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ARTICLE INFO                                          ABSTRACT 
 

 
 

Land cover changes have significant impacts on hydrological processes at the watershed level. The objective of the 
study was to apply a rainfall-runoff model derived using Hydrologic Engineering Centre-Hydrologic Modeling 
System (HEC-HMS) to predict hydrological impacts of land cover changes in Upper Athi River Catchment, 
Kenya. The derived HEC-HMS rainfall-runoff model was first calibrated and validated in the period 1984-1990 
using six events in the study area. Land cover data used in the study were obtained from Land sat TM images of 
the years 1984, 1988 and 2010. The hydrological impacts were predicted using the calibrated HEC-HMS model in 
the period 1984-2010. Changes in peak discharges and runoff depths at the outlet of the study area were used to 
quantify hydrological impacts of land cover changes. The land cover change detection between 1984 and 2010 
revealed that agricultural land and built-up land increased by 8.67 % and 23.70 % while closed/open woody 
vegetation, broadleaved evergreen forest and rangeland decreased by 9.98 %, 2.52 % and “19.88 %” respectively.  
The HEC-HMS model performance was found satisfactory with mean values of coefficient of efficiency (COE) 
during calibration and validation of 0.9514 and “0.9003” respectively.  Impacts of land cover change analysis 
between 1984 and 2010 showed that peak discharges and runoff depths increased by 4-23% and 6-18% 
respectively.  The increase in peak discharges and runoff depths were associated with the increase in impervious 
surfaces resulting from agricultural and built-up lands. The HEC-HMS model is recommended for prediction of 
hydrological impacts of land cover changes in the study area. 
 

 Copyright, IJCR, 2013, Academic Journals. All rights reserved. 
 
 

 

INTRODUCTION 
 
Changes in land cover have a major influence on the hydrological 
cycle and the environment of rivers and lake basins. The relationship 
between land cover change and hydrology is complex, with linkages 
existing at a wide variety of spatial and temporal scales. Theoretically, 
land use and land cover, soils, and topography are the three primary 
watershed properties governing hydrologic variability in the form of 
rainfall-runoff response (Fu et al., 2005). Land cover change is an 
important characteristic in the runoff process that affects infiltration, 
erosion, and evapotranspiration (Mustafa et al., 2005). Improved 
understanding of the relationships between land cover, climate and 
runoff at a watershed scale can be used to compare different parts of 
the watershed, identify those that are at risk or susceptible to change, 
and aid in management attempts to limit undesired impacts. Some 
studies indicate that the trends and direction in hydrologic response 
can be correctly inferred from the corresponding trends and direction 
in land cover change (Hernandez et al., 2000). The hydrological 
impacts of land cover and climate changes have received a 
considerable amount of interest in hydrology. Since the development 
of distributed and semi-distributed hydrological models, modeling the 
hydrological response to land cover and land use changes has been a 
topic of active research for many research groups worldwide (e.g. 
Suwanwelarkamtorn, 1994; Rosso and Rulli, 2002; Mustafa et al., 
2005; Coutu and Vega, 2007; Ahn et al., 2008;  Santillan et al., 2010).  
Hydrologic models, especially simple rainfall-runoff models, are 
widely used in understanding and quantifying the impacts of land 
cover and land use changes, and to provide information that can be 
used in land use decision making (Muthukrishnan et al., 2006). Many 
hydrologic models are available, varying in nature, complexity and 
accuracy of prediction (Shoemaker et al., 1997). The choice of a 
model  is  determined  by  the  availability of  data  and purpose of 
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the model. One of the models that have recently seen wide application 
is HEC-HMS model (USACE, 2010). It was designed to be applicable 
in a wide range of geographic areas for solving the widest possible 
range of problems. This includes large river basin water supply and 
flood hydrology, and small urban or natural watershed runoff. The 
parameters of HEC-HMS model are site specific and are usually 
determined through calibration using observed data. The Upper Athi 
River Catchment is one of the Kenya’s water towers. It is the source 
of the main Athi River and its tributaries. It lies between latitudes 
0o49'48"S and 1o49'48"S and longitudes 36o34'48"E and 37o17'24"E, 
with an approximate area of 5697.5 km2.  Altitude ranges from 2600 
m in the North West to 1500 m in the southern part above mean sea 
level (amsl). The highlands include Ngong Hills in the West, southern 
parts of the Abardare forest in the North West and Mua Hills on the 
South East. The climate across the catchment is variable, typically 
being humid in the upper zone consisting of the southern part of 
Abardare forest and semi-arid in the southern zone, dominated by 
rangelands.  
 
There are two distinct rainy seasons in the catchment: March-April-
May (the long rains) and October-November (short rains). The mean 
annual rainfall ranges from 1300 mm to 450 mm and daily 
temperatures ranges from 10oC in the upper zone of the region to over 
30oC in southern zone.  The soils in the study area display spatial 
variability. The upper zone consists of andosols, nitisols, cambisols 
and portions of phaeozems. The middle zone consists of nitisols and 
cambisols, while the southern zone is dominated by cambisol with 
minor portions of gleysols and ferrasols. Land use pattern within the 
Upper Athi catchment are highly influenced by rainfall patterns, 
topography and human activity.  Agriculture dominates the economy 
of the highlands in the North West and western parts. This changes 
significantly moving away towards the middle and the southern parts. 
Industrial activities dominate middle zone, while livestock and small-
scale irrigation are pronounced in the southern reaches of the 
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catchment. The Upper Athi River Catchment has been experiencing 
land cover and use changes due to agricultural expansion and 
urbanization. Due to over population people have been moving 
towards sensitive areas like the highlands. In such areas land use 
without considering the slope and erodibility have led to severe 
erosion and related problems. According to Lambretchts et al. (2003) 
the southern slopes of the Abardare range forests have undergone 
destruction due intensive charcoal production and illegal logging. 
Other parts of Upper Athi River Catchment are also experiencing land 
cover and land use changes due to expansion of existing urban centres 
and agricultural expansion. The impacts of these land cover and land 
use changes on the hydrology of the study area have not been 
assessed. The main objective of study was to quantify land cover 
changes and the corresponding hydrological impacts in the Upper Athi 
River Catchment by integrating remote sensing/GIS and a 
hydrological model. 
 
 

 

MATERIALS AND METHODS 
 

Detection of Land Cover Changes 
 
Land cover data required in the study were obtained from 
classification of Landsat Thematic Mapper images, with a 30-m 
ground resolution, for the years 1984, 1988 and 2010 (path/row: 
168/61). A supervised signature extraction with the maximum 
likelihood algorithm was employed to classify the Landsat images. 
Bands 2 (green), 3 (red), and 4 (near infrared) were found to be most 
effective in discriminating each class and thus used for classification. 
The classification scheme system by Anderson et al. (1976) was 
modified and used in the image analysis. Ground control points 
obtained from field reconnaissance were used during interpretation of 
satellite images. Land cover and use changes were computed as a 
percentage of the total study area (Fig. 1). 

 
 

Fig 1. Study Area  
 
Derivation of HEC-HMS Model  
 
The HEC-HMS model of the study area was constructed using HEC-
HMS program version 3.5 (USACE, 2010). A complete HEC-HMS 
model consists of basin model, meteorological model, time series data 
and control specification components. A basin model gives the 
physical description of the watershed. The hydrologic components of 

a basin model are sub-basins, river/stream reaches, reservoirs, 
junctions, diversions, source and sink. The digital elevation model 
(DEM) was used to define a stream network and to disaggregate the 
watershed into a series of interconnected sub-basins by using HEC–
GeoHMS, the GIS pre-processor for HEC–HMS coupled with ESRI’s 
Arcview GIS Program (USACE, 2003). The entire study basin was 
disaggregated into 9 sub-basins and the drainage networks also 
delineated (Figure 2). Then the topographic attributes for each sub-
basin (e.g., average slope, flow length, area, lag times) were derived 
(Table 1). 
 

 
 

Figure 2. Basin model of the study area 
 

Table 1.  Topographic attributes of sub-basins 
 

Sub-basin Area 
(km2) 

Flow Length (m) Average 
slope (%) 

Lag times 
(minutes) 

SBB1 1791.2 48850 0.43 389 
SBB2 697.3 44131 0.77 288 
SBB3 829.2 67375 0.96 365 
SBB4 256.7 47093 1.82 217 
SBB5 475.0 59932 1.81 261 
SBB6 328.0 68484 1.71 297 
SBB7 394.6 71921 1.65 312 
SBB8 884.5 44697 0.61 318 
SBB9 41.1 12498 2.18 73 

 
The basin model components such as sub-basins, reaches, junctions 
and sinks were added in the HEC-HMS user interface as shown in 
Figure 2.  Meteorological model describes the atmospheric conditions 
over the watershed land surface. It consists of rainfall stations. In the 
HEC-HMS user interface it was formed by assigning rainfall stations 
to each sub-basin; those within and surrounding the sub-basins. Time 
series data component consists of precipitation and discharge gauges. 
The time series data were developed in HEC-DSSvue; a data entry 
extension of HEC-HMS program. Control specification is the time 
control during a simulation run. A control specification is described 
by start of simulation, end of simulation and interval of simulation. In 
the present study the interval was 24 hours (one day) since all time 
series data were collected on daily basis.   
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HEC-HMS Model input parameters 
 
Several hydrologic input parameters are required in a HEC-HMS 
model for: 1) estimation of precipitation losses, 2) the unit 
hydrograph, and 3) flow routing. The type of parameters depends on 
the methods used. There are several alternatives in HEC-HMS 
program that may be used to define the input factors. In the study, the 
SCS CN method was used to estimate precipitation losses; SCS unit 
hydrograph used to transform rainfall excess into direct runoff and 
Muskingum method used for flow routing. The SCS CN was chosen 
because it utilizes land cover/use, making it possible to investigate 
impact of land cover/use change. In addition, the exponential decay 
method was used to model base flow. Based on the choice of methods, 
the main parameters of the model in the study area were curve number 
(CN), lag times of the sub-basins, sub-basin areas (A), the 
Muskingum routing coefficients (K and x), base flow recession 
constant, initial and threshold discharges. Curve numbers were 
estimated from land cover/soil data while lag times were computed 
using the topographic characteristics of the sub-basins (Table 1). On 
the other hand, the Muskingum routing coefficients (K and x), base 
flow recession constant, initial and threshold discharges were 
determined through calibration using known rainfall and discharge 
data. 
 

Rainfall and stream flow analyses 
 
Daily rainfall and stream-flow data for the period 1984-1990 was used 
in the study.  The rainfall stations used were purposively selected 
within the study area, while only the river gauging station at the basin 
outlet was used. The analysis involved selecting sections with 
continuous data for both rainfall and streamflow. The selection was 
mainly dictated by the availability of streamflow data. These sections 
are referred herein as events. A total of six events each consisting of 
daily rainfall for all meteorological stations and corresponding daily 
discharges at the river gauging station (outlet) were identified as: 17 
April – 6 May 1986; 17 April-17 May 1988; 1-31 May 1989; 1-31 
Dec 1984; 1-28 Feb 1985 and 1-30 April 1990. The first three events 
were used for model calibration while the other three events were used 
for model validation. The main characteristics of each event are 
summarized in Table 2. 
 

Table 2. Main characteristics of events 
 

Events Peak discharge (m3/s) Direct runoff (mm) 
Calibration events   
17 April - 6 May 1986 799.60 65.37 
17 April - 17 May 1988 1049.50 189.07 
1-31 May 1989 573.17 81.76 
Validation events   
1-30 April 1990 598.6 123.84 
1-28 Feb 1985 317.1 41.37 
1-31 Dec 1984 159.80 25.43 

 
Curve number computation 
 
The curve number (CN) is a function of hydrologic soil group, cover 
type, land use and antecedent moisture condition. In order to 
determine curve number, the land cover and soil type cover ages were 
combined through overlay analysis of GIS. The resulting coverage 
was used to delineate the sub-basin area into sub-areas that have same 
land use and soil type characteristics. The soils in the study area were 
broadly classified into hydrologic soil groups B and C. In this study, 
each sub-basin was assigned the dominant soil type and assumed 
uniform. The sub-basins with hydrologic soil group B were SBB3, 
SBB4, SBB5, SBB6 and SBB7 while those with hydrologic soil group 
C were SBB1, SBB2, SBB8 and SBB9. The curve number for every 
sub-area was obtained using appropriate tables such as those 
developed by SCS (1985). The representative curve number of each 
sub-basin was determined as the weighted average of all CN values of 
the sub-areas given by the expression: 
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where Ai and CNi are the area and the curve number of sub-area in 
each sub-basin i, respectively. The moisture condition II was assumed 
during estimation of CN. The CN is one of the direct inputs in the 
hydrologic model. The land cover data from the classified Land sat 
Thematic image of 1988 was used to estimate the initial curve 
numbers required in the hydrologic model.  
 

Calibration, Validation and Evaluation of HEC-HMS Model 
 
The purpose of calibration was to obtain optimal values of curve 
numbers, initial discharges, recession constants, threshold discharges, 
and the Muskingum routing coefficients (K and x). The model 
calibration was performed using the optimization option available in 
HEC-HMS program version 3.5 (USACE, 2010). During the 
calibration process, initial values of curve numbers were computed 
using the 1988 land cover data, while arbitrary initial values of initial 
discharge, threshold discharge, recession constant, K and x were 
chosen. The calibration process involved adjusting the parameters 
until the observed and predicted hydrographs were close fit. The 
model validation involved predicting hydrographs using the optimal 
parameters. The predicted hydrographs were then compared to the 
observed hydrographs recorded at outlet of the basin. In the study, 
main interest was the peak discharge and runoff depth measured at the 
outlet of the basin. The optimal parameters were used to evaluate 
model performances during calibration and validation. The coefficient 
of efficiency (COE) proposed by Nash and Sutcliffe (1970), mean 
error (ME), percentage deviation of peak discharges (Dp) and 
percentage deviation of discharges (Dv) were used to evaluate the 
model performance. They are expressed as follows: 
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Where qpi is the predicted flow of day i (mm), qoi is the observed flow 
of day i (mm), qm is the mean of all observed flows, qpp is the 
predicted peak discharge (m3/s), qop is the observed peak discharge 
(m3/s) at the basin outlet. In addition, the match was visually assessed 
using the overall shape and fit of hydrographs. In addition, the product 
moment correlation coefficient (r) and coefficient of determination 
(R2) were used to evaluate the model performance. 
 
Predicting Impacts of Land Cover and Land Use Changes 
 
Runoff depths, peak discharges and the general shapes of the 
hydrographs were used to quantify impact of land cover and use 
changes. The events used in model validation were later used in the 
prediction of impact of land cover changes in the periods 1984-2010. 
The land cover and use data of 1984 and 2010 were used to compute 
the curve numbers required in the model. The impacts were quantified 
using the percentage changes in peak discharges and runoff depths 
recorded at the outlet of the study area.  
 

RESULTS AND DISCUSSION 
 

Land cover and use change detection 
 
Five major land cover and use were identified in Upper Athi 
catchment, namely; broadleaved evergreen forest; closed/open woody 
vegetation, rangeland; agricultural land; and built-up land. These land 
cover and use are distributed in the study area according to agro-
ecological  zones.  The  land  cover  types  in 1984, 1988 and 2010 are  
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shown in Table 3. From Table 3 it is evident that agricultural and 
built-up lands increased between 1984 and 2010. The agricultural 
land increased from 489.6 km2 (8.59%) in 1984 to 983.90 km2 
(17.27%) in 2010, while built-up land increased from 1184.30 km2 

(20.78%) in 1984 to 2534.60 km2 (44.48%) 2010. In the entire 
period the agricultural land and built-up land increased by 494.20 
km2 and 1350.30 km2, representing an increase of 8.67% and 23.70% 
respectively. On the other hand, broadleaved evergreen forest, 
rangeland and closed/open woody vegetation decreased between 
1984 and 2010. The broadleaved evergreen forest decreased from 
260.50km2 (4.57%) to 117.00 km2 (2.05%). The rangelands 
decreased from 2323.50 km2 (40.78%) to 1190.90 km2 (20.90%), 
while closed/open woody vegetation decreased from 1439.60 km2 
(25.27%) to 871.10 km2 (15.29%). Overall the broadleaved 
evergreen forest, closed/open woody vegetation and rangelands 
decreased by 143.50, 568.50 and 1132.60 km2, representing decrease 
of 2.52%, 9.98 and “19.88%” respectively.  The distribution of the 
different land cover types in 1984 and 2010 are shown in Figures 3 
and 4, respectively. From Figures 3 and 4 it is evident that the 
agricultural land increased due to conversion of closed/open woody 
vegetation and broadleaved evergreen forest, while built-up land 
increased due to conversion of rangelands. The small decrease in 
broadleaved evergreen forest could be attributed to protection by 
Kenya Forest Service, since this category of land cover includes the 
Southern Abardare forest, which is a gazetted forest.  On the other 
hand, increase in built-up land can be attributed to rural-urban 
migration. 
 

 
 

Fig. 3. Land cover types as derived from Landsat TM of 1984 

 
 
 
 
 
 
 
 
 
 
 
 

 
 

Fig. 4. Land cover types as derived from Landsat TM of 2010 
 
Hydrological Modeling 

 
Model Calibration, Validation and Evaluation 
 
The optimal parameters obtained during calibration are shown in 
Tables 4 and 5 while the results of model evaluation are shown in 
Table 6 and illustrated graphically in Figures 5-10. From Table 5 it 
can be noted that the values of x were within the acceptable range of  
0 - 0.5. The results of model performance evaluation using the optimal 
parameters during calibration and validation is given in Table 7 while 
Figures 5-10 show the predicted and observed flow hydrographs. The 
coefficient of efficiency (COE) between predicted and observed flow 
hydrographs were in the range 0.9308 to 0.9772 with mean COE of 
0.9514 for the calibration events and COE in the range 0.8685 to 
0.9529 with a mean COE of 0.9003 for validation events. The values 
of COE can be regarded as acceptable for all calibration and 
validation events, meaning a good fit between predicted and observed 
values. These findings are in agreement to those of Chen et al. (2009)  
 

Table 4. Optimal values of K and x 
 
 

Reach K  (hours) x 
RCH1 35.31 0.22 
RCH2 12.75 0.19 
RCH3 4.6 0.19 
RCH4 4.4 0.22 
RCH5 5.99 0.20 

Table 3.  Land cover and land use in 1984, 1988 and 2010 
 

Land cover type 1984 1988 2010 % Change 
1984-2010 Area (km2) % Area (km2) % Area (km2) % 

Broadleaved 
evergreen  forest 

260.5 4.57 277.3 4.87 117.0 2.05 -2.05 

Closed and open 
woody vegetation 

1439.6 25.27 962.9 16.90 871.10 15.29 -9.98 

Rangeland  2323.50 40.78 2038.40 35.61 1190.90 20.90 -19.88 
Agricultural land  489.6 8.59 813.4 14.28 983.90 17.27 8.67 
Built-up land 1184.3 20.78 1605.5 28.18 2534.60 44.48 23.70 
Total  5697.5 100.0 5697.5 100.0 5697.5 100.0  
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who obtained COE values ranging from 0.796 to 0.934 with an 
average of 0.885 during calibration and COE values ranging from 
0.750 to 0.950 with a mean of 0.873 during validation of HEC-HMS 
model in Xitiaoxi basin, China and regarded the results as satisfactory. 
The mean errors (ME) were less than 10% except for one event 
(19.23%), indicating satisfactory performance overall. The percentage 
deviations of peak discharges and percent deviations of daily 
discharges were acceptable (less than 10%) except for one (-13.97%). 
Chen et al. (2009) obtained percentage deviations in peak discharge 
that were within 10% error and percent deviations in runoff volumes 
that were less than 10%, except for one event (10.9%) during 
calibration and recommended the use of the model. On the other hand, 
Razi et al. (2010) observed 4% percent deviation in peak discharge in 
Johor River, Malaysia and recommended the use of the HEC-HMS 
model for estimating peak discharge.  The results of the study have 
demonstrated that the calibrated and validated HEC-HMS model of 
the study area can be used for prediction of direct runoff and peak 
discharges satisfactorily. Figures 5-10 show the predicted and 
observed flow hydrographs.  
 

 
 

Fig. 5. Predicted and observed flow using 17 April-6 May1986 event. 
 

 
 

Fig. 6. Predicted and observed flow hydrographs for 17April-17May 1988 
event. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

Fig. 7. Predicted and observed flow hydrographs for 1-31May 1989 event. 
 

 
 

Fig. 8.  Predicted and observed flow hydrographs for 1-30April 1990 
event. 

 

 
 

Fig. 9. Predicted and observed flow hydrographs for 1-28 Feb 1985 event. 
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Table 5. Optimal parameters for each sub-basin 
 

Sub-catchment Optimal CN Recession constant Initial discharge (m3/s) Threshold discharge (m3/s) 
SBB1 66 0.83 9.39 10.70 
SBB2 64 0.83 2.96 3.95 
SBB3 61 0.83 9.39 3.95 
SBB4 52 0.83 2.96 3.95 
SBB5 56 0.83 2.96 3.95 
SBB6 55 0.83 2.96 3.95 
SBB7 55 0.83 2.96 3.95 
SBB8 65 0.83 4.42 3.78 
SBB9 67 0.83 3.00 4.03 

 

Table 6. Results of model performance evaluation using calibration and validation events 
 

Events Sample size qop (m3/s) qpp (m3/s)  Qo (mm) Qp (mm) Dp (%) Dv (%) COE ME 
Calibration events          
17April- 6 May 1986 20 799.60 814.0 65.37 69.38 1.80 8.96 0.9772 19.23 
17 April -17May 1988 31 1049.50 1004.3 189.07 179.14 -4.31 -0.48 0.9463 -1.92 
1-31 May 1989 31 573.17 596.44 81.76 87.54 4.06 0.52 0.9308 0.94 
Validation events          
1-30 April 1990 30 598.6 643.0 123.84 119.74 7.42 2.28 0.8685 6.25 
1-28 Feb 1985 28 317.1 272.80 41.37 30.50 -13.97 1.17 0.8796 1.15 
1-31 Dec 1984 31 159.80 167.70 25.43 15.53 4.94 -3.94 0.9529 -2.21 
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Fig. 10. Predicted and observed flow hydrographs for 1-31 Dec 1984 event. 
 
It can be noted that the predicted and observed flow hydrographs 
matched well, implying that the model predicted flows satisfactorily. 
 
Hydrological impacts of land cover changes  
 
The validation events were used to quantify the hydrological impacts 
of land cover changes between 1984 and 2010. The results are 
represented in Table 8 and illustrated in Figures 11-13, respectively. 
 
Table 8.  Impact of land cover and land use change between 1984 and 2010 
 

Event 1984 2010 % Change 
 qpp  

(m3/s) 
Qp 
(mm) 

qpp 
(m3/s) 

Qp 
(mm) 

qpp Qp 

1-28 Feb 85 565.10 58.58 618.50 64.35 9.45 9.85 
1-30 April 90 736.90 182.73 768.00 195.26 4.22 6.86 
1-31 Dec. 84 294.50 26.84 362.70 31.65 23.16 17.92 

 
The peak discharges and runoff depths increased by 4-23% and 6-18% 
respectively, between 1984 and 2010. In the same period, built-up 
land and agricultural land increased by 8.67% and 23.70% 
respectively, while broadleaved evergreen forest, closed/open woody 
vegetation and rangelands decreased by 2.52%, 9.98 and 19.88% 
respectively. Increase in built-up land led to creation of impervious 
surfaces which decreased infiltration and increased surface runoff. 
Increase in agricultural land also led to less protection of soil against 
raindrop impact, since after harvesting and shortly after sowing, the 
plants do not cover the soil completely. Also depending on the type 
of crop being grown, croplands tend to have a percentage of bare 
ground even during the peak of growing season and may be 
completely bare prior to planting. The decrease in forest reduced 
evapotranspiration, depression storage and infiltration, leading to 
increase in surface runoff.  In the study the increase in peak 
discharge and runoff depths can be attributed mainly to increase in 
built-up and agricultural lands. The results of the study agree with 
those obtained by other authors (e.g. Costa et al., 2003; Mustafa et al., 
2005; Chen et al., 2009; Githui et al., 2009; Ahn et al., 2008; 
Santillan et al., 2010).  
 

 
 

Fig. 11. Change in flow hydrographs between 1984 and 2010 for 1-31 Dec 
84 event. 

 
It can be noted that Peak discharge increased from 294.5 m3/s to 
362.70 m3/s, between 1984 and 2010 for the 1-31 Dec event, 
representing an increase of 23.16%. 
 

 
 

Fig. 12. Change in flow hydrographs between 1984 and 2010 for 1-28 Feb 
85 event. 

 
The peak discharge increased from 565.1 m3/s to 618.5 m3/s while 
time to peak decreased by one day for the 1-28 Feb 1985 event. 
 

 
 

Fig. 13. Change of flow hydrographs between 1984 and 2010 for 1-30April 
event. 

 
Peak discharge increased from 736.9 m3/s to 768 m3/s for the 1-30 
April 1990, while time to peak decreased by one day, between 1984 
and 2010. The decrease in time to peak implied that the study area 
responded more quickly to rainfall events and hence more prone to 
flooding. The predicted peak discharges can be used to design water 
storage reservoir that would capture the high flows during the rainy 
season. 
 

Conclusions and Recommendations 
 

The study involved quantification of land cover changes and their 
corresponding hydrological impacts using a validated and calibrated 
HEC-HMS model of the study area. Land cover change analysis 
revealed a general increase in agricultural and built-up lands and 
decrease in broadleaved evergreen forest, closed/open woody 
vegetation and rangelands. Evaluation of HEC-HMS model showed 
that it could be used as a tool to predict peak discharges and runoff 
depths in the study area. The study revealed that changes in land 
cover/use led to a general increase in runoff depths and peak 
discharges, associated mainly to increase in agricultural and built-up 
lands. The HEC-HMS model is recommended in decision support for 
watershed land use planning and management because it was found 
capable of generating quantitative data which could provide useful 
information for local administrations and decision makers to 
scientifically develop land use policies which would minimize 
negative environmental impacts induced by land cover and land use 
changes.  
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