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ABSTRACT 

 

The hydrological cycle over most tropical catchments is mainly influenced by changes in 
land use and climate. This study explored the trend of precipitation and streamflow to 
evaluate the sensitivity of the catchment to land use and climate. A Mann-Kendall test 
and the concept of streamflow elasticity were adopted to determine the trend of 
precipitation and sensitivity of the catchment to climate. Changes in land use on the 
streamflow were evaluated using a spatially distributed SHETRAN hydrological model. 
The model calibration period was 1995-1998, while 2009-2012 was the validation period. 
The highest change in the gain of land were mainly experienced from the agricultural 
land use (crop growing) (36.7%) and tropical forest-regeneration (2.2%); while the 
highest loss in land were experienced from the wetlands (24.6%) and bushlands and 
thickets (15.3%) land cover types. The calibration period had a Nash-Sutcliffe Efficiency 
(NSE) of 0.78 whilst 0.81 during validation. The high frequency of flood re-occurences 
and growth in agricultural land use were the major contributors of streamflow in the 
catchment. 
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1.0 Introduction 



Changes in land use and climate alter hydrological cycles by affecting evapotranspiration, 
soil infiltration capacity, and surface and subsurface flow regimes (Niehoff et al., 2002; 
Hurkmans et al., 2009) depending on the degree and type of ground cover (Fohrer et al., 
2001). The modification in turn affects the water quality and quantity (Roberts and Crane, 
1999; Qi et al., 2009) rainfall-runoff volumes, and soil water content (Dezso et al., 2005; 
Zhi et al., 2009). Streamflow responses to changes in land use and climate are accelerated 
by natural (e.g. channel degradation) or human-induced (e.g. agricultural management 
practices) factors that cause changes in the storage characteristics of catchments 
(McCuen, 2002). The changes are also results of multiple factors including demographic 
growth, macroeconomic activities, development policies (Li et al., 2007) and physical 
characteristics of the catchment (Sullivan et al., 2004). Therefore, carrying out an 
assessment of changes in land use and climate can be a basis for improved water 
resources management and ecological restoration of most catchments (Kashaigili, 2008; 
Nie et al., 2011).  
 
It is important to note that the rate and extent of changes in land use and climate may 
differ from one region to another. For instance, in many tropical regions, large scale 
changes in land use and cover may involve the replacement of the natural vegetation 
cover with crops or pastures, which disrupts the hydrological cycle by altering the water 
yield (Marcos et al., 2003). In East Africa, nearly 13 million hectares of forest were lost 
over the last 20 year period, while the remaining forest is fragmented and continually 
under threat (FAO, 2010). Elsewhere, in the Comet catchment, Australia, the findings 
from simple coupled water, energy balance framework suggested that most of the 
observed changes in the annual streamflow were related to climate variability. However, 
the period (1971–2007) immediately after forest clearing, the catchment showed an 
increase in the inter-annual streamflow that suggested a decrease in inter-annual 
evapotranspiration associated with land use and cover changes mainly attributed to higher 
than average rainfall linked to the La Niña conditions in the wet 1970s (Siriwardena et 

al., 2006; Jorge et al., 2012).  
 
The effects of changes in land use and climate on the catchment hydrology are dependent 
on the individual characteristics of the catchment such as topography, bare rock, and type 
of soil (Moran-Tejeda et al., 2010). Therefore, investigating the effects of changes in land 
use and climate on the catchment hydrology is vital to inform water and land use 
managers on the various dynamics causing variations in the catchment streamflow 
(Beven, 2001; Woonsup and Brian, 2008; Mango et al., 2011). Examining the effect of 
land use and cover changes on the hydrological cycle continues to be an active area of 
research within hydrology (Murray 2009). This could be attributed to the improvement in 
the detection of changes in land use and climate across large catchments with the 
application of remote sensing and geographical information systems techniques 
(Nutchanart and Wisuwat, 2011). Additionally, carrying out a quantitative analysis of how 
changes in land use and climate affect the water balance and hydrological cycle is still 
inadequate in the field of hydrological research in respect to streamflow (Overgaard et al., 
2005).  
To address this inadequacy, there are numerous well known general hydrological models 
currently developed and utilized worldwide to investigate the effects of changes in land 



use and climate on the hydrology; and over 20 hydrological models have been listed, 
synthesized and reviewed by Vijay and Woolhiser (2002) and Isik et al. (2012). 
Hydrological modelling is perhaps one of the means to study the individual and combined 
effects of multiple factors on the hydrology of large and medium catchments (Qi et al., 
2009; Elfert and Bormann, 2010). Therefore, the purpose of this study was to assess the 
effect of changes in land use and climate on the streamflow of the Malaba River 
Catchment.  

 

1.1 Materials and methods 

 

1.1.1 Study Area 

Malaba River is a perennial river that is situated on the eastern part of Lake Kyoga (ILM, 
2004). The Malaba River is a mid-sized catchment, and transboundary in nature. The size 
of this mid-sized catchment is 2,232 km2. The river originates from the slopes of Mount 
Elgon, from where it forms the border between Uganda and Kenya (Lakimo, 2004; Kizito 
and Ngirane-Katashaya, 2006) and later drains into Lake Kyoga. About seventy percent 
of the river is situated in Uganda (midstream and downstream), while the remaining 
portion is in Kenya (upstream) (Figure 1). The catchment experiences a mean annual 
temperature of about 27.9˚C. The highest precipitation is received between March to May 
(280 mm/month, 240 mm/month) and August to November (183 mm/month, 170 
mm/month). The driest months are January (71 mm/month) and July (81 mm/month). The 
potential evapotranspiration rates are highest in the months of January (148.8 mm/month) 
and March (148 mm/month). The lowest are experienced in the months of May, June, 
July, and August with 114 mm/month respectively. Petric plinthosols, and Gleysols are 
the major soil types found in the catchment. The other soil types are Lixic ferrasols, Acric 
ferrasols and Nitisols. These soil catena groups can be distinguished easily because they 
represent earlier stages of the weathering processes (NEMA, 1997). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 

Figure 1: The Malaba River Catchment 



1.1.2 Trend of Precipitation   

An inter-decadal assessment of rainfall records was carried out to assess the pattern of 
rainfall in the catchment. A non-parametric Sen’ estimator methodology was adopted to 
determine the magnitude of rainfall trend.  
 
The linear model f(t) is described as expressed by Sen (1968) as: 

( )f t Qt B= +  
Where Q is the slope, B is a constant 
 
To derive an estimate of the slope Q, the slope of all data pairs were calculated 
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1

2

2

2 2

1

2

N

N N

T

T T

β

+

+

 
  

=   
 + 
      

A positive value of β indicates an upward (increasing) trend and a negative value 
indicates a downward (decreasing) trend in the time series. 
 
The significance of changes in annual rainfall was determined with the use of 
Mann-Kendall and Distribution free CUSUM non parametric tests. These were carried 
out to detect the possible changes in precipitation (increase or decrease). The 
Mann-Kendall test was adopted to assess changes in precipitation; while the Distribution 
free CUSUM test was carried out to test whether the data was different for an unknown 
time of change. The n time series values (X1, X2, X3, …, Xn ) were replaced by their 
relative ranks (R1, R2, R3,…….., Rn). The Mann-Kendall test statistic S is given below: 
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Where sgn(x) = 1 for x > 0 
 sgn(x)  = 0 for x = 0 
 sgn(x)  = -1 for x < 0 
if the null hypothesis H0 is true, then S is approximately normally distributed with: 
µ = 0 
σ = n(n – 1) (2n + 5)/18              2 
The z-statistic critical test for various significance levels  
Z = |S| /σ0.5                3 
A positive value of S connotes an “upward trend”, while a negative value of S indicates a 
“downward trend” (Partal and Kalya, 2006; Karpouzos et al., 2010). In this analysis, the 
null hypothesis was tested at 95% confidence level. 
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And for the Distribution free CUSUM test given a time series data (x1,x2,x3,……, xn), 
the test statistic is defined as  
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Where sgn(x) =  1 for x > 0 
 sgn(x) =  0 for x = 0 
 sgn(x) = -1 for x < 0 
 Xmedian is the median value of the x1 data set 
The distribution of Vk follows the Kolmogorov-Smirnov two-sample statistic (KS = (2/n) 
max |Vk|) with the critical values of max |Vk| given by: 
α  = 0.10 1.22√n 
α  = 0.05 1.22√n 
α  = 0.01 1.63√n 
A negative value of Vk indicates that the latter part of the record has a higher mean than 
the earlier part and vice versa.  

 

1.1.3 SHETRAN model and Data preparation 

1.1.3.1 SHETRAN model Description 

SHETRAN model version 2.101 (GUI) was set up and incorporated with disaggregated 
daily to hourly rainfall and evapotranspiration data to simulate discharge in the both the 
calibration and validation periods. In addition, the DEM, mask, soil and land use and 
cover datasets were re-sampled to a 50 X 50 m grid cell size as a requirement for the 
model prior to their incorporation in the model. For vegetation, canopy storage capacity, 
leaf area index, maximum rooting depth (m) and AE/PE at field capacity. The soil water 
retention and hydraulic properties for each soil layer were derived from texture, bulk 
density and organic matter content values using the methods of Brooks-Corey and Van 
Genuchten (Rawls and Brakensiek, 1989). Direct measurements of leaf area index and 
rooting depth were obtained from previous DHSVM studies (Bowling and Lettenmaier, 
1997) and data from the Land Data Assimilation System (LDAS). The SHETRAN model 
processes, assumptions and calculations that governed interception, actual 
evapotranspiration, transpiration, generation of runoff, overland flow, erosion by rainfall, 
transport capacity are described and presented by Abbott et al., (1986); DeFigueiredo and 
Bathurst (2001); Anderton et al., (2002). However, the model was parameterized, using 
field data and functions that required little and cheaply obtained information prior to 
simulation.  

1.1.3.2 Disaggregation of Rainfall and Evapotranspiration data  

The hourly precipitation data is a requirement for simulation of the SHETRAN Model 
(Birkinshaw et al., 2010). Therefore, the hyetos model was used to disaggregate the 
obtained daily rainfall into hourly data following a temporal stochastic disaggregation 
scheme (Jose et al., 2003). The Bartlett-Lewis rainfall model was applied as a 
background stochastic model for rainfall generation. The model uses a repetition scheme 
to derive a synthetic rainfall series, which resembles the given series at the daily 



timescale and subsequently, the proportional adjusting procedure, to make the generated 
hourly series fully consistent with the given daily series (Koutsoyiannis and Manetas, 
1996; Debele et al., 2007). The model was chosen because of its wide applicability in 
several climatic regions (Koutsoyiannis and Onof, 2001). The variation was acceptable 
for the data to be incorporated into the hydrological model. The daily evapotranspiration 
data was also disaggregated into hourly data using the System for Automated 
Geo-scientific Analyses (SAGA) software. 

1.1.3.3 Quantification of the land use and cover changes  

The study utilized two sets of multi-temporal, cloud free (0%) and ortho-rectified Landsat 
TM/ETM+ (30 m) images of 1995 and 2012; (Path 170 row 59; Path 170 and row 60 
under PCS WGS 1984 UTM, zone 36N) to quantify the extent of land use and cover 
changes in the catchment. The images were pre-processed using a 3 x 3 majority filtering 
method prior to classification (McDonnell, 1981; Cleve et al., 2008). The pre-processed 
images were classified following a supervised classification procedure (Maximum 
Likelihood) because each land use and cover class had a Gaussian distribution (Dewan and 
Yamaguchi, 2009). The study adopted the National Biomass Study (NBS) (2003) land use 
and cover classification scheme for the description of land use and cover classes in Uganda. 
The classified land use and cover classes included woodland, tropical forest (fully 
stocked), tropical forest (regeneration), bushlands and thickets, agriculture (non-uniform), 
wetland (permanent), built up areas, and open water. 
 
The classified images were validated using ground-truthed data. The NBS cover map of 
2008 was used a reference in image classification accuracy assessment. An error matrix 
algorithm was adopted for image classification accuracy assessment in accordance to the 
procedures as suggested by Foody (2002). The final classified maps were cross-tabulated 
to examine the gains and losses of land use and cover changes (Shalaby and Tateishi, 
2007). To establish the most significant drivers of land use and cover changes, three focus 
group discussions were conducted in the midstream and downstream sections of the 
catchment (Hollingshead, 1996). These gave a moderate representation of population in 
the catchment.   

1.1.3.4 Topographical and soil physio-chemical data 

Topographically, a 90m Shuttle Radar Topographic Mission (SRTM) Digital Elevation 
Model (DEM) was obtained (http://srtm.csi.cgiar.org/) and utilized to derive information 
about the morphology of the catchment land surface (Jenson, 1991; Antonić et al., 2001). 
The DEM was pre-processed using the fill the sinks (Planchon and Darboux, 2001) 
procedure of rounding of elevations to the nearest integer value in a GIS environment 
(Tarboton et al., 1991; Kenny et al., 2008). The study acquired and extracted the soil map 
for the area of study using the FAO soil map of Africa (FAO, 2002). However, the soil 
map was refined to a more detailed and moderate scale prior to its incorporation into the 
SHETRAN hydrological model. The defined soil classes and parent material types were 
further reclassified using a more comprehensive and high resolution soil maps for both 
Uganda and Kenya. 
  



The study laid out field plots (50 x 50m) that were measured 100m away from the river 
channel where soil composites were randomly sampled from the representative land use 
and cover types (agriculture, tropical forest, regenerating forest, bushlands, tree 
plantation, and wetland). The sampling was carried out at two soil depths, i.e. 0-15cm and 
15-30cm. The collected soil samples were analysed for physio-chemical properties in the 
laboratory following Okalebo et al. (2002) laboratory methods for soil analysis. A series 
of double ring soil infiltration experiments were conducted from the representative land 
use and cover types. This approach was adopted because water infiltration is an important 
component of catchment water balance. The double ring technique was chosen because it 
minimized the slacking effect and the effect of lateral water flow (Achouri and Gifford, 
1984; Bamutaze, 2010). 

1.1.3.5 Calibration and validation 

The rainfall, discharge and evapotranspiration datasets were separated into two time 
periods between 1995-1998 and 2009-2012 over the catchment. The two periods were 
selected for model calibration and verification. Validation was necessary to improve the 
predictive capacity of the model. This validation period represented a combination of dry, 
average and wet years. The four year period was chosen because the physically based 
distributed models tend to be very computationally expensive and impractical for use in 
very long-term simulations (Sloan and Ewen, 1999). During calibration, the split-sample 
test was carried out to determine the goodness of fit of the model (land use and cover) 
and validation on periods with different conditions (Klemeš, 1986). Therefore the model 
was run for 8 years.  
 
The model was manually calibrated against the available discharge data. The principal 
calibration parameters were soil conductivity, the overland flow resistance coefficient and 
evapotranspiration parameters. There was no formal criterion set for the calibration 
goodness of fit, but the process aimed to improve the Nash-Sutcliffe efficiency due to the 
variations in soil types, depth and vegetation. This was intended to reproduce 
hydrological responses representative of the principle characteristics of the catchment 
especially the range of peak discharge and seasonal variations. The 1995 land use and 
cover map were utilised in the calibration period, while the 2012 land use and cover map 
in the validation period. However, the soil parameters were assumed to be constant in 
both the calibration and validation periods.  

1.1.3.6 Nash-Sutcliffe Efficiency  

The model performance during calibration was evaluated using two criteria: 
Nash-Sutcliffe Efficiency (Nash and Sutcliffe, 1970) and simulated hydrograph. 
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A value between 0.6 and 0.8 indicates that the model performs reasonably. Values 
between 0.8 and 0.9 indicate that the model performs very well and values between 0.90 
and 1.0 indicate that the model performs extremely well (Nash and Sutcliffe, 1970).  

1.1.4 Relationship between land use/cover changes and hydrological components 

A multiple regression analysis was carried out to assess the relationship between land use 
and cover changes and hydrological components (streamflow, evapotranspiration, 
rainfall) in the studied hydrological period (1995 and 2012). The multi col-linearity 
correlation was carried out to determine the relationship amongst the hydrological 
components. The analysis was carried out at a catchment scale where the independent 
variables were the land use and cover classes (i.e. Tropical forest fully stocked and 
Regeneration, Bushlands and thickets, Agriculture-non uniform, Wetlands, Built up and 
open water). The dependent variables (responses) were the hydrological components (i.e. 
streamflow, precipitation, and evapotranspiration). The relationship was defined using the 
R-squared values obtained from the multiple partial regression analysis. However, the 
municipal water abstraction data were not included in the study because of data 
inaccessibility and consistency. 
 

1.1.5 Climate Elasticity of Streamflow 

The sensitivity of the catchment to climate variability were investigated using climate 
elasticity of streamflow . This can be defined by the proportional change in streamflow Q 

divided by the proportional change in a climatic variable such precipitation P. Thus 
precipitation elasticity of streamflow is defined as: 
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The above equation was defined at the mean value of the climatic variable as: 
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Where µP and µQ are the mean values of precipitation and streamflow respectively. This 
expression is sensitive to a mathematical model structure and model calibration. The 
power law model and a linear statistical model were used to represent the relationship 
between annual streamflow (Q) and annual Precipitation (P). The precipitation elasticity 
of the power law model is given as follows 
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β  are the least square estimators of the model.  

 

The elasticity estimator of the linear statistical ηϕ γ ++= PQ is )/(, pQPQ CCP where 

PQp , is the cross correlation of Q and P, CQ and Cp are the variation coefficients. The 

model parameters are ϕ , γ being η  independent and identically distributed model 

errors with mean zero and variance ησ 2 .   



2.1 Results 

2.1.1 Quantification of the land use and cover changes  

Generally, the catchment has experienced significant changes in land use and cover 
between 1995 and 2012 period. These changes are reflected in the gains and losses of 
land covered by different land use and cover types. In 1995, bushlands and thickets and 
wetland cover types covered a relatively higher percentage of land than the other 
classified land use and cover types; whereas in the year 2012, agriculture and bushlands 
and thickets covered the largest portion of land area in the catchment (Figure 2 and Table 
1). The highest gain was experienced from the agricultural land use (crop growing) 
(36.7%) followed by tropical forest (regeneration) with 2.2%, and lastly from both 
woodland and built-up land use and cover types. The highest change in the loss of land 
was largely experienced from wetlands (24.6%) and bushlands and thickets (15.3%). 
Tropical forest (fully stocked) and open water areas later followed with 1.5% and 
0.005%, respectively (Figure 2 and Table 1). The overall image classification accuracy 
assessment was 80.4%, while user’s accuracy was 98.1% and producer’s accuracy at 
80.1%. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 2: Land use and cover changes period 1995-2012 

 

2012 1995 



Table 1: Percentage of land use and cover changes in the 1995-2012 period 

 

2.1.2 Changes in precipitation  

Generally, the catchment has experienced an increasing trend in the annual changes in the 
amount of precipitation received in the studied period. The least downward precipitation 
trend was only recorded between 1991 and 1994. The catchment experienced a prolonged 
variation of received rainfall between 1994 and 2003 period, unlike the later years 
(2005-2012) where the return peak periods were more frequent. An upward trend in the 
annual changes in rainfall received by the catchment is reflected in the positive value of 
beta estimated by the Sen’s estimator at the 95% confidence value. However, the trend in 
the annual changes in rainfall received by catchment was not significant (P>0.05) in the 
study period. In addition, the earlier years experienced prolonged annual rainfall events 
than the later years from 2005. There was also no significant difference in the mean 
annual changes in the rainfall recorded in the catchment (Table 2). The temporal variation 
and intensity in the annual rainfall changes also gave an important insight on the trend of 
streamflow in the catchment. 
 
Table 2: Sen’s slope estimate and significance of annual rainfall trend   

NS (Not significant at 0.05) 

2.1.3 Mean variation of the hydrological components  

Table 3 shows that the annual amount of rainfall and evapotranspiration rates did not 
increase in the studied period. The runoff coefficient was relatively high in 1995 because 
of the prolonged and intensive amount of rainfall received than in 2012. 

 Period   

 1995 2012  

Land use and cover types Relative area % Relative area %  

Woodland 3.0 4.8   
Tropical Forest (Fully stocked) 12.1 10.6   
Tropical Forest (Regeneration) 4.9 7.1   
Bushlands and thickets 40.9 25.6   
Agriculture (Non Uniform) 6.1 42.8   
Wetland (Permanent) 32.8 8.2  
Built-up (Areas) 0.1 0.8   
Open water (Swamp) 0.04 0.035   

 Parameters Test statistic Critical values     Result 

    (Statistical table)       

    a=0.1 a=0.05 a=0.01   

Mann-Kendall 1.359 1.645 1.96 2.576 NS 

Cusum 5 5.591 6.232 7.47 NS 

Auto Correlation 0.989 1.645 1.96 2.576 NS 
Sen’s slope estimate 
 Q B Bmin95 Bmax95  

 10.3 1391.5 1595.48 1175.52  



 
Table 3 The mean hydrological components of the Malaba River Catchment 

Period P  

(mm/day) 

Q  

(m3/s) 

Q  

(mm/day) 

ET 

(mm/day) 

C 

1995 4.65 0.6 8.14 4.08 0.13 
2012 4.72 0.5 7.37 4.20 0.11 

P is precipitation, Q is discharge, ET is evapotranspiration (P-Q), and C is the runoff 

coefficient (Q/P) 

2.1.4 Streamflow availability between 1995 and 2012 

The difference in the streamflow availability in the studied years (1995 and 2012) 
demonstrated that the catchment flow was not consistent over the catchment. The year 
1995 had a prolonged availability of streamflow than in 2012 that occurred between April 
and October. This study also notes that there was a shift in the length of streamflow 
availability from the months of April - October in 1995 to August - December in 2012. 
This finding was in-line with the difference in the streamflow availability experienced 
from March to September in the studied period (Figure 3). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 3: The availability of streamflow in the studied years (1995 and 2012) 

 

2.1.4 Seasonal distribution of streamflow availability between the calibrated and 

validation periods 

The seasonal distribution of streamflow availability showed that in the calibration period 
(1995-1998) the river experienced a high amount of monthly streamflow than in the 
validation period (2009-2012). The calibration and validation periods showed that the 
monthly discharge recorded was highest in the months of May (143 m3/s) and November 
(118 m3/s) than in February (18 m3/s) and July (37 m3/s (Figure 4). 
 



Figure 4 Seasonal distribution of streamflow between the calibration and validation 

periods 

2.3.6 Model results 

The calibration (NSE=0.78) and validation (NSE=0.81) periods showed satisfactory fits 
between measured and simulated discharge in the studied periods (1995-1998 and 
2008-2012). The model showed no systematic errors between the high and low flows 
evident in the validation period (Figure 5) unlike in the calibration period (Figure 6). The 
model results suggested that the peak and low flow conditions were largely attributed to 
changes in the area occupied by agricultural land use (crop growing) and tropical forest in 
the simulated periods that influenced surface rainfall runoff. In addition, the model results 
indicated that the catchment hydrological responses to changes in land use and cover 
were not constant from the experienced rainstorm events that occurred during the studied 
periods. The overland flow coefficient for the calibration period was 0.02 m⅓s-1, while 
0.06 m⅓s-1 for the validation period (Figure 6 and 5). The coefficient ranges between 
calibration and validation periods demonstrated a characteristic of sandy loam soils that 
cover a large portion of land in the catchment.  
 
 
 
 
 
 
 
 
 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 6: Calibration period 1995-1998 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 5: Validation period 2008-2012 



2.3.7 Relationship between hydrological components and land use and cover changes 

Table 7.5 below shows, the results from multiple regression analysis that indicated that, 
the woodlands, tropical forest regeneration, agriculture and built-up areas had the highest 
influence on the hydrological components (streamflow, evapotranspiration, rainfall) in the 
studied period (1995-2012). However, the agricultural land use (crop growing) influenced 
the hydrological components more than other land use and cover types. This was because 
of its large land coverage extent in the catchment. The least influential land use and cover 
were open water and wetland on the hydrological components. The R-squared are listed 
with the direction of influence (negative or positive) in the studied period 1995-2012 
(Table 4).  

 

Table 4 Summary of multiple regression of land use and cover type (predictors) with each 

hydrological component response.  

 
Key: W=Woodland; TFF= Tropical Forest (Fully stocked); TFR= Tropical Forest 
(Regeneration); BT= Bushlands and thickets; AN= Agriculture (Non Uniform); W= 
Wetland; BA= Built up areas; OP= Open water. 

 

 

2.1.6 Climate Elasticity of Streamflow 

 

Table 5: Statistics and precipitation elasticity of streamflow between 1992 to 2011 

 

River µQ (mm) µP (mm) CQ Cp PQ,P p1ε  p2ε  

Malaba 196.4 1879.4  0.001 0.005 0.011 0.9438 0.9372 

 

The results from the power law model and the linear statistical model estimated for the 
sub basins are closely related and this meant that the changes in precipitation were also 
reflected in the changes in streamflow. 

3.1 Discussion  

The recorded amount of streamflow was higher and prolonged in 1995 than in 2012. The 
longer periods of streamflow availability in 1995 were in relation with the recorded 
prolonged and intensive flood peaks than in 2012, which were contrary but more 
frequent. This finding demonstrates that there are stronger links between the overall 
streamflow, and rainfall availability (Johnson and Odada, 1996). There is also a shift in 
the length of streamflow availability from the months of April - October in 1995 to 
August - December in 2012. This change in the pattern of streamflow availability from 

  Predictors 

Responses W TFF TFR BT AN W BA OP 
R2 

Streamflow + - + - + - + - 
0.990 

PET + - + - + - + - 0.998 

Rainfall  + - + - + - + - 
0.999 



the first quarter to the last quarter of the year coincides with the findings of Kagawa 
(2009) who also noted a probable change in the rainfall pattern in Uganda. It is important 
to note that the East African shorter rains (October–December) have a positive correlation 
with El Niño–Southern Oscillation (Mutai and Ward, 2000).  
 
The simulation results indicated that the hydrological distinction was more sensitive to 
land use and cover changes. The calibration (NSE=0.78) and validation (NSE=0.81) 
model results showed satisfactory fits between measured and simulated discharge in the 
studied period (1995-1998 and 2008-2012). The satisfactory fits demonstrated the 
potential of the SHETRAN model in examining the effect of land use and cover changes 
on the streamflow variations assessment in the tropical regions. The increase in the model 
efficiency was attributed to the increase in the amount of rainfall received in the 
validation period. This study tallies with the findings of Indeje et al., (2000) who revealed 
that the El Nino (ENSO) explains about 50 percent of the East African rainfall variance 
with other factors explaining the remaining variance.  
 
The conversion of natural land cover to create more land for agriculture and settlement 
purposes caused a more profound effect on the canopy storage, subsurface, channel and 
land surface storage, and soil evaporation resulting into streamflow differences as per the 
model output. Evans (1996) also found out that the present land use and cover changes 
have more significant effects on the streamflow. The present increase in the streamflow 
could be attributed to the increase in surface flow during the rainy seasons, which is 
related to reduced infiltration after the conversion of land cover to other land use options 
(Lindenschmidt et al., 1998; Marcos et al., 2003) in the catchment. 
 
The effects of land use and cover changes had more impact on the variations of 
streamflow than evapotranspiration and rainfall in the studied period. This is explained by 
the present sparse and small patches of land cover that do not siginficant influences on 
evapotranspiration and rainfall to a large extent (Nien-Ming et al., 2009). This study is 
also in line with the results of many scholars who argued that the integration of land use 
and cover changes into hydrological models have largely resulted into increasing 
streamflow (Hua et al., 2008; Hurkmans et al., 2009; Schilling et al., 2010; Nutchanart 
and Wisuwat, 2011). 
 
The highest change in the gain of land was mainly experienced from the agricultural land 
use (crop growing) and tropical forest (regeneration); while, the highest change in the loss 
of land was largely experienced from wetlands, and bushlands and thickets.. The findings 
of this study tally with those obtained by Place and Otsuka (2000); Otieno and Buyinza 
(2010) who observed that population pressure, customary tenure system, illegal human 
activities such as charcoal burning, wood fuel collection and farming activities are largely 
responsible for forest cover clearing in the region where Malaba River catchment is 
situated. Delve and Ramisch (2006) also found out that in Eastern Uganda on average, 
rural households derive nearly three-quarters of their income from crop farming and 
therefore smallholders dominate the agricultural sector with over 90 percent of crop 
production being produced on farms averaging less than 2 hectares. Walsh et al., (2001) 
also noted that the conversion of land cover is a major driving force behind land 



degradation in the Malaba River Catchment thus has caused significant effects on the 
hydrological cycle. 
 
The prolonged increase in the streamflow of the Malaba River in the last quarter of the 
year is similar to the results of other hydrological studies carried out in the region. For 
example, because of changes in land use and cover, the hydrology of the Mara River also 
changed, with sharp increases in flood peak flows by 7 percent, and an earlier occurrence 
of these peaks by 4 days between 1973 and 2000 (Mati et al., 2008). This was attributed 
to severity of flood events. Generally, the coverage of woodlands, tropical forest 
regeneration, agriculture and built-up areas had the highest influence on the variation of 
hydrological components in the studied period (1995-2012). However, the agricultural 
land use (crop growing) had the highest influence on the components (streamflow, 
evapotranspiration and rainfall) than the other land use and cover types. Meanwhile, the 
least influential land use and cover on the hydrological components during the studied 
period was open water. 
 

4.0 Conclusion 

The catchment experienced a shift in the length of streamflow availability from the 
months of April - October in 1995 to August - December in 2012. The high frequency of 
flood re-occurences and growth in agricultural land use were the major contributors of 
streamflow in the catchment. The depletion of natural land cover to create more land for 
agriculture and settlement purposes caused more profound impacts on the canopy storage, 
subsurface flow, channel and land surface storage, and soil evaporation resulting in 
streamflow differences as per the model results.  
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