet months was subjected
to students t test, the observed value of t (-3.81) came under
rejection region (1.72) at 5% significance level. We thus
reject the null hypothesis and conclude that land use change
has significant impact on stream flow during the wet season
between the period of 1984 and 2014.

Table 5. Mean monthly wet and dry month's stream flow and their variability (1983-1993).

Mean monthly flow m*/s

Land use/Land cover map 1984

Land use/Land cover map 2014

Mean monthly flow change

Wet months (April,Nov) Dry months (Jan, Feb,Mar)

40.00 10.22 46.01

Wet months (April,Nov)

Dry months (Jan, Feb,Mar) ~ Wet Dry
8.33 +6.01 -1.92

Similarly, the simulated stream flows during the dry
season were tested at 5% level of significance. The observed
value of t (5.30) fell under the acceptance region (1.69). We
thus accept the null hypothesis and conclude that Land use
change between 1984 and 2014 has no significant impact on
stream flow variability during the dry season.

The increase in stream flows can be attributed to the
expansion of agricultural land over forest that results in the
increase of surface runoff following rainfall events. We can
explain this in terms of the crop soil moisture demands. Crops
need less soil moisture than forests; therefore the rainfall
satisfies the soil moisture deficit in agricultural lands more
quickly than in forests there by generating more surface runoff
where the area under agricultural land is extensive. And this
causes variation in soil moisture and groundwater storage. This
expansion also results in the reduction of water infiltrating in

to the ground. Therefore, discharge during dry months (which
mostly comes from base flow) decreases, whereas the
discharge during the wet months increases. These results
demonstrate that the land use and land cover change have a
significant effects on infiltration rates, on the runoff
production, and on the water retention capacity of the soil.

A similar study conducted in Hare River watershed,
Southern Rift Valley Lakes Basin, Ethiopia by [30] showed a
12.5% increase in mean monthly discharge for wet months
while in the dry season decreased by up to 30.5% during the
1992-2004 period due to the land use/cover change. [25]
observed that higher runoff flows are expected in cropland
than in forests due to the fact that rainfall satisfies the soil
moisture deficit in agricultural land more quickly than in
forests thereby generating more runoff in agricultural land.
Lower infiltration rates are associated with agricultural land
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due to compaction and increase in soil bulk density. A
similar study in Njoro catchment [28] found that forest
conversion to agriculture led to a higher proportion of rainfall
is being converted into surface runoff, rather than infiltrating
into the soil and recharging the regional aquifer.

4. Conclusion

The study concluded that land use changes had taken place
between 1984 and 2014 with major changes been decrease of
forest cover 18.39 % and increase in rainfed agriculture by
13.5 %. The SWAT model simulation results showed that the
land use changes have significant impacts on stream flow
modifications with wet season mean monthly flow increasing
by 6.01% while dry season mean monthly flow decreasing by
1.92 %. Land use changes, especially upgrading of rain fed
agriculture, are unavoidable due to increased food demand
and declining agricultural productivity. Such changes are
bound to have positive socio-economic impacts geared
towards improving livelihoods, but could lead to negative
impacts on the basin hydrology.

The process of domesticating SWAT model for given
catchment basin has also been greatly facilitated by the
development of Remote Sensing (RS) and Geographic
information Systems (GIS) based interfaces which provides
more straight forward means of translating digital land use,
topographic, and soil data into model inputs. his has enabled
better understanding of hydrologic response to catchment
management decisions on hydrology of poorly gauged river
basins

The uses of automatic calibration techniques were found to
be convenient and highly efficient in model evaluation. The
study recommends that the basin stakeholders should
optimize utilization of abstracted water to avert future
catastrophic stream flow fluctuations, possibly flooding
during the wet season and low or dry riverbeds during the dry
months. The high water demand in the dry months can be
met by constructing water storage reservoirs to harvest the
high runoff during the wet months Also, it's important that
further research on impact of climate change be conducted to
better understand the relationship between catchment
hydrology and climate change.
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