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SAMMANFATTNING  

Markanvändningen och har förändrats under de senaste 30 åren i Etiopien särskilt i de höglänta områdena 
av landet. Detta har ändrat avrinningen och hydrologiska processer. Mark- och vattenresurserna är kraftigt 
påverkade genom snabb befolkningsökning, avskogning, erosion och sedimenttransport. Huvudsyftet med 
den här studien är att utvärdera den påverkan som markanvändingsförändringarna har på hydrologin i 
Beles avrinningsområde i Etiopien. Den fysikaliskt baserade modellen, SWAT, anpassades till att beskriva 
avrinningsområdet genom kombination av geografiskt fördelade data med klimatdata. ArcGIS har använts 
för bearbeta rumsliga data som omfattad en digital höjddatabas med 90 m upplösning, markanvänding och 
jordartfördelningar. Luckor med avsaknad av nederbördsdata har ersatts genom enkel 
interpolationsteknik. GIS-version av SWAT modellen (ArcSWAT) kan använda ArcGIS för att skapa både 
in- och utdata till modellen. Programvaran Idrisi Andes användes tillsammans med ARCGIS 9.2 för att 
skapa en markanvändingskarta från LandSat som representerade 3 olika år. Tre olika 
markanvändningskartor återskapades som olika representationen av SWAT modellen. Modellvarianterna 
utvärderades genom känslighetsanalys, kalibrering och validering för att kunna realistiskt kunna beskriva 
olika delar av området. Av 26 parametrar visade 16 en stor inverkan på resultaten. De 10 parameterar som 
hade störst inverkan valdes kalibrering. Kalibreringen använde data för två hela år 2001 och 2002 och 
modellen testades sedan på två andra år 2003 och 2004.  Bästa förklaringsgraden genom R2 värdet blev 
0.74 och Nash-Sutcliffes modelleringseffektivitetsindex (NSE) blev 0.62 vilket indikerade en rimligt bra 
noggranhet för modellen. En ackumulation av vattenflödet visade skillnader mellan modell och mätning 
som förändrades från kalibreringsperiod till valideringsperiod. Årsavrinningen i mätningen överskred den 
simulerade avrinningen under kalibreringsperioden, till mostsats för valideringsperioden då de simulerade 
värden överskred mätningarna. Beroende på vilken markanvändingskarta som användes visade 
simuleringarna stor effekt på avrinningen under hela perioden. 
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ABSTRACT 

Land use/cover has shown significant changes during the past three decades in Ethiopia especially in the 
highlands of the country. That resulted in changes in streamflows and other hydrological processes. The 
existing land and water resources system of the area is adversely affected due the rapid growth of 
population, deforestation, surface erosion and sediment transport. The main objective of this study is to 
evaluate the impact of land use/cover changes in the hydrology of Beles Basin, Ethiopia. The physically 
based hydrologic model, SWAT, was developed for the Beles basin, Ethiopia by combining geospatial and 
climatic data. ArcGIS has been used to process geospatial data which includes the Digital Elevation Model 
(DEM) which has a resolution of 90 m, land use/cover and soil maps. A simple Interpolation technique 
has been used to fill in the missing precipitation data. The GIS interface version of SWAT (ArcSWAT) 
has the capability to utilize ArcGIS to facilitate input data preparation and output data generation. Idrisi 
Andes in cooperation with ArcGIS 9.2 used to generate landuse/cover maps from Landsat data of three 
different years. Three SWAT models were set up using the three generated land use/cover maps and used 
to evaluate the land use/cover change and its impacts on the streamflow of study basin. The primary 
hydrological model was evaluated through sensitivity analysis, model calibration, and model validation for 
realistic prediction of the different hydrological components in the basin. Out of twenty six flow 
parameters sixteen parameters were found to be sensitive. But the most sensitive ten parameters were 
selected and used for model calibration. The model calibration was carried out using observed streamflow 
data from 01 January 2001 to 31 December 2002 and a validation period from 01 January 2003 to 31 
December 2004. The coefficient of determinations (R2) was 0.74 and the Nash-Sutcliffe simulation 
efficiency (NSE) was 0.62which indicated that the model was able to predict streamflow with reasonable 
accuracy. However, the hydrograph of the cumulative hydrographs of the calibration and validation 
periods showed significant discrepancies between the observed and the simulated data of each period.  
The average yearly flow volume of the observed streamflow on the cumulative hydrograph of the 
calibration period has exceeded the simulated streamflow. On the other hand on the cumulative 
hydrograph of the validation period the average yearly flow volume of the simulated streamflow was 
higher than the observed streamflow. The simulated result of the streamflow data from different land 
use/cover maps revealed that the change in the land use/cover classes of the basin throughout the study 
periods. 

Key words: Beles Basin; hydrological modeling; land use/cover; streamflow

                                                                                   

1. Introduction 

Water is an essential element for life. The 
demand of water resource potential is growing 
fast.  This increasing in demand for water 
resource potential needs a sustainable 
management of water catchments and better 
understanding of water budget and movement. 
To keep life sustainable water should be kept 
sustainable. To keep water sustainability effective 
methods and mechanisms should be used. In a 
current situation no way better than using 
hydrological models to represent the 
characteristics of hydrological regime. The study 
has been conducted on an area called Beles which 
is located northeast part of Ethiopia. In the area 
there are water bodies that have enormous 
potential to provide the country‟s hydro power 
generation. Among other small and big streams, 
the Beles River is one of the outstanding streams 
of the area. It is the major tributary of upper 

Blue Nile. The topographic height and the high 
surface runoff of the area are favorable 
conditions and provide high potential resource 
for hydropower development and irrigation. To 
bring this potential under use, it is important to 
assess the amount of water converted to runoff 
to estimate the volume of water stored in dams 
(Vijverberg et. al 2009). There are number 
manmade and natural factors which can increase 
the vulnerability of the water resource of the 
area in several ways. Therefore, assessing the 
incoming water and outgoing water inside and 
outside the basin using hydrological model was 
necessary to decrease the vulnerability and 
increase the sustainability of water resources of 
the area.  

Nowadays it is not uncommon to observe an 
increasing vulnerability of global water resource 
to manmade and natural phenomena. Including 
many other factors climate change and 
population growth increase rapidly the 
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vulnerability of the global water resource. The 
demand of technologies that help to develop a 
sustainable water system and the study of 
changes of hydrological process using various 
types of models have also been growing fast for 
past few decades. A number of researches and 
studies have been made to deal with global water 
related issues. However the problems still exist.  

Beles basin is one of many basins in Ethiopia 
which are known having active stream networks 
and high potential water resources. Until recently 
the country has not properly utilized the existing 
water resource due to lack of research and 
sophisticated technology.  

The impact of land use change on the water 
resources of the area is a series challenge. 
Improper land use/cover practice and 
management has increased the vulnerability of 
the water resource of the area. It is well known 
that land use/cover change has an impact on 
changing climatic variables, such as temperature, 
precipitation and evapotranspiration of an area. 
A change in these variables has a direct impact 
on a hydrological cycle and water balance 
components of the area. However, the precise 
quantitative understanding on how the coupling 
is working between climate, land use and 
hydrology is still lacking (Overgaard et. al 2005). 

In general, the study basin is inside the area 
which is one of the future development areas of 
the country.  The previous studies conducted on 
the area have indicated that specific patterns of 
land use change over the past decades. 
Formation surface water bodies, deforestation 
and the conversion from grazing into farm land 
are some of the changes that have been taken 
place in the area. There is a sensitivity of water 
resources system to land use variation. Therefore 
studying the impact of the land use change on 
the water resources and other hydrological 
properties of the basin was necessary to assess 
future climate and land use/cover change impact 
on streamflow. It was also necessary to reduce 
the unwanted effects of future land use/cover 
change or modification. 

In the area various methods and techniques were 
used in the past to model and assess the existing 
water resource. A few of these methods and 
techniques have used spatially distributed 
hydrological models. Recently some studies have 
been made using this kind of hydrological 
models. Setegn et al (2008) used The SWAT2005 
model to the Lake Tana Basin for modeling of 
the hydrological water balance. The main 
objective of the study was to test the 

performance and feasibility of the SWAT model 
for prediction of streamflow in the Lake Tana 
Basin. There have also been other attempts to 
use other type spatially distributed hydrological 
models. WaterWatch (2001) has used remote 
sensing technology to model the water balance 
of the study basin and including adjacent areas. 
In the project, the yearly variability in 
evapotranspiration, rainfall and soil moisture 
content have been mapped. 

In this project the SWAT2005 was used to 
generate a basin wide decision model that can be 
used in water resource management decision 
making. GIS and image processing of remotely 
sensed data were integrated with to assess the 
land use/cover change.  

SWAT (Soil and Water Assessment Tool) is 
spatially distributed physically based model. The 
physically based distributed watershed models 
have higher accuracy in analyzing the impact of 
land management practices on water, sediment, 
and agricultural chemical yields in large complex 
watersheds.  Adapting this kind of model can 
help to achieve more accurate and reliable 
prediction of streamflow and achieve good 
representations of the hydrologic processes 
occurring in the system. It is also one of the 
suitable watershed models for long-term impact 
analysis.  Nowadays the model  is widely  used in 
many parts of United States and Europe  and 
other parts of the world (Bingner 1996, Peterson 
and Hamlett 1998; Srinivasan et al. 1998; Arnold 
et al. 1998; Neitsch et al. 2001; Benaman et al. 
(2005).   

1.1 Objective  

The main objective of the study was to identify 
the SWAT‟s hydrologic sensitive parameters 
relative to the estimation of streamflow, and to 
calibrate and validate the model for streamflow 
of Beles basin. The study mainly focused on 
analyzing the sensitivity of the SWAT model to 
selected streamflow parameters to improve 
model parameterization and calibration that are 
necessary for a more efficient model 
implementation as a tool to predict hydrological 
process and to assess water quantity. An 
additional objective was to use the calibrated 
water model to assess the land use/cover change 
impact on the streamflow.  

2. Literature review  

Hydrologic systems are complex.  The processes 
in the system occur over various geographic 
areas with various circumstances. Therefore they 

http://linkinghub.elsevier.com/retrieve/pii/002216949390065H
http://linkinghub.elsevier.com/retrieve/pii/002216949390065H
http://linkinghub.elsevier.com/retrieve/pii/002216949390065H
http://linkinghub.elsevier.com/retrieve/pii/002216949390065H
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are characterized by highly variable parameters. 
Numerous types of numerical models are used 
for simulating such processes. In a numerical 
modeling the relationship between input and 
output variables is always described by 
regression equations. In recent years besides 
these types of models, using other types of 
physically based models in water research has 
been increased. One of many advantage of 
physically based models is they have 
representations of the major components of the 
real system. 

Some of these types of physically based models 
possess interfaces that enable to use GIS-based 
data. SWAT 2005 has such capability and 
strength. Neitsch et al (2002) stated that the 
SWAT model was developed for application to 
large, complex watersheds over long periods of 
time.  Furthermore it is a flexible framework that 
allows a simulation of a wide variety of 
conservation practices and other best 
management practices  such as fertilizer and 
manure application rate and timing, cover crops, 
filter strips, conservation tillage, irrigation 
management, flood prevention structures, 
grassed waterways, and wetlands (Gassman et al., 
2007).  The SWAT model has been gained 
international acceptance as a robust 
interdisciplinary watershed modeling tool 
(Gassman et al., 2007). 

In the study area, there were attempts to use 
various types of hydrological models to deal with 
water related problems.  Until quite recently, 
these kinds of attempts have been at early stages 
and a few of them have been carried out in high 

level techniques. There are lots of works more to 
do in this area. On the other hand there are few 
studies that have used physically based 
conceptual hydrological modeling (including 
SWAT model) to model hydrological process of 
the area. Even though there were mainly other 
types methods used to model such process, there 
were still some similar studies that have been 
conducted in adjacent areas. Gieske et al (2008) 
tried to investigate the possibility of using a 
novel array of Earth Observation sensors to the 
determination of lake evaporation on Lake Tana. 
A simple hydrological modeling for watersheds 
in varying locales at daily and weekly time scales 
was developed by Collick et.al(2008) to gain 
insight into the hydrologic conditions of the 
larger Nile River basin with intending to use the 
model as a tool for planning watershed 
management and conservation activities. They 
used the water balance model based on the 
Thornthwaite and Mather procedure that uses 
rainfall and evaporation as major inputs, 
available water storage and contributing area as 
partitioning factors within the watershed. In the 
same area another study has been carried out by 
Kim et.al (2008) to assess the climate change 
impacts on both hydrologic regimes and water 
resources. The study, using General Circulation 
Models (GCM), showed that future warming 
across Africa with ranges from 2oC to 5oC by 
2100. Based on their work on HBV model and 
the result they obtained, they suggested that the 
model is good and efficient for modeling runoff 
the area.  On their conclusion they added that 
the effects of climate change, the variability of 
runoff and the impacts of potential future 

Figure 1 The study basin is located in Amhara region, North West of Ethiopia. 
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hydropower dam operations at the upstream 
parts of the Nile Basin. Their result  was 
summed up  (1) climate would be wetter and 
warmer in the 2050s; (2) flow regimes would be 
enhanced, especially for low flows; and (3) the 
proposed dam operations would not affect the 
water availability to downstream countries. 
D.Conway (1997) has presented the 
development and validation of a water balance 
model of the Upper Blue Nile in Ethiopia. The 
study has been conducted using a combination 
of the Thornthwaite water balance approach 
(Thornthwaite & Mather, 1957) and the large 
scale hydrological modeling approach used for 
the Amazon Vörösmarty et al (1989) and 

Zambezi rivers by  (Vörösmarty et al., 199) . The 
result has showed that it is possible to develop 
and apply a simple hydrological model for the 
Upper Blue Nile that requires limited data inputs 
and runs on a monthly time step.   

3. Description of the study area  

The Beles basin is situated on the Plateau of the 
north-western highlands of Ethiopia near to the 
Lake Tana in a geographic location between 

from 10
o 
56‟ to 12

o 
N latitude and 35

o
12‟ to 37

o
E 

longitude (Fig. 1). The total area of the basin is 

about 13,959 Km
2
. The topography of the area is 

mostly flat with altitudes between 534 m and 

Figure 2 Hydrological gauging stations, river and streams in the Tana and Beles Basins. 
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2705 m above sea level. The Beles basin is one of 
the most important basins in Ethiopia.  It is one 
of the major sub-basins of upper Blue Nile 
basin. It is believed that the major basins of the 
area have been formed by volcanic activity of 
which has been occurred in the early Pleistocene 
times about five million years ago (Mohr, 1962). 

The area has a variable annual rainfall both in 
intensity and time. It is more likely a stochastic 
nature of rainfall. The recorded mean annual 
rainfall ranges from 700 mm to 1800 mm and 
annual average daily minimum and maximum 
temperature ranges between 16co and 33co. 
Annual potential evapotranspiration is about 
1500 mm. There are different types of vegetative 
covers in the area. The major crops grown in the 
basin are wheat, barley, teff, sorghum, millet and 
different types of pulses. The area has high 
altitude.  Studies showed that the precipitation 
increase and temperature drop with increasing 
altitude cause an increase in the runoff. On the 
other hand the high temperature and the 
vegetative cover type of the area could result 
high evapotranspiration. The basin is 
characterized by typical valley surrounded by 
high mountain ranges, hills with or without 
vegetation cover. It has also typical flat landform 
with alluvial soil. 

The previous studies of the area showed that the 
basin has a substantial potential for irrigated and 
hydropower development. According to the 
information from Euroconsult Mott 
MacDonald, the total estimated irrigable area in 
the basin is about 260,000 ha. It represents some 

50% of the total irrigable area in the Abbay 
basin.  The area is suitable for growing industrial 
crops that have considerable export potential. 
There is also a possibility of groundwater 
availability in the area (World Bank 2007).  There 
is a huge potential of hydropower installations in 
the area. Some hydropower installations are 
currently under development. The total 
population living around the Lake Tana and the 
surrounding catchment including the town of 
Bahir Dar is estimated about two million 
(Vijverberg et al., 2009).Their economy mainly 
depends on agriculture and cattle breeding 
activities. The Blue Nile which provides the 
greater part (about 60%) of the flow of the main 
Nile passes through the basin. There are a 
number of gauging station in the main study and 
adjacent areas (Fig. 2).  Two river gauging 
stations are situated inside the basin‟s sub-
catchments are called Main Beles and Gilgel Beles 

which have an area of 3474 km
2
 and 675 km

2 

respectively. The measured streamflow data 
from Main Beles stations, whose geographical 
coordinate is: latitude 11°15'0" N and longitude 
36°27'0" E was used for the hydrological 
modeling purpose. 

3.1 Data description  

Here are the data used in the project and their 
sources: 

 DEM data has a resolution of 90 m taken 
from free on line source of The Shuttle 
Radar Topography Mission (SRTM). 

 The Soil map which consists of three soil 
classes was obtained from The Soil and 
Terrain Database for northeastern Africa 
(FAO, 1998). 

 Daily weather data ranged 10-20 years (1985 
to 2005) and which consists of daily 
precipitation, maximum and minimum 
temperature and the geographical coordinates 
of the locations of five weather stations 
(Beles, Chagni, Dangila, Birr Sheleko and Zege) 
where the weather data have been measured 
at were obtained from National Metrology 
Agency of Ethiopia. 

 Daily discharge data (1985-2005) of Main 
Beles gauge station obtained from The 
Ministry of Water Resources of Ethiopia. 

 Land use/cover map of the study area 
obtained from Ethiopian Mapping Agency. 

 Landsat TM and ETM+ Satellite images of 
the study basin obtained from US Geological 
Survey (USGS) 

Figure 3 Digital elevation model of study 

basin.  
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 Topographic map of study area, Setegn 
(2009) 

4.  METHODS  

4.1 SWAT Description 

In the study, for the watershed analysis, a 
physically and spatially distributed modeling tool 
called ArcSWAT2005 was used. It is a 
conceptual model, an ArcGIS-ArcView 
extension and a graphical user input interface for 
the SWAT which is a river basin, or watershed, 
scale model developed by Dr. Jeff Arnold for 

the USDA Agricultural Research Service (ARS).  
It is a watershed scale, continuous-time model 
that processes on a daily time step. SWAT is 
designated to predict the impact of management 
on water sediment, nutrient and pesticide yields 
in ungauged watersheds (Arnold et al., 1994). It 
is physically based model and uses readily 
available inputs. It is an efficient tool for 
handling large amount of information in 
databases and computing. It can be used to 
predict and assess long term impacts on the 
hydrology of a watershed. It helps for simulating 

Figure 4 The Delineated study subbasins (blue lines). 
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a high level of spatial detail by partitioning larger 
watersheds into smaller subwatersheds.  

The major model components of SWAT are 
weather, hydrology, soil temperature, plant 
growth, nutrients, pesticides, and land 
management. One of the many advantages of 
SWAT is that it can be used to model 
watersheds with less monitoring data.  It can also 
be used to assess predictive scenarios using 
alternative input data such as climate, land-use 
practices, and land cover on water movement, 
nutrient cycling, water quality, and other outputs. 

For simulation SWAT needs basic input digital 
data of topography, land use/cover, soil 
properties and the weather and land 
management of a study area. They are used as an 
input for analysis of hydrological simulation of 
evapotranspiration, runoff and ground water 
recharge. To enable to deal with type of soils and 

soil properties without difficulty, SWAT divides 
the soil profile into multiple layers.  

SWAT simulates the hydrologic cycle based on 
the water balance equation: 

0

1

( )day surf a seept w

t

i

qR Q E WSW SW Q

                                                                      (1) 

Where:  

 SWt is the final soil water content (mm)  

 SW0 is the initial soil water content on 
day i (mm H2O)  

 t is the time (days) 

 Rday is the amount of precipitation on day 
i (mm H2O)  

 Qsurf is the amount of surface runoff on 
day i (mm)  

Figure 5 Reclassified land use/cover map of the study basin. 
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 Ea is the amount of evapotranspiration 
on day i (mm H2O)  

 Wseep is the amount of water entering the 
vadose zone from the soil profile on day 
i (mm H2O) and Qqw is the amount of 
return flow on day i (mm H2O)  

For estimating runoff volume, one of two 
methods either the Soil Conservation Service 
(SCS) curve number procedure USDA Soil 
Conservation Service (USDA-SCS, 1972) or 
Green & Ampt infiltration method (Green and 
Ampt, 1911) can be used.  The SCS curve 
number method is computationally efficient and 
widely used method.  It can effectively determine 
the approximate amount of direct runoff from a 
rainfall event in a particular area. It varies non-
linearly with the moisture content of the soil. 
Soil-water processes include infiltration, 
percolation, evaporation, plant uptake, and 
lateral flow.  Percolation component can be 
modeled with a layered storage routing 
technique combined with a crack flow model. 
One of existing three methods, namely 
Hargreaves, Priestly-Taylor or Penman-Monteith 
can be used to calculate Potential evaporation 
(PET) (Arnold et al., 1998). Plant water 
evaporation is simulated as a linear function of 
potential ET, leaf area index and rooting depth, 
and can be limited by soil water content. Actual 
evapotranspiration (ET) is evaluated as sum of 
actual evaporation from soil and plants. Actual 
soil evaporation is estimated by using 
exponential functions of soil depth and water 
content.  

The general equation for the SCS curve number 
method is expressed by equation (2) 

–

–
                          (2)                                                                                                         

Where:  

 Qsurf is the accumulated runoff or rainfall 
excess (mm H2O)  

 Rday is the rainfall depth for the day (mm 
H2O) 

 S is the retention parameter (mm H2O)  

The retention parameter depends on the 
combination of soil and land use/cover 
properties and is expressed by equation (3).  

                            (3) 

The magnitude of the CN is a function of the 
hydrologic condition of each source area. It is a 

function of the soil‟s permeability, terrain cover 
and antecedent soil water conditions. SCS 
defines three antecedent moisture conditions 
(AMC): I) dry (wilting point), II) average 
moisture, and III) wet (field capacity).   

The first type of antecedent moisture condition 
results the lowest value curve number in which 
the daily curve number represents in dry 
conditions. The curve numbers of the other 2 
moisture conditions can be calculated using 
equation (4) and (5). 

 

                                                                                      

                                                                  

                                                                    (4) 

                                      

                                        

                                                                 (5) 

Where:  

 CN1 is the moisture condition 1 curve 
number  

 CN2 is the moisture condition 2 curve 
numbers 

 CN3 is the moisture condition 3 curve 
number  

Curve numbers 2 for antecedent moisture 
condition (AMC) II are for hydrologic soil group 
for land cover types an area. They can be given 
or assumed for an analysis based land cover and 
soil type of an area. For dry conditions (AMC I) 
or wet conditions (AMC III), equivalent curve 
numbers (CN1&2) can be computed (Viessman, 
Lewis and Knapp 1989). 

The appropriateness of curve numbers of a 
certain area depends up on the steepness of the 
area. Therefore an equation (equation 6) 
developed by Williams (1995) can be used to 
adjust the curve number for higher slopes.  

                                                                  

Where: 

 CN2S is the moisture condition 2 curve 
number adjusted for slope  

 CN3 is the moisture condition 3 curve 
number for the default 5% slope 

 CN2 is the moisture condition 2 curve 
number for the default 5% slope 

 slp is the average percent slope of the 
subbasin 

 

                                                                               (6) 
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In SWAT a watershed is subdivided into 
subbasins based on the number of tributaries. 
The sizes of watersheds and number subbasins 
in the watershed vary from place to place. The 
sizes of subbasins also vary based on the nature 
of the topographic and the stream net work 
system of an area. The subbasins of the 
watershed are divided into multiple Hydrologic 
Response Units (HRUs). The HRUs represent 
areas with homogeneous land use/cover, 
management, and soil characteristics. However 
they have no discrete spatial representation in 
SWAT simulation. The HRU in SWAT are 
spatially implicit, their exact position on the 
surface cannot be identified, and the same HRU 
may cover different locations in a subbasin 
(Neitsch et al., 2002; Di Luzio et al., 2005).  

The water balance of each HRU in the 
watershed is represented by four storage 
volumes: snow, soil profile (0-2 meters), shallow 
aquifer (typically 2-20 meters), and deep aquifer 
(more than 20 meters) (David et al., 2007). Each 
HRU in a subwatershed is liable for flow 
sediment, nutrient, and pesticide loadings that 
are routed through channels, ponds, and/or 
reservoirs to the watershed outlet. Detailed 
descriptions of the model and model 
components can be found in Arnold et al., 
(1998) and (Neitsch et al., 2002). 

The main part of SWAT analysis can be 
performed in ArcSWAT 2005 interface. 
Geographical Information System (GIS) is used 
as an auxiliary and a preprocessor to the SWAT 
modeling process.  ArcMap interface of ArcGIS 
9.2 can be used for managing and processing  

Figure 6  Reclassified soil map of the study basin. 
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spatial data which were used as SWAT input 
data in a project. Spatial data including digital 
elevation model (DEM), thematic map layers of 
land use/cover and soil data are necessary data 
to perform hydrological water balance analysis of 
a basin in SWAT. The DEM is used to gain the 
topographical characteristics of an area which 
are required by SWAT modeling and has direct 
impact on hydrological cycle. The land 
use/cover map is used to categorize vegetation 
types that have impact on the hydrological 
process of the area. The soil map is used to 
identify physical and chemical characteristics of 
various soils that have major role in the 
hydrological process of an area.  Whereas 
weather data can be entered in SWAT interface 
following the reclassification of land use/cover 
and soil data. It is important for calculating the 
water balance components in each HRU in the 
watershed. Further details can be found in the 
upcoming paragraphs. 

4.2 Data processing  

The land use/cover and soil map layers provided 
spatial information of the study area for the 
watershed-modeling program. Both maps were 
provided by extracting large dataset obtained 
from The Ministry of Water Development of 
Ethiopia after importing them into ArcGIS 
interface.  Similar attribute classes of the two 
extracted maps that had different names either 
because of spatial variability or have no distinct 
difference in terms hydrological prospect had 
been reclassified and renamed before they have 
been used for further task. By doing this the 
same classes have been assigned in the same 
name and the comparable classes have also been 
combined in to one name.  To let  all the layers 
be geometrically aligned and fit to the study area, 
they were geo-referenced to the corresponding 
coordinate projection of the study area which is 

North African spatial reference called 
Adindam_UTM_Zone_37N.   

As far as weather data is concerned, even though 
it was a long time-series data, it had several gaps 
of missing data values.  To overcome such 
problem a technique that can help filling the 
missing data values was used (section 4.3). 

4.3 Estimation of Missing Precipitation Data  

While working with hydrological models, it is 
common to encounter missing weather data 
values from observed records for so many 
reasons.  It is very essential to fill in the missing 
data when a hydrological basin analysis needs a 
continuous data.  There are a number 
deterministic and stochastic weighting methods 
used for infilling missing rainfall data values, 
some of them are:  weighted average method, 
Isohyetal method, station year method and 
weighted distance method. There are several 
other types of methods, including inverse 
distance, Simple arithmetic averaging and normal 
ratio methods. These are mainly related to spatial 
interpolations techniques. The rest are model 
based methods used to fill missing data. 
WXGEN is a stochastic model (Sharpley and 
Williams 1990). It was developed for the 
contiguous US, is used in SWAT to fill missing 
data using monthly statistics which is calculated 
from existing daily data. The monthly statistics 
are calculated, however, based on long series of 
daily data and an integrated first-order Markov 
chain technique is involved in a wet or dry day 
decision. The model put the wet or dry status of 
the previous day under consideration (J. 

Schuol∗, K.C. Abbaspourv et.al 2006). In case of 
wet day generation a skewed normal distribution 
with three parameters (Nicks, 1974) or a one-
parameter exponential distribution used to 

generate precipitation of a day (J. Schuol∗, K.C. 
Abbaspourv et.al 2006). 

The daily weather generator algorithm (dGen) is 
used to fill missing rainfall, and maximum and 
minimum temperature. The data from the 
Climatic Research Unit (CRU) is required to use 
this kind of weather generator. CRU provides 

complete monthly global data at 0.5
o

 climate 
grids for the time-period 1901-1995. The CRU 
contains a list of several dataset lists including 
monthly values of precipitation, minimum, 
maximum temperature and the number of wet 
days per month (Mitchell et al., 2004). To use 
the dGen in SWAT interface, the above 
mentioned climate grids are overlaid on a 
subbasin layer generated in the interface. Then 

Table 1 The land use/cover map 

has the following land use/cover 

classes. 
 

 SWAT Lnad use Classes Area (Km
2
) Area (%) 

  31.6 Cultivation 4414 

Wood land  5010 35.9 

Bush land  1981 14.2 

Rock land  10 0.07 

Urban  2 0.02 

Grass land  921 6.60 

Bambo  1620 11.60 

Total 13959 

 

http://www.shvoong.com/tags/methods/
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aggregating the values of the grids to the basin 
layer provides one value per month for each 
subbasin inside the basin (Schuol et al., 2007). 
Overlying and aggregating can be carried out 
using in ArcGIS interface. Then the 
computation of the area weighted average is 
assigned to each subbasin centroid. Schuol and 
Abbaspour et.al (2006) and Schuol and 
Abbaspour (2007) stated that simulations using 
generated weather data have been found better 
than existing poor quality data. 

In the project Inverse Distance Interpolation 
(Eq. 7) method was used to estimate the missing 
data.  

1
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V d
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d

                                       (7)                                                                                                

Where V0 is the estimated value of the missing 
data, Vi is the value of the ith nearest weather 
station, and di is the distance between the station 
of missing data and the ith nearest weather 
station.  

The method is easy to use for fill in missing 
precipitation data (Hubbard, 1994). It is reliable 
if only the weather stations are situated inside of 
100 Km radius (Tronci et al., 1986). The data 
obtained from five weather stations namely Beles 
Zege, Dangila, Chagni and Birshelko were used to 
perform the interpolation for filling the gaps of 
the missing data.  

4.4 Delineation of the Catchment Area and 
SWAT Analysis  

As mentioned before, the watershed analysis for 
the Beles basin was performed using 
ArcSWAT2005. An imported a 90 m resolution 
DEM (Fig. 3) to ArcSWAT workspace was used 
to delineate the watershed of the study area. To 
define the working area on the DEM, manually 
drawn and edited mask was used. Based on the 
extent of the mask the DEM processing has 
taken place. The stream network and the 
subbasin outlets were defined.  Main Beles, the 
gauge station inside the basin, was manually 
added and defined as an outlet. The watershed 
was delineated into subbasins (Fig. 4). 
Subsequently, the geomorphic parameters for 
each subbasin were calculated. 

SWAT model require land use/cover and soil 
data in order to determine the area and the 
hydrologic parameters of each land use and soil 
category simulated in each sub watershed. The 
land use/cover and soil map were imported into 

the interface and reclassified (Fig. 5&6). Initially 
the land use/cover map of the area had ten 
classes. Classes which belonged to the same 
category and had close hydrological properties 
were combined into seven major classes (Table 
1). The very small classes which are far less than 
5% percent of the total area were disregarded. 
This was done using ArcMap interface. Both 
land use and soil were reclassified again in 
ArcSWAT interface. Current SWAT database 
has only values of hydrological property 
parameters of the most common type of land 
use/cover classes.  Some of the land use/cover 
classes and their parametric values did not exist 
in SWAT default data base. It was necessary to 
replace these classes with land use/cover classes 
of the SWAT database which have similar 
hydrological properties. Therefore, during 
reclassification, land use/cover classes which 
were not exist in SWAT data base substituted by 
classes which exist in SWAT data base and have 
similar hydrological properties.  

The soil map of the study area was reclassified 
according to ArcSWAT requirements. The 
number of classes and the size of the map were 
reduced. It was reclassified into the most 
representative classes of the study area (Fig. 6). 
During the reclassifying process there was a 
problem of obtaining the values of soil 
parameters that represent physical and chemical 
properties of each soil class which were used as 
SWAT input data. Food and Agriculture 
Organization of the United Nations (FAO) soil 
classification system which was supported by 
other additional method was used to determine 
soil types and properties of each soil class. Partly 
the values of the parameters of hydrological 
properties have been determined by studying 
typical textural characteristics of an existing soil 
material and estimating their values by referring 
other similar previous works. Other parametric 
values, which could not be determined by 
studying textural characteristics, were 
determined by using a daily hydrological model 
called Soil-Plant-Atmosphere–Water Field & 
Pond Hydrology (SPAW). SPAW was developed 
by USDA–Agricultural Research Services in 
cooperation with Department of Biological 
Engineering Washington State University. It is 
used for hydrological analysis of agricultural 
fields and ponds. Finally soil map that has eleven 
soil type classes was generated (Table 2). Slope 
classification was carried out based on the height 
range of the DEM used during watershed 
delineation. The slope values were reclassified in 

http://en.wikipedia.org/wiki/Food_and_Agriculture_Organization_of_the_United_Nations
http://en.wikipedia.org/wiki/Food_and_Agriculture_Organization_of_the_United_Nations
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percent. It was reclassified in two four classes 
(Table 3). 

In the next step, all the reclassified three maps 
were overlaid. This procedure helped to 
determine land use/cover /soil /slope class 
combination and distribution for the delineated 
watersheds and each respective sub-watershed. 
Then, the subbasins were divided into 
Hydrologic Response Units (HRUs) by assigning 
the threshold values of land use/cover and soil  

percentage. While assigning multiple HRUs to 
each subbasin the thresh hold level should be 
defined in which the user can specify sensitivities 
for land use/cover, soil and slope data that will 
be used to determine the number and kind of 
HRUs in each watershed. In general the thresh 
hold level used to eliminate minor land 
use/covers in subbasin, minor soil with in a land 
use/cover area and minor slope classes with in a 
soil on specific land use/cover area. Following 
minor land use/cover, soil areas and minor slope 
classes elimination, the area of remaining land 
use/covers, soils and slope classes are 
reapportioned so that 100% of their respective 
areas are modeled (SWAT2005). A 10% 
threshold value was chosen for soil and land 
use/cover for defining the number of HRUs in 
each subbasin.  

4.5 Entering Weather Data 

Daily time-series of weather data, which includes 
precipitation and maximum and minimum air 
temperature data, is required for the SWAT 
modeling. The climatic stations which were used 
in the study are called Beles, Chagni, Birr Shelko, 
Zege and Dangila. The periods of the measured 
weather data, which was obtained from National 

Metrology Agency of Ethiopia (NMA), was 
differ from station to station. The longest period 
was thirty years precipitation data for Dangila 
station. The rest ranged between ten to twenty 
years. From January 1st 1986 to December 30th 
2004 including 1 year warm up period was used 
for SWAT simulation.  To deal with the weather 
data, it should be stored in a specific tabular and 
supportive file format of ArcSWAT.  In this case 
they were stored in .DBF format which is read 
by ArcSWAT interface. The geographical 
coordinate‟s names of the weather stations of 
the study area were introduced into ArcSWAT 
database. The data has provided the most 
representative precipitation and temperature data 
available. However it is hardly found some 
metrological data such as: wind speed, solar 
energy and relative humidity in these kinds of 
stations. Even though they were less significant 
compare to the data which were obtained, they 
were generated by the model. The elevation of 
precipitation and temperature gages were 
entered. The elevation information help to 
correctly estimate the amount of rainfall and 
temperature for a given elevation band in the 
subbasin. In other words it helps to emulate 
orographic effect. 

4.6 SWAT simulation  

In the next task, the database files containing the 
information needed to generate default input for 
SWAT model were built. In SWAT, once the 
default input database files are built, the 
necessary parameters values can later be entered 
and edited manually. The HRU distribution was 
also modified whenever it was needed. The soil 
parameters values of each type of soil were 
entered. The land use/cover parameters were 
edited where it was necessary. Since the 
Penman-Monteith equation requires detailed 
climatological data which are not easily available 
especially in developing nations (Khoob 2007), 
the Hargreaves (Hargreaves et al., 2003) method 
was chosen to calculate evapotranspiration 
(ETo). Hargreaves equation can be used in the 
lack of sufficient or reliable data to solve the  

Penman Monteith equation (Allen et al., 1998). 
The equation can estimate the ETo using only 
daily mean, maximum and minimum air 
temperature, usually available at most weather 
stations worldwide and extraterrestrial radiation 
(Droogers and Allen 2002). The curve number 
for runoff and the variable storage for channel 
routing were chosen. Percolation component 
was modeled with a layered storage routing 
technique combined with a crack flow model. A 

Table 2 The soil map has contained the 

following classes. 

SWAT Soil Class Area (Km
2
) Area (%) 

Eutric Fluvisol 1381 9.90 

3.20 Chromic Luvisol 449 

Haplic Luvisol 786 5.63 

Rhodic Nitisol 552 3.96 

0.66 Eutric Vertisol 92 

Eutric Cambisol 2408 17.25 

6.39 Eutric Leptisol 892 

Haplic Nitisol 5992 42.90 

Haplic Alisol 1071 7.67 

Haplic Acrisol 327 2.34 

Eutric Regisol 8 0.05 

Total 13959 

 

http://www.google.com/search?hl=en&rlz=1R2DBSE_en-GBSE328&ei=yqnUSvm3H4LX-QbsqNCKAw&sa=X&oi=spell&resnum=0&ct=result&cd=1&ved=0CA4QBSgA&q=Penman+Monteith&spell=1
http://www.google.com/search?hl=en&rlz=1R2DBSE_en-GBSE328&ei=yqnUSvm3H4LX-QbsqNCKAw&sa=X&oi=spell&resnum=0&ct=result&cd=1&ved=0CA4QBSgA&q=Penman+Monteith&spell=1


Simulated Impact of Land Use Dynamics on Hydrology during a 20-year-period of Beles Basin in Ethiopia 

 

13 

skewed normal distribution was assumed for 
rainfall distribution. 

SWAT simulation run was carried out on the 
1986-2004 climate data. One year data was kept 
as warm up period. The warm-up period is 
important to make sure that there are no effects 
from the initial conditions in the model. The 
lengths of warm-up period differ from 
catchment to catchment. It is mainly depend on 
the objective of the study. The run output data 
imported to database and the simulation results 
were saved in different files of SWAT output. 
The file named basins.rch contains stream-flow 
and water quality parameters in streams and 
rivers. It is used for SWAT model calibration 
since most of the observations of the 
watershed‟s behavior are obtained by measuring 
these parameters. The basins.sbs file stores 
yearly outputs from HRU‟s.  

4.7 Model Performance Assessment 

Following SWAT run simulation a model 
performance assessment was carried out to 
assess the predictive capacity of the hydrological 
model.  The time verse flow plots of the 
observed and simulated values were used to 
compare the performance results in visual form. 
The root mean square error (RMSE) (Eq. 8), the 
Coefficient of Determination (R2) (Eq. 9), and 
the Nash-Sutcliffe (Eq. 10) (Nash and Sutcliffe 
1970) model efficiency coefficient (ENS) are 
important means to investigate and determine 
the accuracy of SWAT model simulation results.  

             (8)                                                                                                     

Where: 

Xsi is the simulated output on day i  

Xoi is the observed data on day i. 

The magnitude linear relationship between the 
observed and the simulated values can be 
investigated by R2. The Coefficient of 
Determination is the square of the Pearson‟s 
Product moment Correlation Coefficient. It is 
expressed by equation (9). Its values ranges from 
0.0 which indicates the model is poor model) to 
1.0 which indicates the model is good. 
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Where:  

Oi and Si observed and Simulated flow (m3/s) for 
each model event.  

 and  observed and simulated  average 
streamflow (m3/s)  during evaluation period.  

The agreement between the time verse flow plot 
of the observed and simulated values was 
examined by the ENS simulation coefficient. 
The ENS can range -∞ to +1 where as an 
efficiency of 1 (E = 1) corresponds to a perfect 
match of modeled discharge to the observed 
data (Santhi et al., 2001). The ENS defined as: 
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   (10)                                                             

Where: 

  is the average measured value during 
the simulation period 

 Ysi is the simulated output on day i,  

 Yoi is the observed data on day i.  

The simulation results are considered to be good 
if ENS≥0.75, and satisfactory if 0.36 ≤ ENS ≤ 
0.75 (Van Liew and Garbrecht, 2003). If 
ENS<0, it indicates that the sum of squares of 
the difference between Yoi and Ysi exceeds the 
sum of squares of the difference between Yoi and 

, which means that the simulated data is 
predicting no better than using the average of  

Table 3 The slope was reclassified into four 

classes. 

Class 1 0-2 % 

Class 2 2-5 % 

Class 3 5-10 % 

Class 4 10-9999 % 

Table 4 Landsat TM bands and their 

resolution. 

 

Wavelength Resolution (micrometers) 

Band 1 0.45 - 0.52 

Band 2 0.52 - 0.60 

Band 3 0.63 - 0.69 

Band 4 0.76 - 0.90 

Band 5 1.55 - 1.75 

Band 6 10.40 - 12.50 

Band 7 2.08 - 2.35 
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the observed data (Van Liew and Garbrecht, 
2003). 

4.8 Sensitivity Analysis  

There are several parameters which affect a 
complex hydrological modeling. Most of the 
values of these parameters are not exactly 
known. This can be for many reasons. Spatial 
variability, measurement error, incompleteness in 
description of both the elements and processes 
present in the system are some of the reasons 
(Holvoet et al., 2004). Therefore, optimizing 
internal parameters of a model is an important 
task in order to achieve a well representative 
hydrological model. This kind of task is called 
model calibration which is usually supported by 
sensitivity analysis. Sensitivity analysis helps to 
determine the sensitivity of parameters by 
comparing the output variance due to input 
variability.  It also facilitates selecting important 
and influential parameters for a model 
calibration by indicating the parameters that 
shows higher sensitivity to the output due to the 
input variability. Therefore, the number 
parameters that can be involved for calibration 
will be less in number and influential. It also 
evaluates the model capacity and helps to 
understand the behavior of the system being 
modeled. 

Sensitivity analysis was performed to determine 
the influence a set of parameters had on 
predicting total flow.  The analysis was carried 
out to identify the SWAT‟s hydrologic sensitive 
parameters by comparing their relative 
sensitiveness. It was performed on Twenty-six 
different SWAT parameters. An observed 
streamflow data from 01 January 2000 to 31 
December 2004, of Mehal Belse gage station was 
used. Using ArcSWAT inerface, the position of 
the subbasin that contains the gage station was 
identified. It was fairly located in the middle 
course of the main basin. Then the model 
parameters used in the sensitivity analysis of 
streamflow were selected and the method 
algorithm for analysis was defined. In the project 
the Latin Hypercube One factor At a Time (LH-
OAT) sensitivity analysis method was used. It is 
a combination of the One-factor-At-a-Time 
(OAT) design for simulation and Latin 

Hypercube (LH) sampling. It basically has the 
same concept as that of Monte Carlo simulation 
except the sampling method which is used by 
LH-OAT is stratified sampling rather than 
random sampling (McKay et al., 1979; McKay, 
1988). By applying default lower and upper 
boundary parameter values, the parameters were 
tested for sensitivity analysis for the simulation 
of the streamflow. „Average criteria‟ options 
have been selected for „sensitivity analysis 
output‟. Finally the sensitivity analyses were run 
for the main Beles gage station. In the analysis, 
the sensitive parameters of the streamflow of the 
basin were identified. The parameters, which 
resulted from the analysis, were ranked 
according to the magnitudes of response variable 
sensitivity to each of the model parameters, 
which divide high and low sensitivities. Out of 
the twenty six streamflow parameters the ten 
most sensitive ones were chosen for calibration 
processes (Table 5). 

The method used to determine the dominant 
hydrological parameters and to reduce the 
number of model parameters which will be used 
in calibration. However parameters that had 
been not evaluated during sensitivity analysis 
have to be modified during calibration so that 
the simulated flow model parameters fit that of 
the observed streamflow parameters. Modifying 
parameters other than those identified during 
sensitivity analysis was carried out with 
investigating the type of error which occurs in 
simulated variables.  

4.9 Calibration 

Model inputs like dynamic forcing data and 
values of parameters are associated with a 
number of uncertainties. Therefore model 
calibration is an important task to improve the 
result of model simulation.  It is a process of 
tuning parameters which help to improve 
models predictive accuracy. Since models should 
be developed with regard to a process described 
by different parameters, a result in a calibration 
represents a calibration that represents the 
system being modeled. Most calibrations are 
supported by sensitivity analysis which avoids 
performing calibration on non-effective 
parameters. 
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Figure 7 Upper Beles basin (orange line) Dangila weather station. 
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Moreover calibration is inevitable process 
especially while dealing with physically based 
distributed models.   

It is common that models are subjected to 
different degree of uncertainties. Model 
uncertainty sources doubt on the model analysis, 
process and result.  It includes uncertainties in 
the structure of the model (conceptual or logical 
uncertainties), uncertainties in model parameters, 
and uncertainties in the solution of the model 
(Addiscott et al., 1995). In many cases, 
uncertainty in the structure of the models 
(conceptual uncertainty) is regarded the main 
source of uncertainty in model predictions. 
However it is less considered than uncertainties 
in model parameters and input data (e.g. climate, 
soil data, and land management assumptions) in 
environmental modeling.  

Regarding uncertainties in model inputs are 
either data driven approach ( e.g. interpolating 
data) or people driven approach i.e. So-called 
“expert elicitation”, which lets using the 
processes of estimating probability models 
through expert judgment (e.g. Cooke, 1991; 
Kaplan, 1992), in the absence of more accurate 
data. To enhance model result uncertainties must 
be quantified and evaluated.  Sources of 
uncertainties can be assessed in various ways. 
There are several methods used to quantify and 
evaluate model uncertainties. However, Monte 
Carlo based global sensitivity and uncertainty 
analysis using a latin hypercube stratified 
sampling technique are more often used to 
evaluate uncertainties of hydrological models. 
The latter used in SWAT sensitivity analysis to 
improve the final calibrated result.  

Additional to calibrating model result the 
calibration process helps to verify the degree of 
sensitivities of the SWAT parameters which are 
resulted from sensitivity analysis process. 
Calibration can be performed in two ways: either 
manually or automated. In ArcSWAT2005 
Manual Calibration Helper used for making 
adjustment to parameters across a user defined 
group of HRUs or subbasins (SWAT 2005). 
Auto Calibration and Uncertainty of 
ArcSWAT2005 is used for automated 
calibration. It has two dialogue boxes namely 
Auto-Calibration Input and Auto-Calibration 
Output. The earlier allows performing the 
automatic model calibration by selecting a 
simulated model and a subbasin which a 
discharge outlet located at. The latter provides 
option to refine to the out parameters for an 
analysis.  

The parameters which had been selected by 
sensitivity analysis were optimized by both auto 
and manual calibration. In auto calibration, an 
Objective Function such as Sum of the Squared 
of the Residuals (SSQ) (Eq. 11) works at 
matching a simulated series to a measured time 
series. 

                                                                  

                                                              (11) 

The auto-calibration was performed 
incorporating with Parameter Solution (ParaSol) 
method which is an optimization and statistical 
method for the assessment of parameter 
uncertainty (Van Griensven and Meixner, 2006). 
It was performed based on a multiobjective 
function which incorporates the algorithms of 
the Shuffled Complex Evolution (Duan et al., 

Table 5 The ten most sensitive parameters were obtained from the sensitivity analysis of the 

simulated flow model using the observed streamflow of Main Beles. 
 

Model parameter Rank Lower and upper 
boundary 

SCS runoff Curve Number ( Cn2) 1 ±25 

Baseflow alpha factor (days), Alpha_Bf 2 0-1 

Manning coefficient for channel ( Ch_N) 3 ±10 

Soil available water capacity (mm) (Sol_Awc) 4 ±25 

Channel effective hydraulic conductivity (mm/hr), (Ch_K2) 5 0-150 

Groundwater delay time(days)  (Gw_Delay) 6 ±10 

Minimum shallow aquifer depth from return flow to occur (mm) (Gwqmn) 7 0-5000 

Surface runoff lag coefficients (days) (Surlag) 8 0.5-10 

Deep aquifer percolation fraction (RCHRG_DP) 9 0-1 

Soil evaporation compensation factor (Esco) 10 0 - 1 
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1992). The method uses best-fit statistics to 
adjust parameter values. In other word the 
method use algorithms perform to optimize an 
objective function by systematically searching 
the parameter space according to a fixed set of 
rules (Van Griensven et al., 2007). 

The streamflow observed data of four years, 
from 01 January 2000 to 31 December 2004, 
derived from Main Beles gauging station was used 
for auto calibration. Before performing the Auto 
calibration process the data was divided into two 
parts: 01 January 2001 to 31 December 2002 for 
calibration and 01 January 2003 to 31 December 
2004 for validation.   

While dealing SWAT auto calibration process, 

the location of the subbasin which the discharge 
outlet located at was indicated. The gauging 
station was mainly located in the middle course 
of the main basin. The simulated model and the 
subbasin where the discharge outlet located at 
were selected. The observed streamflow data 
was added. The ten most sensitive parameters, 
which were identified through sensitivity analysis 
process, were selected for auto calibration. The 
PARASOL was taken as a method for the 
calibration process.  Next, auto calibration 
output evaluations were defined. „Flow‟ was set 
as an output parameter to evaluate. The Sum of 
squared residuals was used as the objective 
function of the process. The object function 
weight was set and the model output evaluation 
criterion was also defined. Finally, the calibration 
process was run. 

The auto calibration process has produced 
optimized parameters and their output values in 
the form of text files which some of them were 
used for rerun the simulated model and further 
manual calibration process to much up the trend 
between the observed and the simulated flow 
parameter. The Best Parameters and their values, 
which are resulted from auto calibration process, 
were reused to rerun the simulated model to fit 
the parameters of simulated flow to the 
parameters of observed streamflow.  

The simulated model was rerun using Best 
Parameters and the values which were obtained 
from auto calibration. Then the output result 
was imported to SWAT database and stored in 
the output file which contains the simulated flow 
and other water quality parameters in stream.  
The simulated flow of Main Beles subbasin was 
sorted out from entire simulated flow of Beles 
Basin. Next, it was compared to the measured 
streamflow of the subbasin. The Comparison 

Figure 8  The three Landsat TM imageries and their acquired dates. 
 

Figure 9 The entire Upper Blese basin 

area was extracted from the reclassified 

TM Satellite data.   
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simulated and observed streamflow was done 
using time-series plot of the measured and 
simulated daily flows diagram created in excel 
2007. In the later task, a close investigation has 
been made on the outcome of auto calibration 
process.  

Since manual calibration gives a better result on 
fitting the parameters of simulated and observed 
flow, it was utilized following to the auto 
calibration. Initially it was carried out using the 
most sensitive parameters and the best 
parameters values which were resulted from 
sensitivity analysis and auto calibration.  Among 
the ten parameters which resulted from 
sensitivity analysis method SCN curve number 
(CN) Soil available capacity (AWC) and 
Baseflow alpha factor Alpha_Bf were found the 
most influential parameters and were used for 
further manual calibration. These were the 
considerable parameters to fit the data while 
changing. The rest of seven parameters have also 
been used for manual calibration but in lesser 
degree compare to above three parameters. Most 
models are provided with default values of the 
parameters. However, in this case initial values 
of the model parameters were defined. The 
minimum and maximum acceptable values were 
provided based on the information of related 
pervious works and literatures.  

The manual calibrating was made by varying the 
values of the sensitive parameters within their 

permissible values. It was carried out repeatedly 
by changing one of the more sensitive 
parameters in the model and then observing the 
corresponding changes in the simulated flow. 
While performing the process, the model‟s input 
parameters were attuned, by means of the 
effective parameters which were selected and 
ranked in the sensitivity analysis process.  
Following the calibration process the model 
performance assessment method (section 4.7) 
was carried out to test the hydrological model 
efficiency by comparing the agreement between 
the parameters the simulated flow and the 
observed streamflow. 

4.10 Validation  

Validation process using an independent set of 
observed data is necessary to comprehend the 
degree of the certainty of the model prediction. 
Model performance in calibration and validation 
periods may not be similar. Recent studies 
revealed that there are a number of difficulties of 
climate model validation. That is because of the 
complexity of the nature of climate and time 
dependent uncertainties of modeling dataset. 
Another reason is the hydrologic condition in 
the calibration period may not be the same as 
the hydrologic condition during the validation 
period (Beven, 2006; Liu and Gupta, 2007; 
Zhang et al., 2009a). The arithmetic ensemble 
mean and Bayesian Model Averaging (BMA) 

Figure 10 Shows the time-series plot (hydrograph) of the daily measured and simulated flows. 

It shows an acceptable conformity of simulated flows with the measured values both in 

magnitude and trend. 
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methods can be used to account and asses such 
calibration and validation models differences. To 
assess the performance the methods estimate 
values of the difference in properties in 
calibrated and validated models. In a good 
performance, the estimated values must match 
with the expected coverage percentage. In case 
of single models predictions, the simple 
arithmetic ensemble mean (i.e. R2 and NSE) can 
be used.   

The validation was carried out using the 
calibrated parameters. For model validation the 
remaining observed streamflow data from 01 
January 2003 to 31 December, 2004 were used. 
In the validation process, the model was run 
with input parameters set during the calibration 
process without any change. Following the 
validation process, the model performance 
assessment methods were reused to test the 
model performance.  

5.  LAND USE/COVER 

LAND/COVER CHANGE 

DETECTION  

The detection of the effect of land use/cover 
change on streamflow was performed for Upper 
Beles subbasin (Fig. 7) that includes Main Beles 
and Gilgel Beles gage stations and covers an area 
of around 4400 Km2. The process was carried 
out using the SWAT model and remotely sensed 

Landsat satellite imagery. Idrisi Andes image 
processing and ArcGIS spatial analysis interfaces 
were used to reclassify the remote sensing 
imagery and to detect the change of the land 
use/covers of the area. Because the limits of 
ancillary data that can be used for unsupervised 
classification, supervised classification technique 
was chosen as a method for the classification 
task. 

Three Landsat Thematic Mapper (TM) satellite 
images which have been acquired on 5 January 
1986, on 3 February 1999 and on 28 February 
2004 (Fig. 8) were used to detect the land 
use/cover changes. To avoid a seasonal variation 
in vegetation pattern and distribution 
throughout a year, the selection of dates of 
acquired data were made as much as possible in 
the same annual season of the acquired years.  

The image data files were downloaded in zipped 
files from USGS website and were extracted to 
Tiff format files which were consist of seven 
image bands. Though the images bands were 
originally orthorecitified, it was necessary to 
georeference them so that they fit and align to 
extent of the existing dataset. First the images 
files were imported into ArcMAP interface and 
re-projected to the projection is called Adindan 
UTM Zone 37N which was the same projection 
as used for other datasets. Then they were 
georeferenced and rectified using ground control 

Figure 11 Hydrograph for validation process shows agreement and trend of the simulated and 

observed data. 
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points (GCP) selected from pre-projected and 
georefenced satellite image. 

There are seven bands in the Landsat TM sensor 
(Table 4). Bands TM 1-5 and 7 have a spatial 
resolution of 30 m TM 6 has a spatial resolution 
of 120 m. These bands simultaneously record 
reflected or emitted radiation from the earth's 
surface in the blue-green, green, red, near-
infrared, mid-infrared, and the far-infrared 
portions of the electromagnetic spectrum.  In 
this study, spectral bands TM 1-5 and 7 were 
used to understand the dynamics of land 
use/cover change of the study area. 

The georeferenced image bands were imported 
from ArcMap into Idrisi Andes to perform 
further digital image analysis.  As they were in 
the form of Tiff image format, they were 
converted to Idrisi .RST file format. Composite 
images that combine different bands have been 
generated for all three images. They were used to 
identify easily distinguishable natural scene, to 
highlight a particular feature, such as vegetation, 
water etc and to prepare initial reference points 
for data analysis. The composite images 
established from TM1 (blue), (green) TM2 and 
TM3 (red) which are called Natural Color 
Composites have been used to identify ground 
features in their natural colors. The Composite 
images were created using TM2 (blue), TM3 
(green) and TM4 (red). These kinds of image are 
called False Color Composites, since the images 
depict features in colors that differ from their 
natural color.  In this case TM2, T3 and TM4 
represent green, red and near infrared (NIR) 
respectively in electromagnetic spectrum. They 

were used to detect the conditions of vegetation 
since these kinds of composite images allow 
vegetation to be detected readily in the image 
and vegetation has a high reflectance in the NIR 
band. Moreover, using infrared and near infrared 
bands, the vegetation index analysis has been 
made to examine the agricultural land use/cover 
in the study area. The normalized difference 
vegetation index (NDVI) method was used to 
estimate vegetation status. 

5.1 Supervised classification 

False Color Composite images (RGB image) 
which were provided using TM bands 2 (blue) 
and 3 (green) and 4 (red) and other topographic 
maps of the area were used as ancillary data to 
perform supervised classifications on each of 
three images. The spectral signatures were 
developed by selecting easily recognizable 
features and locations in the false composite 
images. The selected locations were given the 
generic name 'training sites'. They were digitized 
in the false composite images. Urban, bush land, 
bare land, water, agriculture, grassland, and 
forest were kept as land use/cover categories of 
interest. The program used the training sites to 
develop spectral signatures for each land 
use/cover category which, in turn, used to 
classify all pixels in the scene. The Maximum 
Likelihood Classification Method (MAXLIKE) 
was used to reclassify each pixel. It is a hard 
classifier and assigns a pixel to a class by 
comparing the probability that it belongs to each 
of the signatures being considered. The 
reclassified image was developed based on the 

Figure 12 Scatter plots of the calibration (A) and validation (B) periods show the correlation 

between of the observed flow (ObsQ) and the calibrated simulated flow (SimQ). 

 

http://en.wikipedia.org/wiki/Color
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selected area of interest. Some of the feature 
classes on the reclassified image were carefully 
reclassified and generalized based on their 
spectral reflectance signature and response over 
the composite image.  Urban and bare land, 
various types of minor vegetations were kept as 
bare land and cultivation land respectively. The 
existing topographic maps of the study area and 
the composite images which generated in the 
previous steps were used to enhance the 
reclassification process. 

Since the classifications were performed on the 
entire area of the downloaded satellite images, it 
was necessary to extract the area of interest 
which covers Upper Beles subbasin (Fig. 9) from 
the reclassified maps. All the reclassified images 
were imported to ArcMap. The vector map of 
the study watershed has been created and 
projected into the same coordinate and spatial 
reference system in ArcMap and superimposed 
on the reclassified images. In doing so, the study 
watersheds reclassified images were extracted. 

In the next step spatial analysis was performed 
on the extracted images to identify the land 
use/cover changes over time.  The quantity of 
existing vegetations and other ground features 
on each image were calculated based on the 
number of pixels that have been occupied by 
each feature in the reclassified images. Special 
attentions given to evaluating the amounts of 
vegetation exist on the reclassified images that 
had been acquired on the different dates.  

Finally three land use/cover maps were 
generated for three corresponding years, 1986, 
1999 and 2004. The changes in the land 
use/cover through the time were also 

determined. Graphs have been generated to 
indicate the variability of the vegetations in 
different years and to view the statistics result of 
each land use/cover change. Next, the 
evaluation of the streamflow variability relative 
to the land use/cover change in the subbasin 
was made. 

5.2 Evaluation of Streamflow due to the 
land use/cover change 

The study was carried out for three different 
years i.e. 1986, 1999 and 2004. The newly 
generated land use/cover maps and the daily 
climatic and streamflow data values were used to 
evaluate the impact on streamflow due to the 
land use/cover change. The SWAT model 
parameters mainly depend on climate, land 
use/cover, topography and soil types. 

To evaluate the impact of streamflow due to the 
land use/cover change through the specified 
period, it was necessary to perform the SWAT 
simulations by changing the three land 
use/cover data and keeping all other datasets 
and parameters unchanged. Therefore, all the 
data except the land use/cover data which were 
used during the SWAT model generation of the 
Beles basin were used to carry out the new SWAT 
simulations. The different classes and 
information of the three land use/cover maps 
which were generated from the three Landsat 
TM imageries were used to produce three 
different SWAT models. Then, the simulated 
streamflow result of year 1986, 1999 and 2004 
were separated from the entire streamflow result 
and compared to their respective observed 
streamflow data. 

Figure 13 The cumulative discharge volume of observed and simulated verse time plot for 

calibration (A) and validation (B) processes. 
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6.  RESULTS  

6.1 sensitivity analysis 

The LH-OAT sensitivity analysis method has 
revealed the most sensitive hydrological 
parameters for the simulated flow of the Beles 
subbasin. The entire number of the model 
parameters involved the hydrological process 
were reduced into the most effective and 
sensitive parameters. The sensitivity of the 
model parameters was ranked. The ten most 

sensitive hydrological parameters were the Curve 
Number (CN2), the Baseflow Alpha Factor 
(Alpha_Bf), the Manning coefficient for channel 
(Ch_N), the Soil Available Water Capacity 
(Sol_Awc), the Channel Effective Hydraulic 
Conductivity (Ch_K2), Groundwater delay time 
(Gw_Delay), Minimum shallow aquifer depth 
from return flow to occur (Gwqmn), Surface 
runoff lag coefficients (Surlag), Deep aquifer 
percolation fraction (RCHRG_DP) and Soil 
evaporation compensation factor (Esco). The 
result has indicated that the hydrological process 
of the study basin mainly depends on the action 
of these parameters. Since the model mainly 
used to evaluate streamflow, it was common that 
the SCS Runoff Curve Number was found one 
of the most sensitive parameter. It has given an 
idea for rough estimation of streamflow in the 
basin. As it is directly proportional to an 
estimated streamflow of the process, performing 
manual calibration was mostly focused on 
optimizing this parameter and followed by the 
remaining parameters.    

6.2 Calibration 

The measured streamflow data of Main Beles 
gauging station had been compared to its 
simulated flow before the calibration was taken 
place on the simulated model. The coefficient of 
determinations and the Nash-Sutcliffe simulation 
efficiency were obtained (R2), 0.06 (ENS), 0.1 
respectively. Even though the average results of 
the two flows have shown a reasonable 
agreement, the obtained model performance 
indicators were hardly acceptable. They have 
indicated that the need for a further calibration 
to achieve a better result.  

The auto calibration which was performed using 
the most sensitive parameters provided the 
sensitivity/calibration reports of the SWAT 
simulation. The calibration process verified the 
degree of sensitivities of the SWAT parameters 
which were resulted from sensitivity analysis 
process. The report has provided the objective 
parameter values for all the parameters sets 
considered in the auto calibration, the 
parameters sets considered in the auto 
calibration, the parameters sets that had 
acceptable values for the objective function 
(Good Parameters) and the parameters set that 
had the lowest value for the lowest function 
(Best Parameters) (Table 6). Even though the 
simulated model which was rerun automatically 
using the Best Parameters was not as good as the 
manual calibrated result, it has given a better 
  

Figure 14 The three land use/cover maps 

1986, 1999 and 2004 (A, B and B) 
 

(B)  

 (C) 

(A)  
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agreement between the simulated and the 
observed flow compare to the agreement result 
which had obtained before auto calibration.  In 
the auto calibration process the model 
performance indicators have shown lower result 
compare manual calibration.  The coefficient of 
determinations and the Nash-Sutcliffe simulation 
efficiency were obtained (R2), 0.14 (ENS), 0.38 
respectively. 

Performing the manual calibration on the model 
using all the most sensitive parameters and 
editing their values has provided the best fit 
between the simulated and the observed 
streamflow. The three most sensitive parameters 
namely curve number (CN2), Baseflow alpha 
factor (Alpha_Bf) and Groundwater delay time 
(Gw_Delay) were intensively used to perform 
manual calibration. 

During manual calibration the graph of the time 
verse flow plot of the observed and simulated 
values has shown conformities in the higher 
value picks and nonconformity in the lower 
values. 

This was mainly because of the soil hydraulic 
conductivity of the implemented soil data. 
Therefore it was necessary to alter the hydraulic 

conductivity of each soil property value of 
implemented soil data repetitively until good 
calibration result was met. 

The repeated manual calibration process has 
adjusted the simulated flow as close as possible 
to observed streamflow. After several attempts, 
the calibration process has shown a good 
agreement between observed and simulated 
flows (Fig. 10). The coefficient of 
determinations and the Nash-Sutcliffe simulation 
efficiency were obtained (R2), 0.73 (ENS), 0.61 
respectively. 

The measured and simulated average yearly flow 
volumes for Upper Beles (Main and Gilgel Beles) 
were obtained. They were 494 and 458 mm, 
respectively. This indicates that there is a 
reasonable agreement between the measured and 
the predicted values. 

The scatters plot of the values of the measured 
and the simulated daily streamflows data has also 
shown a fair linear correlation between the two 
datasets. The trend and the magnitude of the 
two data set values are shown in figure (12A).  

The validation period has also shown a good 
agreement between daily measured and 
simulated flows (Fig. 11). The validation result 
showed that the coefficient of determinations 
(R2) and the Nash-Sutcliffe simulation efficiency 
(ENS) are 0.78 (Fig. 12B) and 0.69 respectively. 
In general, the Model Performance assessment 
indicated a good correlation and agreement 
between the daily measured and simulated flows. 

The measured and simulated average yearly flow 
volumes of Upper Beles (Main and Gilgel Beles) for 
the validation period were 480 and 523 mm, 
respectively. 

The cumulative discharge volume of observed 
and simulated verse time plot charts were 
constructed for calibration and validation 
processes (Fig. 13).  They revealed that there are 
significant discrepancies between the observed  

Table 6 Best parameters and fitted value. 

 

 Parameter_Name Fitted_Value 

1 CN2 0.48  

2 ALPHA_BF  (Days) 0.06 

3 GW_DELAY (Days) 0.93 

4 GWQMN(mm) 621.5 

5 CH_N2 0.07 

6 CH_K2 11.14 

7 SOL_AWC(1) (mm) 0.08 

8 ESCO 0.056 

Figure 15 Pie charts show the proportions of the land use/cover change of the Upper Beles 

basin.  The change in forest class (yellow) is shown in 1986, 1999 and 2004. 
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 and simulated data series. Possible reasons for 
the occurrence of discrepancies are discussed in 
the discussion part (section 7). 

 6.3 Land use/cover Land/cover Change 
Detection 

Figure (14) shows the three land use/cover maps 
1986, 1999 and 2004 that have been generated 
from Landsat TM imagery classification. It is 
easily shown that the decrease of the forest areas 
(yellow) and the increase cultivation land (green), 
bare land and bush land over the past two 
decades. The portion of each land use/cover 
class is shown in figure (15). In the figure, the 
pie charts reveal the changes in land use/cover 
that have been taken place in the specified 
period in the basin.  On the land use/cover map 
of year 1986 the total forest coverage class 
was19.3 % of the total area. On the land 
use/cover map of year 1999 it reduced to 4.2% 
of the total area.  On the land use/cover map 
2004 it increased 6% and became 10% of the 
total basin area. This is most probably because 
of the reforestation or afforestation program 
that has taken place in the area.  The cultivation 
land has increased rapidly throughout the whole 
period. It was 10.6% of the total basin in1986. It 
became   14% of the basin in1999.  Then it grew 
fast and become 32% of the basin in 2004.  This 
is mainly because of the population growth that 
caused the increase in demand for new 
cultivation land which in turn resulted shrinking 
on other types of land use/cover of the area. In 
general, during the eighteen years period the 
forest land decreased 13 % where as the 
cultivation land increased 21.4 %.  Tables (7) 
show the area coverage of each land use/cover 
class in the three different years.   

6.4 Evaluation of Streamflow due to the 
land use/cover change 

 The evaluation of land use/cover impact on 
streamflow has shown that a significant land 
use/cover variability during the specified periods 
of time (Table 7). The average yearly observed 
streamflow volume of year 1986 was 267 mm. 
The average yearly streamflow volumes of the 
three simulated models that had been obtained 
using the land use/cover data of 1986, 1999 and 
2004 and the observed streamflow volume of 
year 1986 were 255, 311 and 286 mm 
respectively. The average yearly observed 
streamflow volume of year 1999 was 473 mm. 
The average yearly streamflow volumes of the 
three simulated models that had been obtained 
using the land use/cover data of 1986, 1999 and 

2004 and the observed streamflow volume of 
year 1999 were 374, 459 and 441 mm 
respectively. The average yearly observed 
streamflow volume of year 20004 was 525 mm. 
The average yearly streamflow volumes of the 
three simulated models that had been obtained 
using the land use/cover data of 1986, 1999 and 
2004 and the observed streamflow volume of 
year 2004 were 378, 572 and 516 mm 
respectively. The yearly average cumulative 
simulated streamflows obtained from using the 
land use/ cover data of yea1986, 1999 and 2004 
and the yearly average cumulative observed 
streamflows of year 1986, 1999 and 2004 are 
summarized in Table (8) 

7.  DISCUSSION  

There are several methods used to fill in missing 
data. Sometimes options are narrow to select the 
best method that is used for filling in missing 
data when working in the areas where there are 
limited data source. In such types areas, the 
inverse distance weighting interpolation method 
works effectively for climate stations which are 
situated in an area 100 Km radius.  Therefore it 
was found efficient to fill in the missing 
precipitation data of the project.  

The lack of actual soil characteristics data that 
have been required by SWAT model has been 
overcome by gathering information from 
previous works and using FAO soil classification 
method. The number of soil layers that have 
been used in the simulation processes may not 
represent high degree of accuracy. Therefore, it 
was less certain to use the parameter values of 
Available Water Capacity (Sol_Awc) obtained 
from automatic calibration for the manual 
calibration process. The problem was overcome 
first by using the SWAT generated (default) 
values and then manual calibration helper was 
used to add, multiply or replace a certain  

Table 7 The land use/cover classes of the 

Upper Beles area in the years 1986, 1999 

and 2004. 

 

Land cover 

 Area (fraction) 

 1986 (%) 
1999(%) 2004(%) 

Bush Land  
59.5 52.2 51.1 

Forest  
19.4 4.2 10.1 

Cultivation  
10.4 14.1 32 

Bare Land  12.7 29.8 7.5 
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appropriate values on the generated parameters 
values of each subbasins.  

The cumulative discharge volume of observed 
and simulated verse time plot charts for 
calibration and validation processes revealed that 
there are significant discrepancies between the 
observed and simulated data series. Possible 
reasons for these discrepancies are one or many 
systematic errors which had been believed that 
they had been introduced while either the flow 
measurement or the modeling process was 
taking place.   

There are a number of reasons which prevent 
the model result being highly accurate. The lack 
of actual necessary project data such as 
precipitation, discharge and soil are some of 
these reasons. As mentioned above, Filling in the 
missing precipitation and observed data was 
attained by using interpolated data. Using 
interpolated data does not provide the result as 
good as actual data.  Furthermore, it is common 
that measured discharge and precipitation data 
contain errors which are sourced from either a 
measuring instruments or crew error in a 
measuring station. Therefore, it is clear that 
these kinds of errors could be propagated in a 
modeling process and could affect the model 
result. 

There are some GIS based errors that could 
affect the model result.  These kinds of errors 
were mostly introduced while data processing 
and analysis of geospatial SWAT input data.  
The possible GIS based errors that are expected 
form this study, mainly generated from the 
combining process of similar land use /cover 
attributes and the reclassifying process of land 
use/cover and soil classes. These include some 
other errors which could be created while using 
GIS data managing process such as digitizing, 
extracting and georeferencing. All these kinds of 
errors could have an effect on the accuracy of 
the model result.    

 The comparison between the simulated 
streamflow result of the three land use/cover 
data (of year 1986, 1999 and 2004) and their 
respective observed streamflow data has 
revealed that the land use/cover change in year 
1986 , 1999 and 2004 has caused a significant 
change in the simulated average daily streamflow 
of the Upper Beles basin. The lowest and the 
highest simulated streamflow obtained from the 
land use/cover data of 1986 and 1999 
respectively, indicated that the change in the land 
use/cover impacted on the amount of 
streamflow of the area in these two periods. The 
results (Table 7) have clearly shown that the 
difference in the quantity of the streamflows in 
the two periods was resulted from the difference 
in the land use/cover of the area. The result 
(Table 7) showed that the two periods had 
various degrees of land use/cover classes. The 
main differences were observed in the amount 
of forest land and bare land. The total extents of 
forest land and bare land in the land use/cover 
data of year 1986 were 19.4% and 12.7% 
respectively. The forest land in the land 
use/cover data of year 1989 reduced to 4.2% 
where as the bare land and grown to 29.8%. This 
indicated that the two land use/cover classes 
were the main reasons to the decrease and the 
increase of the amount of simulated streamflow 
in 1986 and 1999 respectively. In general, a 
decrease in forest land of an area causes an 
increase in streamflow of the area due to a 
decrease in evapotranspiration.   On the other 
hand an increase in bare land causes an increase 
in streamflow due to high surface runoff.   

The amount of the yearly average cumulative 
simulated streamflow obtained from the land 
use/cover data of 2004 was higher than the 
simulated streamflow of 1999 but less than that 
of 2004. The result (Table 7) has shown that the 
cultivation and the forest land classes of the land 
use/cover data of 2004 covered 32% and 10% 

Table 8 The measured and annual simulated streamflows volumes of 1986, 1999 and 2004 

obtained by assuming the land use/ cover data of the year 1986, 1999 and 2004 respectively.   
 

 Simulated discharge 

Year Yearly discharge (mm) map 1986 map  1999 map 2004 

1986 268 255 311 286 

1999 473 374 459 441 

2004 526 379 572 516 
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of the total area respectively. The cultivation 
land in 2004 has increased 22% compare to 1986 
where as the forest land has decreased 9.5 %.  
Increasing in cultivation land and decreasing in 
forest land in 2004 caused higher simulated  

streamflow than that of 1986. The cultivation 
land in 2004 has increased 18% compare to  

1999. The forest land increased 6 %.compare to 
1999. Increasing in cultivation land and 
decreasing in forest land in 2004 caused lower 
simulated streamflow than that of 1999. 

8.  CONCLUSION 

 Hydrologic simulation models are very essential 
way used to assess hydrological characteristics of 
watershed. They are efficient tools for evaluating 
effects and impacts that occur in hydrologic 
regime. They can be used to find out, predict 
and interpret what happened and will happen 
throughout a basin in time and space. They can 
be used to learn influence of various 
environmental and other factors that are 
interrelated to the basin and their impact and 
adverse impact when they are at risk.  

The study has shown that GIS tools and remote 

sensing application are helpful method to 

analyze and evaluate spatiotemporal land 

use/cover dynamics. It has also shown that 

SWAT2005 is an effective tool in analyzing the 

impacts of land use/cover changes on 

streamflow in areas with limited readily available 

data. 

In the study, the result has shown the calibrated 
model has adequately revealed the phenomena 
that take place in the hydrological regime.  
Despite limited data, the final calibration result 

of Beles basin was reasonable. The time verse 
flow plot of the observed and simulated values 
the pre-calibration simulation result has shown 
that the SWAT model adequately simulated the 
streamflow of the basin. The statistical result of 
model performance assessment also showed that 
the trend agreements between the calibrated and 
simulated model was good. The Nash efficiency 
and coefficient of determination result revealed 
that the model has a good performance. It has 
also shown the model effectiveness to simulate 
the streamflow of the basin.  

The most parameters which were resulted from 
the sensitivity analysis were representative water 
flow parameters. Therefore they were effective 
while they were used during manual calibration. 

Sometimes an automatic calibration is not 
enough to obtain refined model result. 
Therefore, there are several occasions that a 
manual calibration is an inevitable supportive 
task. In the project an automatic calibration was 
followed a manual calibration that greatly helped 
to enhance the model simulation result.  

The result has clearly revealed the significant 
change in land use/cover that has been occurred 
in the area. The forest cover has shown a 
significant change in twenty year time. The 
increase in the cultivation land has caused the 
decrease in forest. This indicates that the 
shrinking of the forest cover was mainly caused 
by deforestation for farming land. The 
deforestation could be the result of continues 
population growth of the area. The result has 
also shown that the decrease in forest cover 
caused the increase in the streamflow which was 
caused by the decrease in evapotranspiration and 
soil retention of the area. 

. 
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