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ABSTRACT 

Simulating Hydrological and Climate Variability Impacts on the Watershed of  
 Legedadi Reservoir using ArcSWAT. 
Habtamu Bewket Alemayehu 

Addis Ababa University, 2017 

The Soil and Water Assessment Tool (SWAT) simulation has been developed for 

studying the complex hydrological watershed and their impacts. This study was 

conducted in Watershed of Legedadi Reservoir in North Western Shoa Zone Aleltu 

and Bereh district. The objective of this study was to assess the impacts of 

hydrological, climate variability and land use/land cover on Legedadi reservoir 

Watershed. The simulation was calibrated from 1989 to 2000 and validated from 

2001 to 2012. Based on the simulation performance criteria the variation ranges from 

1.0 to 0.95 and Nash-Sutcliffe Efficiency index range from 0.58 to 0.51. On average 

the annual evaporation is decreasing by 0.0005 mm of water/ year. Annual average 

maximum Surface runoff is 654.27 mm of water /year and Annual average minimum 

value of Surface runoff is 518.86 mm of water /year, Annual average maximum 

Groundwater is 413.76 mm of water /year. The annual average sediment load 175.28 

ton/ ha/year is maximum while 36.7ton/ha/year is the minimum in sub-basin 2 and 22 

respectively. Due to land use land cover change the Sediment yield is changed from 

49% of 100% to 51 %, of 100%, runoff changed from 51% of 100% to 49% of 100% 

and water yield is changed from 54% of 100% to 46 % of 100% in 1997 and 2012 

respectively. Depending on the findings of the study , further study need for detail  

study due to the variation of surface runoff, evapotranspiration, ground water 

contribution , sediment yield and inflow rate  from sub-basin to sub-basin. Proper 

farming practices should be essential.  

Key Words: sediment yield, water yield, LULC Change, runoff, inflow rate.  
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                                 Chapter One 

 1. Introduction 

1.1 Background  

Many countries face scarcity of freshwater or subject to pollution. Thus, the 

availability and the sustainable use of the water resources become the core of the 

national and international strategies and politics in the world. Ethiopia experiences 

pervasive land, water and environmental degradation due to localized and global 

climatic anomalies. The poor land use practices, improper management systems and 

lack of appropriate soil conservation measures have played a major role for causing 

hydrological and climate variability in the country. Water resources are vital factor for 

economic development and augmenting growth of agriculture and industry especially 

in the perspective of rapidly increasing population and urbanization. Hydrological 

processes and their local scattering have always direct relation to weather, topography 

and geology and land use land cover changes of watershed in addition to the impact of 

human activities.  

Land use land cover changes associated with climatic and geomorphologic conditions 

of the area have an accelerating impact on the land degradation. Natural as well as 

human-induced land use land cover change (LULCC) has significant impacts on 

regional soil degradation, including soil erosion, sedimentation, runoff, and organic 

matter depletion. In this regard soil degradation is a serious environmental threat in 

Ethiopia due to a highly vulnerable soil-climate-ecosystem, extremely vulnerable 

agricultural society depending on soil quality as a fundamental base for its livelihood 

and the linkage between soil resources with land use change (Harmel, 2006). 
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The potential effects of land use/cover change resulting soil erosion and producing 

over sediment on surface water source of reservoirs, which are loosing their capacity 

due to sedimentation processes, and are therefore seriously threat on their 

performance. Soil erosion is among the serious problems affecting the quality of 

water resources; soil and land upon which man depends for their sustenance and 

proper management of those resources is important to satisfy the current demand as 

well as to maintain sustainability. The most essential natural resources of water for 

living species are limited in amount, scarce, and not spatially distributed in relation to 

the population needs. Deforestation, agricultural activities, construction, mining, 

urban and industrial development, and similar activities can have significant impact 

on the quantity and rate of surface runoff, and on the rates of erosion and sediment 

transport that take place (Tadele Kassa, 2007). 

Sediments, organic and inorganic fertilizers from the agricultural fields that enter the 

catchment by runoff may result in eutrophication (Harmel, 2006). Hence it is 

necessary to improve our understanding of the problems involved due to the changing 

climate. Appropriate decision support tools are needed for better assessment of the 

hydrology, soil erosion and hydrodynamic processes in the upland watershed and 

downstream water body for planning and implementations of soil and water 

conservation measure. The Soil and Water Assessment Tool (SWAT) simulation 

capabilities have encouraged and improved the expanded use of watershed simulation 

worldwide. It is a suitable tool for the efficient management of large and complex 

database and to provide a digital representation of watershed characteristics used in 

hydrologic simulation. It has added confidence in the accuracy of modeling by 

providing more practical approach toward the watershed conditions, defining 
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watershed characteristics, improving the efficiency of the simulation process and 

ultimately increasing the estimation capabilities of hydrological simulation.  

Watershed of Legedadi Reservoir is adversely affected by the rapidly growing 

population and the rising demand for cultivated land combined with increasing built-

up areas. Resulting soil degradation, Surface runoff, and heavy sedimentation. Water 

quality in the Legedadi reservoir has deteriorated over the past twenty years. The 

effects of soil erosion in the Watershed of Legedadi Reservoir have significant impact 

on the reservoir. The sediment volume of the Legedadi reservoir increased by 2.1 

MCM (million cubic meters) in the 19 years passed since the previous bathymetric 

study of 1979. The live storage capacity was reduced from 45.9 MCM in 1979 to 43.8 

MCM in 1998 (Tahal Consulting, 2000). The annual average siltation rate Legedadi 

Reservoir is 120,000 m3/yr within1979-2010 and135, 000 m3/yr within 1998-2010. 

These translate to an annual average Dam volume reduction rate of 0.26%/yr for the 

period 1979-2010 and 0.31%/yr for the period 1998-2010 (AAWSA, 2011). 

 Effective methods and mechanisms should be implemented to mitigate soil erosion 

from LULC change, surface runoff and sediment load impacts. Among them, 

simulating is the process of mathematically describing sediment yield, surface runoff 

distribution and amount on the Watershed of Legedadi Reservoir, is essential. 

          1.2 Statement of the Problem 

Water quality degradation is one of the major environmental problems for many 

developing countries; this is due to its unique characteristics that make it crucial for 

the existence of life and an important factor in many physical and biochemical 

processes. The physical, chemical and biological quality degradation can limit the 

intended use of water. The hydrological changes will increase flood risk during 
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winter, while low flows during summer will adversely affect water availability for 

agriculture, domestic use and industry .The impacts of climate variability on 

watershed hydrology, water quality and various socio‐economic sectors. Soil erosion 

in Ethiopia is a wide spread problem threatening the sustainability of agricultural 

productivity and causing the deterioration of both land and water resources. Legedadi 

water supply reservoir is one of the major drinking water sources and supplied around 

60% of drinking water for Addis Ababa city (AAWSA, 2011). In appropriate use of 

land for agriculture, deforestation, climate variability and poor management practices 

lead to various forms of soil erosion and accumulating sediments in the reservoir. In 

addition to this, nutrients and chemicals from croplands are transported into the 

reservoir.  

Research was conducted on the Watershed of Legedadi Reservoir on the problem of 

climate variability, hydrological, sedimentation and land use area. However, these 

studies were done but not address the distribution of sediment yield, runoff, 

evaprtanspiration, water yield, and ground water contribution on this study area. 

Therefore, the study on such issue is going to provide information about recent 

condition of the study area. 

         1.3 Significance of the Study 

This study is expected to find out physically based, distributed SWAT model, which 

is a well-established simulation for analyzing and giving baseline information about 

Watershed of Legedadi Reservoir sediment yield and relationship with climate 

variability and water sources. The study would provide a framework to assess on-

going vulnerability of the supply to sedimentation and the main inappropriate use of 

land for agriculture, deforestation, Climate variability and poor management practices 
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problems that make future sedimentation. In addition to this, it will explain the 

relationships of soil-erosion, deforestation, and land use practice and sediment yield. 

It may be used as a practical basis for decision making and formulate a best 

management system based on the results of the study. The study would be used to 

establish a relationship between various hydrological components such as 

precipitation, evapotranspiration, surface runoff and soil water movement 

(infiltration) and their distribution and relation. SWAT simulation can provide a better 

understanding of deposition and distribution of sediment yield, Runoff and helps to 

investigate the basic flow structure and stratification on the Watershed of Legedadi 

Reservoir. 

                1.4 Objectives 

1.4.1 General objective: The general objective of this study is to assess the 

impact of hydrological, climate variability, sedimentation and land use/land cover 

change on the Watershed of Legedadi Reservoir.  

            1.4.2 Specific Objectives 

 The specific objectives of this study are to: 

1. Assess hydrological distribution on watershed of Legedadi reservoir, 

2 .The effect of climate variability on the Watershed of Legedadi Reservoir  

3. Identify and evaluate variability of sediment yield in the Watershed using SWAT 

      simulation for stream flow using calibration and validation analysis, 

4. Evaluate the impact of LULC change on the Watershed of Legedadi Reservoir  



6 
 

                            Chapter Two 

                         2. Literature Review 

According to the 1998 bathymetry survey report (TAHAL and Metaferia, 2000) from 

the topography map of the reservoir, the full capacity of the reservoir at the time of 

commissioning was 63.68 MCM. However, in the report it is commented that this 

volume is on the higher side and probably the capacity is 6 meters above the present 

full supply level included. In 1999, TAHAL Consulting Engineers in association 

Menagerie Consulting Engineers (MCE) has carried out a bathymetric survey of the 

reservoir and the bathymetry survey of 1979 was reconstructed. As the result the 

maximum storage capacity of the reservoir at an elevation of 2466 m.a.m.s.l was 45.9 

MCM and 43.8 MCM respectively .A comparison of both bathymetries results, an 

average annual silt accumulation is110000 m3. This amount represented a loss of 0.25 

percent of live storage. In terms of soil loss from the catchment area, an annual 

average yield of 760 t/km2/year.   

         2. 1 Comparison of 2010 Survey with Previous Surveys 

The bathymetric maps prepared from the 1979 and 1998 surveys are available. 

Although the digital copies of the maps are not available to overlay one on top of the 

other, visual inspection has been made. The shapes of the reservoir area along with 

the contours shape are very much similar with the previous surveys. The Elevation 

storage capacity curves of the three surveys, also exhibit the same curvature, taking 

into account the volume change due to sedimentation (TAHAL and Metaferia, 2000). 

The difference in storage capacity and the amount of silt deposited and siltation rates 

for different periods are given in table 1. 
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Table. 1 Amount of silt deposited and siltation rates for different periods 

          (Source: TAHAL and Metaferia, 2000). 

 

This shows that since the 1979 and 1998 bathymetric survey, the total deposit of 

sediment in the reservoir is 3.72 and 1.62 MCM .In other words the average siltation 

rate in the past 31 and 12 years is 120,000 and 135,000    m3 per years respectively. 

Due to erosion management practices, the sediment yield in 1998 is smaller than 

in1979. (TAHAL and Metaferia , 2000). 

 

           Fig.1 Elevation-Volume curve (source: TAHAL and Metaferia, 2000). 
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They prepared the Elevation-Volume curve based on the result i.e., Maximum Water 

Level of 2466 m.a.sl. As per the study the maximum water storage capacity of the 

reservoir was 43.8 MCM. When comparing this result with the 1979 survey, the 

reservoir had lost 2.1 MCM storage capacities due to siltation.       

             2. 2 Over View of SWAT Model 

SWAT is a river basin or watershed, scale model. It is a continuous time model that 

operates on daily time steps and uses a command structure for routing runoff and 

chemical through watershed. It developed by Agricultural Research Services of 

United States Department of Agriculture to predict the impact of land management 

practices on water, sediment, and agriculture chemical yields in large and complex 

watersheds with varying soil, land use, and management conditions over long periods 

of time (Douglas, 2000).  

                      2.2.1 Hydrological SWAT Model 

The Simulation of the hydrology of a watershed is done in two separate divisions. 

One is the land phase of the hydrological cycle that controls the amount of water, 

sediment, nutrient and pesticide loadings to the main channel in each sub basin. 

Hydrological components simulated in land phase of the Hydrological cycle are 

canopy storage, infiltration, redistribution, evapotranspiration, lateral subsurface flow, 

surface runoff, ponds, tributary channels and return flow. The second division is 

routing phase of the hydrologic cycle that can be defined as the movement of water, 

sediments, nutrients and organic chemicals through the channel network of the 

watershed to the outlet (Kassa , 2007).  



9 
 

In the land phase of hydrological cycle, SWAT simulates the hydrological cycle based 

on the water balance equation. 

    SWt  =  SWo+                                   
 

   
)¡                     (1) 

Where t - is the time in days,  

SWt and SWo - are the final and initial soil water content respectively (mm), 

Rday - is amount of precipitation on day i (mm),  

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

Ea-is the amount of evapotranspiration on day i (mm),  

Wseep- is the amount of water entering the vadose zone from the soil profile on day  

 i (mm) 

Qgw - is the amount of return flow on day i (mm). 

The estimation of surface runoff can be performed by the Simulation using the Soil 

Conservation Service (SCS) curve number method, This method is a widely used for 

the prediction of approximate amount of runoff  from a given rainfall event. It is 

mainly based on the soil properties, land use and hydrologic conditions. The SCS 

curve number equation is 

              Qsurf= 
              

            
                           (2) 

Where Qsurf is the daily surface runoff (mm), Rday is the rainfall depth for the day 

(mm), and S is the retention parameter (mm). The retention parameter S and the 

prediction of lateral flow by SWAT model are defined in Eq. (3): 

             S= 25.4(    

  
   -10)                  (3) 

Where S= drainable volume of soil water per unit area of saturated thickness 

(mm/day); CN=curve number. SCS defines three antecedent moisture conditions: I – 
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dry (wilting point), II – average moisture and III – wet (field capacity). The moisture 

condition, I curve number is the lowest value the daily curve number can assume in 

dry conditions. The curve numbers for moisture conditions I and III are calculated 

with the Eq. (4) and (5), respectively. 

         CN1 = CN2-
             

                                                  (4) 

           CN3 = CN2  
                  

                        (5) 

Where CN1 is the moisture condition I curve number, CN2 is the moisture condition 

II curve number, and CN3 is the moisture condition III curve number. 

                   Lateral flow is predicted by 
Qlat =0.024

            

   
                           (6) 

Where qlat=lateral flow (mm/day);  

        S=drainable volume of soil water per unit area of saturated thickness (mm/day);  

       SC= saturated hydraulic conductivity (mm/h);  

        L = flow length (m),  

        α =slope of the land,  

        hd = drainable porosity. 

                      2.2.2 Sediment SWAT Model  

SWAT is a robust model for simulating sediment load and has been widely used 

across large number of watersheds around the world. Sediment yield is simply defined 

as the final and net result of detachment, transport and deposition processes occurring 

to the point of interest where sediment yield information is needed. There are several 
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factors which affect the sediment yield; the main factors are: land use, soil type, 

catchment size, climate and rainfall (Morgan, 1998). The Modified Universal soil 

Loss Equation (MUSLE) is a modified version of the USLE, developed by Williams 

(1975). In the modified model, the rainfall energy factor is replaced by a runoff factor; 

this modification allows the equation to be used for predicting sediment yield, 

eliminates the need for delivery ratios and allows the equation to be applied to 

individual storm events (Blanton, 1982). SWAT calculates the soil erosion and 

sediment yield with the Modified Universal Soil Loss Equation (MUSLE).The USLE 

is the method most widely used around the world to predict long-term rates of interill 

and rill erosion from field or farm size units subject to different management practices 

(Blanton, 1982). The modified universal soil loss equation for tropical regions is: 

Sed=11.8× (Qsurf*qpeak*areahru) 0.56*kUSLE *CUSLE *pUsle*LSUSLE*CFRG            (7) 

where sed is the sediment yield on a given day (metric tons), Qsurf is the surface 

runoff volume (mm /ha), qpeak is the peak runoff rate (m3/s), areahru is the area of the 

HRU (ha), KUSLE is the soil erodibility factor (metric ton m2 hr/(m3-metric ton cm)), 

CUSLE is the cover and management factor, PUSLE is the support practice factor, LSUSLE 

is the topographic factor and CFRG is the coarse fragment factor.  

              2.3 MUSLE Factors 

The extent of erosion and sediment yield from watersheds are related to a complex 

interaction between topography, geology, climate, soil, vegetation and various land 

use development activities. The basic form of the MUSLE equation has remained the 

same to USLE but; several factors modifications have been changed in MUSLE 

(Morgan, 1998). The MUSLE estimates average soil loss for a given area as a 

function of eight major factors (Equation 7). 
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          2.3.1 Rainfall Erosivity Factor (R) 

Rainfall erosivity is the property of rainfall that can quantitatively evaluate the 

potential capacity of rain to cause erosion in a given situations and given as the 

Product of the total energy of rain storm and the maximum 30 min intensity .The soil 

loss is closely related to rainfall partly through the detaching power of raindrop 

striking the soil surface and partly through the contribution of rain to runoff. 

According to (Hurni, 1985) states that the numerical value used for in MUSLE must 

quantify the effect of raindrop impact and must also reflect the amount and rate of 

runoff likely to be associated with the rain. Within the USLE, rainfall erosivity is 

estimated using the EI30 measurement. However, rainfall kinetic energy and intensity 

data were not available for this study. So, the erosivity R factor was calculated 

according to the formula given by (Hurni, 1985) derived from a spatial regression 

analysis) for Ethiopian conditions (Equation 8). The model adapted by Hurni for 

Ethiopian condition is based on the available mean annual rainfall data. 

R = - 8. 1 2 + (0. 5 6 2 x P)               (8) 

Where; P is mean annual rainfall in mm. 

              2.3.2 Soil Erodability Factor (K) 

K factor is soil erodibility factor which represents both susceptibility of soil to erosion 

and the rate of runoff, as measured under the standard unit plot condition. Soils high 

in clay have low K values, about 0.05 to 0.15, because they are resistant to 

detachment. Coarse textured soils, such as sandy soils, have low K values, about 0.05 

to 0.2, because of low runoff even though these soils are easily detached. Medium 

textured soils, such as the silt loam soils, have moderate K values, about 0.25 to 0.4, 

because they are moderately susceptible to detachment and they produce moderate 
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runoff. Soils having high silt content are most erodible of all soils. They are easily 

detached; tend to crust and produce high rates of runoff. Values of K for these soils 

tend to be greater than 0.4.Organic matter reduces erodibility because it reduces the 

susceptibility of the soil to detachment, and it increases infiltration, which reduce 

runoff and thus erosion. Addition or accumulation of increased organic matter through 

management such as incorporation of manure is represented in the C factor rather than 

the K factor.Soil structures affect both susceptibility to detachment and infiltration. 

Permeability of the soil profile affects K because it affects runoff. Although a K factor 

was selected to represent a soil in its natural condition, past management or misuse of 

a soil by intensive cropping can increase a soil's erodibility. The K factor may need to 

be increased if the sub-soil is exposed or where the organic matter has been depleted, 

the soil's structure destroyed or soil compaction has reduced permeability(Blanton JC, 

1982).  

    2.3.3 Slope Length and Steepness Factor (LS) 

L is the slope length factor, representing the effect of slope length on erosion. It is the 

ratio of soil loss from the field slope length to that from a 72.6-foot (22.1-meter) 

length on the same soil type and gradient. Slope length is the distance from the origin 

of overland flow along its flow path to the location of either concentrated flow or 

deposition. Computed soil loss values are not especially sensitive to slope length and 

differences in slope length of + or – 10% are not important on most slopes, especially 

flat landscapes. 

Slope lengths are best determined by visiting the site, pacing out flow paths, and 

making measurements directly on the ground. Obtain L by measuring perpendicular to 

the contour from the point of origin of overland flow to where deposition begins or 

runoff enters a well defined channel. Contour maps having intervals greater then 
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0.61m should be used cautiously, if at all, to determine slope lengths. Slope length 

values are generally too long when contour maps are used to choose slope length. 

Slope lengths usually do not exceed 121.92m Slope lengths longer than 304.80 m 

should not be used in MUSLE because the reliability of MUSLE at these long slope 

lengths is questionable, and flow becomes concentrated on most landscapes before 

such long slope lengths (Renard et al., 1997).These includes; using the formula: 

 LS = (flow accumulation * DEM cell resolution/22.13)0.6 * (sin (slope * 

0.01745)/0.09)1.3 and LS = λ 0.3/22.1/22.1)*(S/9)1.3.  

For this study calculating LS factor by using DEM after preparing the flow direction 

and flow length of the following formula (Equation 9) was used. 

       LS = (λ 0.3/22.1) * (S/9)1.3                  (9) 

       LS = (pow (flow length, 0.3)/22.1) * pow (slope/9, 1.3) 

      Where; λ = Flow length, S = Slope in percent 

The LS value is considered to have values between 0.02 - 48 for Ethiopian condition 

(Hurni, 1985).  

                        2.3.4 Cover Management Factor (C) 

C is the cover-management factor which is used to reflect the effect of cropping and 

management practices on erosion rates. It is the factor used most often to compare the 

relative impacts of management options on conservation plans. The C-factor indicates 

how the conservation plan will affect the average annual soil loss and how that soil-

loss potential will be distributed in time during construction activities, crop rotations 

or other management schemes. 

The C-factor is based on the concept of deviation from a standard, in this case an area 

under clean-tilled continuous-fallow conditions. The Soil Loss Ratio (SLR) is then an 
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estimate of the ratio of soil loss under actual conditions to losses experienced under 

the reference conditions. 

"C" represents the effects of plants, soil cover, soil biomass, and soil disturbing 

activities on‘erosion. MUSLE uses a sub factor method to compute soil loss ratios, 

which are the ratios at any given time in a cover management sequence to soil loss 

from the unit plot. Soil loss ratios vary with time as canopy, ground cover, roughness, 

soil biomass and consolidation change. A "C" factor value is an average soil loss ratio 

weighted according to the distribution of R during the year.  

Roughness is reduced in MUSLE as a function of cumulative rainfall after the last 

tillage operation. Roughness also indicates the degree of cloudiness and the likelihood 

that the surface will seal, producing increased runoff and soil erodibility. Accounting 

for roughness, such as with the plow plant tillage system, is one reason some C values 

are lower with MUSLE (Hurni, 1985).  

             2.4 Model Efficiency 

There are many methods to asses and evaluate the accuracy of results produced by the 

model. The calibration and the validation were carried out using the Coefficient of 

Determination (R2) and three commonly statistic coefficients, these statistic operators 

are Nash-Sutcliffe Efficiency index (NSE), Percent Bias (PBIAS) and RMSE-

observations standard deviation ratio (RSR) (Neitsch, 2002b). 

          2.4 .1 Coefficient of Determination (R2) 

It is a good method to signify the consistency among observed and simulated data by 

following a best fit line. It ranges from 0 to 1.0 with higher values indicating less error 



16 
 

variance, and values greater than 0.50 are considered more acceptable (Arnold, J. G., 

1980). 

        R2 = [      
   

   
        

     
   

   
         

 ]                   (10) 

Where Yi
obs is the ith observation (stream flow), Yi

sim is the ith simulated value, Ymean 

is the mean of observed data and n is the total number of observations. 

         2.4 .2 Nash–Sutcliffe Efficiency (NSE) 

NSE is a normalized statistic method used for the prediction of relative amount of 

noise compared with information. It is presented by Nash and Sutcliffe and is 

calculated from the following equation: 

NSE = 1-  
     

   
   

        

     
   

   
         

]                    (11) 

Where Yi
obs is the ith observation (stream flow), Yi

sim is the ith simulated value, Ymean 

is the mean of observed data and n is the total number of observations. 

NSE ranges from -1 and 1.0 (1 inclusive), with NSE= 1 being the optimal value. 

Values between 0.0 and 1.0 are generally viewed as acceptable levels of performance. 

Generally, the model simulation is considered as satisfactory if   NES> 0.5( Neitsch, 

(2002b)). 

        2.4 .3 RMSE (Root Mean Square Error)  

 Root-mean-square error (RMSE) is a frequently used measure of the differences 

between values predicted by a model or an estimator and the values actually observed. 
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RMSE (Root Mean Square Error) is one of the commonly used error index statistics 

RMSE using the observations standard deviation and it combines an error index 

(Moriasi et al., 2007).  

RMSE= [      
   

   
       ) 2]                       (12) 

                2.4 .4 Standard Deviation 

Standard deviation is a measure that is used to quantify the amount of variation 

or dispersion of a set of data values. A standard deviation close to 0 indicates that the 

data points tend to be very close to the mean (also called the expected value) of the 

set, while a high standard deviation indicates that the data points are spread out over a 

wider range of values. 

STDEVobs=       
   

   
        )2 ]                                         (13) 

Where Yi
obs is the ith observation (stream flow), Yi

sim is the ith simulated value. 

          2.4 .5 RMSE-Observations Standard Deviation Ratio (RSR) 
Based on the recommendation by (Moriasi et al. 2007) a mode evaluation statistics, 

named the RMSE-observations standard deviation ratio (RSR) was developed. RSR is 

computed as shown in Eq. (14) as follows: 

 

    RSR=      

          
                                      (14) 

The range from 0 which is the optimal value to 0.5 for RSR means a very good 

performance rating for both calibration and validation periods. The lower value of 

RSR indicates the lower of the root mean square error normalized by the observations 

standard deviation which indicates the rightness of the model simulation.   

https://en.wikipedia.org/wiki/Statistical_dispersion
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   2.5 Calibration, Validation and Uncertainty Analysis  

Watershed models like SWAT contain many parameters; these parameters are 

classified into two groups: physical and process parameters. A physical parameter 

represents physically measurable properties of the watershed and whereas process 

parameters represent properties of the watershed which are not directly measurable. 

Hence in order to utilize any predictive watershed model for estimating the 

effectiveness of future potential management practices, one needs to select values for 

the model parameters so that the model closely simulates the behavior of the study 

site. The objective of calibration is the estimation of values for those model 

parameters, which cannot be accessed directly from field data. As such calibration can 

be viewed upon as some kind of parameter estimation designed to reduce the 

uncertainty in the estimates of process parameters, but also of poorly defined physical 

parameters. Three types of calibration procedures can be differentiated: (1) Trial-and-

error, manual parameter adjustment, (2) automatic, numerical parameter optimization 

by minimization of the misfit objective function or, (3) a combination of the two, 

whereby manual calibration alone is very tedious, time consuming, and requires some 

experience of the user. For this reason automated calibration methods are increasingly 

being used, although recommended that a combination of the model calibration 

procedures as the best approach. 

The watershed model SWAT provides also the option to perform automatic 

calibration of its model parameters. The technique implemented in SWAT is based on 

the Shuffled Complex Evolution algorithm developed at the University of Arizona 

(SCE-UA). SCE-UA is a global search algorithm that minimizes a single objective 

function, i.e. the misfit function of the sum of the squared errors between the observed 

and modeled quantity, for up to 16 model parameters, SCE-UA has been generally 
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found to be a robust and efficient and has been applied with success to SWAT for the 

estimation of hydrologic parameters, as well as hydrologic and water quality 

parameters (Harmel, 2006). 

For the evaluation of the calibration and validation performance of the model two 

statistical parameters, namely R² = the squared correlation coefficient between the 

observed and simulated output, which in SWAT is usually the stream flow, and NSE 

= the Nash-Sutcliffe efficiency parameter, are evaluated. Values of R² > 0.5 and NSE 

> 0.5 for the calibration of the daily and monthly simulated stream flow are usually 

considered as adequate for an acceptable calibration (Gupta, 1998). 

                  2.6 Sensitivity Analysis 

Sensitivity analysis describes how model output varies when given input variables are 

varied. It allows, in a particular, identify those model parameters that exert the highest 

influence on model calibration or on model predictions. The model sensitivity is 

defined as the ratio of the change in model output to a change in parameter input. 

Sensitivity analysis and calibration are usually difficult with a large number of 

parameters. Thus, one important aim of parameter sensitivity analysis is to reduce the 

number of input parameters, thereby reducing the computation time for the calibration 

(Harmel, 2006). 

  2.7 Impact of Climate Change and Variability on Water Sources 

 2.7.1 Causes of Climate Change 

Climate change may be due to both natural and anthropogenic forcing (ex. increase in 

concentrations of greenhouse gases). Historically, natural factors such as volcanic 

eruptions, changes in the Earth's orbit, and the amount of energy released from the 
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Sun have affected the Earth's climate. Beginning late in the 18th century, human 

activities associated with the Industrial Revolution have also changed the composition 

of the atmosphere and therefore very likely are influencing the Earth's climate 

(IPCC).The IPCC (2007) report, concluded that most of the observed warming over 

the last 50 years was likely due to the increase in greenhouse gas concentrations. The 

radiative forcing of climate system is dominated by the long lived green house gases 

(GHG). The green house gases include carbon dioxide (Co2), methane (Ch4), nitrous 

oxide (N2O), and halocarbons. Carbon dioxide (Co2) is the most dangerous 

anthropogenic GHG. Global GHG emissions due to human activities have grown 

since pre-industrial times, with an increase of 70% between 1970 and 2004 (IPCC, 

2007). Global increase in Co2 concentrations is primarily due to fossil fuel use, with 

land-use change providing another significant contribution. The increase in Ch4 

concentration is predominantly due to agriculture and fossil fuel use. The increase in 

N2O concentration is primarily due to agriculture. Changes in the atmospheric 

concentrations of GHGs and aerosols, land cover and solar radiation alter the energy 

balance of the climate system and are drivers of climate change. They affect the 

absorption, scattering and emission of radiation within the atmosphere and at the 

Earth’s surface. The resulting positive or negative changes in energy balance due to 

these factors are expressed as radiative forcing, which is used to compare warming or 

cooling influences on global climate (IPCC, 2007). 

                2.7.2 Climate Variability and Water Sources 

The most dominant climate drivers for water availability are precipitation, 

temperature and evaporative demand (determined by net radiation at the ground, 

atmospheric humidity and wind speed, and temperature). Temperature is particularly 

important in snow-dominated basins and in coastal areas, the latter due to the impact 
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of temperature on sea level (sea-level rise due to thermal expansion of water) (IPCC, 

2007). In short, the total annual river runoff over the whole land surface is projected 

to increase, even though there are regions with significant increase and significant 

decrease in runoff. However, increased runoff cannot be fully utilized unless there is 

adequate infrastructure to capture and store the extra water. Over the oceans, a net 

increase in the term, evaporation minus precipitation‟ is projected. Water is involved 

in all components of the climate system. Therefore, climate change affects water 

through a number of mechanisms. Although climate change is expected to affect 

many sectors of the natural and man-made sectors of the environment, water is 

considered to be the most critical factor associated with climate change impacts. 

Therefore, it is very important to create an equilibrium climate state that the average 

net radiation at the top of the atmosphere is zero. A change in either the solar 

radiation or the infrared radiation changes the net radiation. The corresponding 

imbalance is called radiative forcing. Changes in river flows, as well as lake and 

wetland levels, due to climate change depend primarily on changes in the volume and 

timing of precipitation and, crucially, whether precipitation falls as snow or rain. 

Changes in evaporation also affect river flows (IPCC, 2007).  

     2.7.3 Change and Variability of Climate in Ethiopia  

Climate change is a change in the state of the climate that can be identified by 

changes in the mean and the variability of its properties and that persists for an 

extended period, typically decades or longer. Since climate change is likely to have 

impact on the hydrological cycle and consequently on the available water resources 

and agricultural water demand. Furthermore, industrialization and the extended use of 

fossil fuels have lead to a great increase in the atmospheric concentrations of 

greenhouse gases. With respect to the relations between the hydrological cycle and 
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the climate system, every change on the climate could affect parameters such as 

precipitation, temperature, runoff, stream flow, groundwater level, and this leads to 

not only change in the crop water requirement in agriculture but also industrial and 

domestic water consumption and demand will also change. As it is seen in the past 

decade, climate has huge influence to impose on the water sources and availability by 

bringing seasonal shift to the rainfall pattern and changing the magnitudes of the 

hydrologic components (Oziranski, 2009).  

According to the Ethiopian National Meteorological Agency (NMA, 2001) study for 

42 meteorological stations, the country has experienced both dry and wet years over 

the last 50 years. Trend analysis of the annual rainfall showed there was a declining 

trend in the northern half of the country and southern Ethiopia while there is an 

increasing trend in the central part of the country. However, the overall trend in the 

entire country is more or less constant.   The study of NMA at the same year for 40 

stations showed that there have been very warm and very cold years. However the 

general trend showed there was an increase in temperature over the last 50 years. The 

average annual minimum temperature over the country has been increasing by about 

0.250c every ten years while average annual maximum temperature has been 

increasing by about 0.10c. The study also noted that the minimum temperature is 

increasing at a higher rate than the maximum temperature. Associated with rainfall 

and temperature change and variability, there was a recurrent draught and flood 

events in the country. There was also observation of water level rise and dry up of 

lakes in some parts of the region depending on the general trend of the temperature 

and rainfall pattern of the regions.  

             



23 
 

  2.8 Hydrological Process 

The hydrologic cycle is the central focus of hydrology. The cycle has no beginning or 

end, and its many processes occur continuously. As Shown schematically in figure 

below water evaporates from the oceans and the land surface to become part of the 

atmosphere; water vapor is transported and lifted in the atmosphere until it condenses 

and precipitates on the land or the oceans; precipitated water may be intercepted by 

vegetation, become overland flow over the ground surface infiltrated; in to the 

ground, flow through the soil as subsurface flow, and discharge into streams as 

surface runoff. Much of the intercepted water and surface runoff returns to the 

atmosphere through evaporation. The infiltrated water may percolate deeper and 

eventually recharge to ground water, later emerging in spring so seeping into streams 

to form surface runoff, and finally flowing out to the sea or evaporating into the 

atmosphere as the hydrologic cycle continues (Chow et al., 1988). 
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            Fig. 2  Hydrological cycle of a basin. (Source: Loucks, 2005) 

     2.9 Impact of Land Use/Land Cover Change on Watershed 

Land use/ land cover is one of the most important factors that affect hydrological 

condition. Human health and welfare, food security and industrial developments are 

dependent on adequate supplies of suitable water; however, water resources are finite 

in space and time and affected by many parameters. One of the parameters that affect 

the volume of water flowing in a watershed is land-use and land-cover of the 

watershed area. Hence, investigating the relationship between land-use/land cover and 
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the hydrological condition (runoff volume, peak runoff rate, and total sediment yield) 

of the area enables us to know how the quantity of water flowing to the reservoir is 

changed with the change of land use ( Maidment, 1993a). Agricultural chemicals are 

used and some become pollutants through use, misuse, or ignorance. Non-point 

source (NPS) Pollutants from agriculture has a huge effect on water quality, lakes, 

rivers, wetlands, estuaries, and ground water. Agricultural NPS can be caused by 

poorly managed animal feeding operations, overgrazing, plowing, fertilizer, and 

improper, excessive, or badly timed use of pesticides. Land use and land cover 

practices have a major impact on natural resources including water, soil, nutrients, pla

nts and animals. Land use information can be used to develop solutions for natural 

resource management issues such as salinity and water quality. For instance, water 

bodies in a region that has been deforestated or having erosion will have different 

water quality than those in areas that are forested. Forest gardening, a plant-based 

food production system is believed to be the oldest form of land use in the world 

(Maidment 1993a). 

The effects of improper land use /land cover change are: 

 The reduced downstream river flow may cause 

 Disappearance of ecologically and economically important wetlands 

 Reduced availability of industrial, municipal, household, and drinking water 

 Reduced shipping routes. Water withdrawal poses a serious threat to the area 

 Reduced discharge into the sea, which may have various consequences like 

coastal erosion 

 The soils tend to dry out because there is no longer shade, and there are not 

enough trees to assist in the water cycle by returning water vapor back to the 

environment 

https://en.wikipedia.org/wiki/Natural_resources
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 Increased evaporation in the watershed area. 

 Inducing atmospheric instabilities and increasing downwind rainfall, or in 

other cases modifies the atmospheric circulation, delivering rain to different 

downwind areas. 

   2.10 Impact of Soil Erosion and Sedimentation on Watershed 

Soil erosion and sedimentation are interrelated each other at different stages in the 

loss of soil from upland regions. Soil erosion is the removal of soil by water, wind and 

gravity. Soil erosion by water involves the detachment; transport and deposition of 

soil particles by the erosive forces of rainfall and snow melt runoff. This can be in the 

form of splash, sheet, rill, or gully erosion. 

Soil particles will detach and then splash into the air as rain drops strike the soil. Rain 

water infiltrates into the soil at a rate controlled by the intensity of the water hitting 

the surface and infiltration capacity of the soil profile. When soil becomes saturated, 

surface ponding of water will be initiated. When surface accumulated water is 

sufficiently deep, it induces surface runoff or overland flow that transports dissolved 

or suspended soil particles, causing the process of sediment entrainment or transport 

to the outlet of a watershed ( Debele , 2006). Changes in stream channel factors, such 

as stream geometry (width, depth, slope etc), can reduce flow velocity causing some 

of the soil particles to be deposited as flows lose their capacity to carry the sediment. 

Sediment-transport rates are a function of flow hydraulics, bed composition, and 

upstream sediment supply. Sediment yield and sediment load are the most commonly 

used terms to describe the watershed response to soil erosion. Sediment yield is the 

amount of eroded soil that is delivered to a point in the watershed that is usually 

remote from the origin of the detached soil particles. It includes the erosion from 
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slopes, channels, and mass wasting (slumping, sliding, falling soils), minus the 

sediment that is deposited after it is eroded but before it reaches the point of interest 

(Debele, 2006).  

Sediment deposition is a key factor reducing the life of dams around the world. This 

mechanism has significant effect on the reservoir capacity of the erected hydraulic 

structure due to the sedimentation process, which in thus leads to decrease and 

shortage of water supply for agricultural and non-agricultural applications to the 

surrounding communities. Reservoirs around the world are losing on average about 

one percent of their storage capacity annually (AAWSA, TAHAL( 2000)), causing 

serious problems for water and electricity supply, flood control but also for ecosystem 

development up-and downstream of large dams. Sediment loss rate can be difficult to 

measure accurately, because they are highly variable spatially and influenced by many 

factors. Reservoirs are expensive to build and their construction usually also entails 

high social and environmental costs. 

 Modeling is, therefore, a very useful tool for extrapolating available measurements 

and predicting sediment inputs to river systems under different conditions. Process-

based mathematical models are becoming popular in predicting runoff, soil erosion 

and sediment yield for different climates with varying land-use and management 

practices.  
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                         Chapter Three        

                   3. Materials and Methods of the Study 

                 3.1 Description of Study Area 

                       3.1.1 Geographical Location  

The study area was conducted on the Watershed of Legedadi Reservoir, which is 

located about 30 km east of Addis Ababa. The Watershed of Legedadi Reservoir is 

located in Oromia Regional State under the administration of North Western Shoa 

Zone in Aleltu Bereh district, Sendafa town. Legedadi Reservoir is constructed in 

1967 for harvesting run-off water during the rainy seasons. Its Watershed is bounded 

by latitude 9o96' N – 10o2'N and longitude 49o 00' E - 50o8' E and elevations range 

from 2, 400 to 3,250 m.a.s.l. In general, the Watershed has a total area of 205 km2. 

One of the major sources of drinking water for Addis Ababa city and its environs 

.Legedadi water supply reservoir is administered by Addis Ababa Water and 

Sewerage Authority (AWSA). 
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                                             Fig. 3 Location of study area                          

                                    3.1.2 Accessibility  

The Addis Ababa-Dessie main asphalt road runs west east across the central part 

of the Watershed of Legedadi Reservoir area .Dry  weather road, which runs cross 

the Watershed of Legedadi Reservoir from south to north. Besides these, there are 

foot paths from different villages that join Addis Ababa-Dessie road on the 
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Watershed   area. Except the eastern part, which is mountainous, the rest of the 

reservoir area is accessible by four-wheel drive vehicles. 

 

                         Fig. 4 Accessibility of study Area 

                      3.1.3 Climate of Study Area 

The area is located in the upper north-western narrow part of the Awash Basin and 

close to the region of Addis Ababa. It has a subtropical highland climate and has 

 a complex mix of highland climate zones. The weather is relatively cool in the wet 

season of June to September when the main rain falls, at this period coincides with 

https://en.wikipedia.org/wiki/Highland_climate
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summer, but the temperatures are much lower than at other times of the year due to 

the frequent rain and the abundance of cloud cover and fewer hours of sun shine. 

Rainfall usually occurs in the form of localized thunderstorms due to convective 

heating of the air masses during the day and rapid cooling at night. 

        ¡) Temperature 

According to Ethiopian Meteorological Agency data, Monthly average minimum 

temperature range is between 7oc and 10oc and monthly average maximum temperatur

e range is between 21oc and 24.5oc for the years 1985-2015. At Sendafa station, the 

temperature data is unavailable but, based on the other stations close to study area 

(Addis Ababa Observatory, Sululta and Addis Ababa Bole), Monthly average 

minimum temperature registered is 7.01 oc in the month of November and monthly 

average maximum temperature registered is 24.37oc in the month of February. 

Table.2 Monthly average maximum and minimum temperature (0c) . 

 

  

 

 
 
 
 
 
 
 
 
 

1985-2015 

Months 
Monthly average max. 

tmp. in oc 
Monthly average 

min.tmp. in oc 
Jan 24.25 8.08 
Feb 24.37 8.75 
Mar 24.29 8.93 
Apr 23.43 9.31 
May 22.71 9.92 
Jun 21.99 9.35 
Jul 21.92 8.86 
Aug 22.16 7.97 
Sep 22.35 7.59 
Oct 22.61 7.14 
Nov 23.09 7.01 
Dec 23.76 7.50 



32 
 

 

    Fig.5 Monthly average temperature (0c) of study area for 30 years. 

                 ¡¡)  Rainfall 

Meteorological data, which is collected from Ethiopian Meteorological Agency  

Proximity close to the study area (Addis Ababa Bole, Addis Ababa observatory, 

Sendafa, sululta and chefe-donsa), indicate that the minimum rainfall is occurring in 

dry season  from the months October to May and the maximum rainfall is occurring 

from June to September (see below the table  3 ). The main cause of the rainfall in this 

region is the southward migrating inters Tropical Convergence Zone (ITCZ) and 

westward propagating disturbance from the Indian Ocean (Andualem Gessese, 2008).  
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Fig. 6 Monthly average rainfall (mm) of study area for 30 years 

      Table 3. monthly Average rain fall (mm) 
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   3.1.4   Sub Watershed of Legedadi Reservoir 

Drainage area also called watershed area is the area of land draining into a stream at a 

given location. Watershed of Legedadi Reservoir area is located in the upper north-

western narrow part of the Awash Basin. The main sub watersheds are: 

Lege Beri Sub watershed 

         Sekoru Sub watershed,  

Lege Bolo Sub watershed and  

Sendafa Sub watershed.   

 

Fig.7 Sub watershed of Legedadi Reservoir (Source: Andualem Gessesse, 2008) 
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                      3.1.5 Soil Types of Study Area  

According to FAO (1986) soil classification major soil types of the area are four types 

of Soils in the Watershed. These soils are Vertisols, Leptosol, Luvisol and Cambisol. 

Vertisol is the dominant soil type which, is found in almost all parts of the watershed. 

(See below at soil map 8). 

 

                      Fig.8 Soil map of the study area 
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           Table 4 Soil type of study area  

 

           

 

                  Fig. 9 study area soil pie chart 

Leptosols: are very shallow soils over continuous rock and soils that are extremely 

gravely and/or stony. Leptosols are by far the most extensive group of soils in the 

8600.13, 35% 

1682.82, 7% 

150.84, 1% 

10758.42, 44% 

852.75, 3% 

959.31, 4% 
1578.6, 6% 

Area(ha) 

Pellic Vertisols IVRpe_1 

Umbric Leptosols 
VILPum_4 
Chromic Luvisols ILVcr_2 

Pellic Vertisols IVRpe_2 

Umbric Leptosols 
VIIPum_5 
Chromic Cambisol 
VCMcr_3 
Chromic Luvisols VLVcr_3 
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world. Leptosols are zonal soils and particularly common in mountainous regions 

and in areas where soil has been eroded to the extent that hard rock comes near to 

the surface. Other (minor) occurrences are along rivers where gravely deposits 

have accumulated without substantial admixture of fine earth material. Soils which 

are either limited in depth by continuous hard rock within 25 cm from the soil 

surface, or overly (FAO, 2002). 

Vertisols: are churning, heavy clay soils with a high proportion of swelling clays. 

The Vertisols at the experimental watersheds are the deep black soils and 

belonging to the very fine clay. The soil is self-mulching and exhibits cracking, 

swelling and they become hard when dry and sticky when wet. Because of the 

prevailing 2:1 clay type and the relatively high clay content, the soils are usually 

imperfectly drained during the wet periods in the rainy season and they have a very 

low saturated hydraulic conductivity (FAO, 2002). 

Cambisols: are soil group of the Cambisols holds soils with incipient soil 

formation. Beginning transformation of soil material is evident from weak, mostly 

brownish discoloration and/or structure formation below the surface horizon. 

Most Cambisols are medium-textured and have a good structural stability, a high 

porosity, a good water holding capacity and good internal drainage and have a neutral 

to weakly acid soil reaction, a satisfactory chemical fertility and an active soil fauna 

(FAO, 2002). 

Chromic Luvisols: is one of the 30 soil groups in the classification system of the 

(FAO). The mixed mineralogy, high nutrient content, and good drainage of these soils 

make them suitable for a wide range of agriculture, from grains to orchards to 

vineyards. Luvisols form on flat or gently sloping landscapes under climatic regimes 

that range from cool temperate to warm. Luvisols are technically characterized by a 
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surface accumulation of humus overlying an extensively leached layer that is nearly 

devoid of clay and iron-bearing minerals. Below the latter lies a layer of mixed clay 

accumulation that has high levels of available nutrient ions comprising calcium (FAO, 

2002). 

             3. 1.6 Land Use/Land Covers of the Study Area 

The major land use types of the watershed are: settlements, forest (Eucalyptus 

plantation), cultivated land, grazing land, bare land and water bodies. Cultivated field 

and other land use categories are not well protected from water erosion by any soil 

and water conservation measures. According to Bereh Wereda Agriculture and Rural 

Development Office, almost all cultivated land of the watershed is used for annual 

crops cultivation. The major crops grown in the watershed includes Wheat, Barley, 

Teff and Beans and Livestock species raised cattle, Horse, Donkey, Sheep and Goat 

are Common in the area. 

               3. 1.7 Topography of the Study Area 

The altitude of the catchment area ranges from 2,398 to 2,908 m.a.s.l. The major 

physiographic units found in the catchment area are: mountains, dissected side slopes 

of mountains, hills, steep to undulating foot-slopes, gullies, valleys, and undulating 

plains and flat to almost flat plains. The dominant landscapes of Watershed of 

Legedadi Reservoir area are flat, gently undulating plains and mountainous. 

https://www.britannica.com/science/humus-soil-component
https://www.britannica.com/science/clay-geology
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                         Fig. 10 Topography of the study area 
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                          3.2 Input Data 

  3.2.1 Temporal Data Sets (Meteorological Data, Hydrological       

                                Data) 

             3. 2.1.1 Meteorological Data 
Based on the objective of the study, Climatic input data used by the  SWAT include 

daily precipitation, maximum and minimum temperature, wind speed and relative 

humidity data and wind which can be  measured for the period 1985–2015 were 

collected  from  Ethiopian National Meteorological Agency (NMA) weather stations 

nearby the study area. Ethiopian National Meteorological Agency (NMA) classified 

meteorological stations into four each identified by a code. Code one stations ( 

primary stations ) are stations at which observation such as rainfall, relative humidity, 

maximum and minimum temperature, wind speed and sunshine duration were taken 

every three hours. For stations categorized under code two (synoptic stations) are 

those in which observation such as measuring rainfall, relative humidity, maximum 

and minimum temperature, wind speed and sunshine duration were taken every 24 

hours. Stations under code three (ordinary stations) are those only daily rainfall and 

daily maximum and minimum temperatures are observed. The rest which are 

categorized under station code four are recording only daily rainfall amount. 

SWAT model requires daily weather data; however there are only few meteorological 

stations having full and long record of the data. Once collected, the daily values were 

rearranged, using excel, and converted to dBase format. The daily values are used in 

the Weather Station into the SWAT Input menu. In this study the weather generator 

algorithm in SWAT were used to fill in the missing data in daily rainfall, minimum 

and maximum temperature and relative humidity data. In daily rainfall, maximum and 
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minimum temperature have missing data as which have been represented by -99 so 

that SWAT filled in the gap. See below in table 5.  

              Table.5 Metrological stations for the study area. 

 

                          3. 2.1.2 Hydrological Data 

Stream flow data of Mitincha River were collected for the years 1989-2012 After 

2012 the data was un available .Before the data were used; missing value were 

checked . Mitincha River flow data was obtained from the Ministry of Water, 

irrigation and electricity of Ethiopia, Department of Hydrology .These daily flow data 

used for model calibration (1989 – 2000) and validation (2001-2012). The observed 

stream flow data were used to study hydrological process and their relation by using 

SWAT for Watershed of Legedadi Reservoir. They were also used to find 

hydrological model parameters of SWAT and to see their relation with the watershed 

characteristics. 

       Table. 6 Location of mutinch river gauge station  
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              Fig .11 Location of Mutincha Gauge station map      

                         3.2.2 Spacial Data Sets    

       3.2.2.1 Digital Elevation Model (DEM) Data  

Topography is defined by a DEM that describes the elevation of any point in a given 

area at a specific spatial resolution as a digital file. A 30 m by 30 m resolution DEM 

was downloaded from SRTM (Shuttle Radar Topography Mission) is used in a tif file 
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format.  The watershed delineation, analyzing drainage patterns of the land surface 

terrain, determination of the hydrological parameters of the watershed such as slope, 

flow accumulation, direction and stream network are among the function of DEM. 

Each of the sub-watersheds was partitioned into Hydrologic Response Units (HRUs) 

that consist of homogeneous land use, Slope and soil characteristics. Before the DEM 

data was loaded in to Arc SWAT interface, it was projected into projected coordinate 

system. The projection of the DEM data was done using the Arc tool box operation in 

Arc GIS 10.3 the projected coordinate system parameters of Ethiopia (study area) are: 

UTM, Adindan UTM zone 37N. 

SWAT allows the user to delineate the watershed and sub basins using the Digital 

Elevation Model (DEM).This tool used and expands ArcGIS and Spatial Analyst 

extension functions to perform watershed delineation (Neitsch,2002b).The threshold 

area defines the minimum drainage area required to for the origin of a stream. The 

size and number of sub basins and details of stream network depends on this threshold 

area.  
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Fig. 12 Digital Elevation Model (DEM) map of study area             

            3.2.2.2 Land Use Land Cover Data 

Land use land cover are one of the spatial input data required by SWAT were 

collected from MWIE at GIS department in the form of shape file format with the 

scale of 1:1,000,000, which is done by Halcro for Awash basin Master Plan 

Project was used as a benchmark in producing land cover/land use map of the 

study area. The most important factors that affect runoff, evapo-transpiration, 
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surface erosion, sedimentation in a catchment are land use/cover.  A look up table 

that identifies the letter SWAT code for the different categories of land use/land 

cover were prepared so as to relate the grid values to SWAT land cover/land use 

classes. 

                     3.2.2.3 Soil Data 

SWAT requires different soil textural and physico-chemical properties such as soil 

texture, available water content, hydraulic conductivity, bulk density, Ph and organic 

carbon content for different layers of each soil type. The data was acquired from 

Oromia Water works, Design and Supervision Enterprise in the form of shape file 

format with the scale of 1:50,000. The data is shown in the appendix I. 

                   3.3 Methodology 

                         3.3.1 SWAT simulation Setup 

SWAT is a comprehensive model that requires information provided by the user to 

simulate runoff and soil erosion. The simulation setup involved some steps: data 

preparation, sub basin discretization, HRU definition, parameter sensitivity 

analysis, calibration and validation. The required spatial data sets were projected to 

the same projection called Adindan UTM Zone 37 N, which is the transverse 

Mercator projection parameters for Ethiopia, using ArcGIS 10.3. The user has the 

option of allowing SWAT to automatically delineate the watershed and sub- basins 

using the Digital Elevation Model (DEM) or the user can provide predefined sub-

basins. The land area in a sub basin was divided into hydrologic response units 

(HRUs). Hydrologic response units (HRUs) were portions of a sub basin and 

possess unique land use, slope range, and soil attributes (Neitsch et al., 2004). The 



46 
 

Land use/Land cover spatial data were reclassified into SWAT land cover/plant 

types. A user look up table was created that identifies the SWAT code for the 

different categories of land use/ land cover on the map as per the required format. 

The Arc SWAT interface allows the user to fix the number of sub basins by 

deciding the initial threshold area. The threshold area defines the minimum 

drainage area required to form the origin of a stream. Subdividing the sub 

watershed into areas having unique land use, soil and slope combinations makes it 

possible to study the differences in evapo-transpiration and other hydrologic 

conditions for different land covers, soils and slopes. The land use, soil and slope 

datasets were imported overlaid and linked with the SWAT data bases. 

                   3.3.2 Watershed Delineation 

SWAT allows the user to delineate the watershed and sub-basins using the 

Digital Elevation Model (DEM). This tool uses and expands Arc GIS and Spatial 

Analyst extension functions to perform watershed delineation (Neitsch S. L., 

2002a).The DEM of the area is loaded into an ESRI (Environmental System 

Research Institute) grid format. Stream network was defined for the whole DEM 

by SWAT using the concept of flow direction and flow accumulation. Before 

defining the stream network, the model processes the DEM map grid to remove all 

the non- draining zones (sinks). To  define  the  origin  of  streams  a  threshold  

area  was  defined.  The size and number of sub basins and details of stream 

network depends on this threshold area. The threshold area was taken to be 

493ha.The threshold area, or critical source area, defines the minimum drainage 

area required to for the origin of a stream. The watershed outlet is added and 

selected for finalizing the watershed delineation. With this information the 

simulation automatically produced 23 sub basins. See below in the table 7. 
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                   Table. 7 Watershed of  Legedadi Reservoir sub-basin values 
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             Fig. 13 Study area Watershed Sub-basin map  

                3.3.3    Model Calibration 

Evaluation of the hydrologic model behavior and performance is commonly made and 

reported through comparisons of simulated and observed values .Flow calibration was 

performed for a period of 12 years from January 01, 1989 to December 31, 2000 for 

daily stream flow using the sensitive parameters. These years were selected based on 
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the availability of the data .All simulations ranging from lumped to complex 

distributed physically based needs to be calibrated, since it is difficult to estimate 

parameter values through field measurement. After setting up of the simulation, the 

simulations of stream flow, using the default parameter values were done for the study 

area catchments. The most sensitive parameter considered for automatic calibration 

with SWAT_CUP software was available for the best fit parameter sets are selected. 

Available water content (AWC), soil hydraulic conductivity (sol-k), soil evaporation 

compensation factor, initial SCS curve number II value, base flow alpha factor, 

threshold depth of water in the shallow aquifer for “revap” to occur (mm water/ mm 

soil), ground water “revap’’ coefficient, channel effective hydraulic conductivity 

(mm/hr) and threshold depth of water in the shallow aquifer for return flow to occur 

(mm).  

             3.3.4 Data Analysis and Interpretations  

After preparing data files and completing all simulation inputs, the simulation was 

done. The results were analyzed using arc GIS and SWAT. Calibration was performed 

by comparing the simulated and observed flow data .After achieving a reasonable 

value of calibration , hydrological parameters are used for validation. The validation 

had been done, thereafter to evaluate the performance of the simulation with 

calibrated parameters to simulate the hydrological functioning of the watershed over 

another time period. There are many methods to access and evaluate the accuracy of 

results of the simulation. The calibration and the validation are carried out using the 

Coefficient of Determination (R2) and three commonly statistic coefficients, these 

statistic operators were: Nash–Sutcliffe Efficiency index (NSE), and RMSE-

observations standard deviation ratio (RSR).  Coefficient of Determination (R2) it is a 

good method to signify the consistency among observed and simulated data by the 
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best fit line. It ranges from 0 to 1.0. With higher values indicating less error variance, 

and values greater than 0.50 are considered more acceptable.            

                   3.4 Materials 

Soil data shape file with scale 1:50,000, satellite images from Land sat SRTM of 30m 

× 30m resolution for the analysis of HRU, land use/land cover  vector  map with the 

scale of 1:1,000,000 have been used. For the whole analysis of this Arc Map, Arc 

Catalog/Arc GIS 10.3, SWAT-CUP and arc SWAT were used. Weather and flow data 

have been used for this study.  
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                                Chapter Four 

                  4. Results   and   Discussion 

              4.1 Hydrological Analysis 

                   4.1.1 Hydrological simulating 

The SWAT2012 model was assessed using the simulation result and the measured 

flow data. It was observed that the threshold area of 493 hectares produced 23 sub-

basins that accounts for the main drainage lines within the watershed as shown in 

chapter 3.  Results were a better representation of the hydrological processes.  

            4.1.2 Simulation Parameter Sensitivity Analysis 

The results of the Simulation output vs. the actual measurements, sensitivity analysis 

was carried out which was an important process in guiding the subsequent calibration 

process. The parameters selected were related to: runoff, groundwater, s lope ,  

LU LC and  soil processes, and thus influence the hydrology of the system .The 

sensitivity analysis was done for the whole simulation period with measured data 

record and Simulation output data. In this research, sensitivity analysis, which was 

incorporated in SWAT2012, is used to perform sensitivity analysis for all Simulation 

parameters. After set-up the SWAT2012 and   incorporating all the input parameters 

simulations were carried out and sensitivity analysis was run for the period 1989-

2012. The result of the analysis indicates that eight parameters namely; Curve number 

(CN), Soil Available Water Capacity (SOL_AWC), Threshold depth of water in the 

shallow aquifer (Gwqmn), Soil depth (SOL_Z), Soil Evaporation Compensation 

factor (ESCO), Effective hydraulic conductivity in main channel (ch_K2), 
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Groundwater coefficient (GW_REVAP) and Groundwater recession factor 

(ALPHA_BF) are the most crucial parameters. See below in table 8. 

      Table .8 Sensitivity parameters 

                   

               4.1.3 Hydrology (Flow) Simulation Calibration  

The comparison between the observed and simulated flow discharge values for 12 

years of simulations indicated that there is a good agreement between observed and 

simulated values for Watershed of Legedadi Reservoir. The results of the calibration 

indicate that the stream flow was well. 

                               Table .9 Flow calibrations 

 

                          

No. Parameters Max(mm) Min(mm) Description of parameters 

1 ALPHA_BF 1 0 Ground water recession factor 

2 GW_REVAP 0.2 0 Ground water ‘reva’ coefficient  

3 CH_K 0.17 0.13 Effective hydraulic conductivity in 
main chanal(mm/hr) 

4 SOL_Z 2000 0 Soil depth from the surface to the 
depth (mm) 

5 GWQMN 2 0 Threshold depth of water in the 
shallow aquifer(mmH2O) 

6 ESCO 0.95 0 Soil evaporation factor 

7 SOL_AWC(MM) 1 0 Available water capacity of soil 
layer(mmH2O/mm) 

8 CNII 0.2 -0.2 Runoff curve number moisture 
condition  
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    Fig. 14 Calibration results for mutincha gauged in January 01, 1989                     

                     to December 31, 2000 

                    4.1.4 Hydrology (Flow) Simulation Validation 

Validations of the simulation results are necessary to increase user confidence in 

simulation predictive capabilities. Thus, the simulation was validated with 

observed flow gauged data at the outlet of Mutincha River at the same location, for 

the period 2001 to 2012. A time-series plot of monthly watershed stream flow 

indicates an acceptable agreement between the measured and simulated. Monthly 

flow as indicated by the value of the Nash and Sutcliffe efficiency criteria. 

The overall performance of the simulation during validation has been measured 

using R2, Nash-Sutcliffe (ENS) and RSR. Resulting are 0.41, 0.46 and, 0.95 

respectively. 

          Table .10 Observed flow Validation 

Time Simulation Efficiency  

Validation  years 

 2001-2012 

R2 NSE RSR 

0.41 0.46 0.95 
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          Fig. 15 Validation results for Mutincha gauged in January 01, 2001- 

                         December 31, 2012 

The calibration and validation results of Watershed of Legedadi Reservoir 

demonstrate that NSE for monthly stream flow values ranges from 0.51 to 0.46. Based 

on the simulation performance criteria, the stream flow trend for both case are good. 

The residual variation (RSR) ranges from 1.0 to 0.95 and coefficient of correlation 

(R2) from 0.58 to 0.41. During calibration and validation indicates that the simulated 

residual variation as good in both validation and calibration periods. This represents 

the flow is available. 

The Fig. 15 shows that the fluctuation of flow based on the weather as we have seen 

at the graph in the months (Jun, Jul, Aug and Sep) are high flow value where as the 

rest of others are low flow value.          
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4.1.5 Watershed of Legedadi Reservoir Evapotranspiration                  

 4.1.5.1 Watershed of Legedadi Reservoir Annual Average  

               Evapotranspiration 

Evapotranspiration (ET) from the HRU during the time step (mm H2O) is important 

for sustainable water resources management in basin-scale. Evapotranspiration for the 

whole Watershed is calculated by using SWAT2012 automatically. Simulate results 

has done after combined the actual evapotranspiration for a single unit with a specific 

soil and land use and slope combination. The combination of two separate processes 

where by water is lost on the one hand from the soil surface by evaporation and on the 

other hand from the crop by transpiration is referred to as evapotranspiration (ET). 

 

           Fig 16 Watershed of Legedadi Reservoir annual average ET(mm) 

Fig.16 represents the annual average maximum value occurred in 1998 where as the 

minimum value occurred in 1992. It fluctuates from year to year. For the last two 

decades, Watershed of Legedadi Reservoir evapotrnspiration trend-line equation (y = 

-0.0005x + 0.3146) indicates that annual average evapotrnspiration decreased by 
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0.005 mm of water /year in the Watershed. Fluctuate of Evapotraspiration in 

Watershed of Legedadi Reservoir is contributed by natural and anthropogenic 

activities. Resulting fluctuate water balance in the Watershed. 

   4.1.5.2 Watershed of Legedadi Reservoir Annual Average 

                      Evapotranspiration Distribution  

As map in fig. 17, represents annual average distribution of Evapotranspiration in the 

Watershed is fluctuated from Sub-basin to Sub-basin .Most of the maximum value of 

ET is found in almost flat area of the Watershed because of plants, animals and water 

body factors. As an example Legedadi reservoir also close to the area which is 

occurred the maximum value of ET .The annual average maximum value of ET is 

288.86 mm of water /year at sub-basin 22 whereas annual average minimum value of 

ET is 59.68 mm of water/year at Sub-basin 10. See below in fig.17. 
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Fig. 17 Watershed of Legedadi Reservoir annual average Evapotraspiration (mm) 

                      distribution map  
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            4.1.6 Watershed of Legedadi Reservoir Surface Runoff  

       4.1.6.1 Watershed of Legedadi Reservoir Annual Average Runoff 

Surface runoff or overland flow is a flow that occurs along a sloping surface and it 

occurs whenever the rate of water application to the ground surface exceeds the rate 

of infiltration. It is the major component of the hydrologic cycle. The Surface runoff 

for the whole study watershed is calculated by using SWAT2012 automatically, 

Annual simulated results after computing Surface runoff for a single unit with a 

specific soil slope and land use land cover combination is shown in the appendix F 

and in fig.18. 

 

         Fig. 18 Watershed of Legedadi Reservoir annual average SUROFF.  

Watershed of Legedadi Reservoir runoff fully for a short period of time, usually 

during and after heavy rainfall events .The complex relationship between rainfall and 

runoff is influenced by many factors, such as watershed slope, land use land cover 

type and density, soil type and infiltration rate and natural and anthropogenic events. 

y = 0.0013x + 1.5053 
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Moreover, the quantity of runoff is strongly affected by urbanization and agricultural 

activity of the watershed .The runoff in the study area was increasing by 0.0013 mm 

of water/Year. As understand from the graph trend equation, y = 0.0013x+1.5053 

.The peak runoff occurs from July to September because of the rainy season as usual. 

The maximum value occurred in 1993, 1994, 2008 and 2010 where as the minimum 

value occurred in 1991, 1992, 2007 and 2009. 

    4.1.6.2 Watershed of Legedadi Reservoir Annual Average Runoff    

            Distribution  

Fig 19, indicates that the runoff produced by each cell in the watershed is relatively 

varied from Sub-basin to Sub-basin. There are many reasons for the variability in the 

amount of runoff such as density of forest, soil type, precipitation distribution aspect, 

and elevation.  Depending on surface runoff for the whole study watershed is 

calculated by using SWAT2012 automatically. The annual average maximum surface 

runoff is 654.27 mm of water/year at sub-basin 8 and annual minimum surface runoff 

is 518.86 mm of water/year at sub-basin 5, 9 and 13. The variation of these values 

may be due to the variation of precipitation distribution aspect, slope-length and land 

use land cover change for each sub-basin.  
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Fig. 19 Watershed of Legedadi Reservoir annual average Surface runoff (mm) distribution 

map  
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         4.1.7 Watershed of Legedadi Reservoir Ground Water        

                                 Contribution 

4.1.7.1 Watershed of Legedadi Reservoir Annual Average Ground                 

              Water Contribution 

Groundwater contribution to stream flow (mmH2O) is the water from the shallow 

aquifer that returns to the reach during the time step. Ground water contribution to 

stream flow from the HRU during the time step (mmH2O) is important for sustainable 

water resources management in basin-scale water balance. Groundwater contribution 

to stream flow in Watershed of Legedadi Reservoir is calculated by using SWAT2012 

automatically. The value is shown in the appendix F. 

 

     Fig.20 Watershed of Legedadi Reservoir annual average ground water contribution      

As shown from the fig. 20 above Watershed of Legedadi Reservoir groundwater 

contribution in the Watershed varies from years to years and fluctuates. In the study 

area, annual average Groundwater contribution  was increasing by 0.0158 mm of 
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water /year  as understand from the graph trend line equation, y = 0.0158x+ 0.4575. 

According to SWAT2012 automatic simulated results, the maximum value occurred 

in 2010 where as the minimum value occurred in 1994. See above in the Fig. 20. 

        4.1.7.2 Watershed of Legedadi Reservoir Annual Average 

            Ground Water Distribution 

The Fig.21 indicates that the ground water produced by HRU in the watershed is 

relatively variable from sub-basin to sub-basin. There are many reasons for the 

variability in the amount of groundwater such as density of forest, soil type, 

precipitation distribution aspect (climate variability), and land use land cover.  

According to SWAT2012 automatically, average simulated results after computing 

groundwater for a single unit with a specific soil, slope and land use land cover 

combination , annual average maximum groundwater is 413.76 mm of water  /year at 

sub-basin 3 and annual average minimum value of Groundwater is 110 mm of water  

/year at sub-basin22. See below in fig. 21. 
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 Fig.21 Watershed of Legedadi Reservoir Ground Water Distribution Map 
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                4.1. 8 Legedadi Reservoir Inflow Trend   

Based on the trend line equation y = 0.0107x + 0.5592, from the graph (a), represents 

the average annual inflow is increasing at the rate of 0.0107. This means inflow is 

increasing at the rate of 0.0107 m3/s/ year, for a period of 16 years (1989 to 2008) but 

as shown from the graph (b) trend line equation y = -0.189x + 1.2533, the annual 

average  inflow is  declined at the rate of 0.189 m3/s / year. This means inflow was 

decline at the rate of 0.189 m3/s / year, for a period of 4 years (2009 to 2012). Inflow 

trend from the reservoir during the time step (m3 of water) was fluctuating from year 

to year. As understand from automatic simulated result of SWAT2012, the maximum 

inflow occurred in 2003 while the minimum inflow occurred in 2012. See the graph 

below in fig. 22 (a) and 23(b). 

 

Fig. 22 (a) Of Legedadi Reservoir Annual Average Inflow m3/s/year 
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      Fig. 23 (b) Of Legedadi Reservoir Annual Average Inflow m3/s/year 

              4.1.9 Legedadi Reservoir Evaporation Trend  

The evaporation of Legedadi reservoir is calculated by using SWAT2012 

automatically. Simulation results are shown in the fig. 24. 

   Fig. 24  Legedadi reservoir annual average evap in mm 

Fig. 24 represents evaporation from the reservoir was fluctuating from year to year. 

As understand from the graph the annual average maximum value of evaporation is  
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131150.9  mm of water /year and the annual average minimum value of 21742.5mm 

of water /year in 2005 and 2006 respectively. Legedadi reservoir evaporation trend-

line equation (y = 672.26x + 57522) indicates that the annual average evaporation is 

increasing by 672.26 mm of water /year for the period of 1989-2012.  

                           4.2 Climate Data Analysis 

                 4.2.1 Rainfall Distribution and Runoff 

Sequential and spatial rainfall (precipitation) characteristics are very important factors 

that affect hydrological cycle and runoff generation. Rainfall distribution over the 

Watershed of Legedadi Reservoir is highly concentrated in the months June to 

September where as less consternation in the other months. Monthly average surface 

runoff in the whole watershed is calculated by using SWAT2012 automatically, 

simulated result graph is shown below at fig. 25 and simulated result value is shows in 

the appendix F. 

 

     Fig. 25 Legedadi watershed monthly average Rainfall and runoff  

As shown from the above fig.25, Watershed of Legedadi Reservoir, monthly average 

precipitation based on nearest weather station indicates that the amount of 
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precipitation between JUN to SEP are the maximum value because of wet season for 

the watershed and the other seasons are minimum values because of dry season for the  

watershed. 

In addition to the other factors such as soil infiltration, land use land cover change and 

slope-length, surface runoff is directly related to rainfall patters. The maximum value 

of surface runoff occurred at rainy season and the minimum value at dry season as 

shown above the graph in fig 25.Increased variability in rainfall may decrease 

groundwater recharge in the watershed area because more frequent heavy rainfall will 

affects the infiltration capacity of the soil, thereby increasing surface runoff. 

However, increased rainfall variability may increase groundwater recharge, because 

only high-intensity rainfalls are able to infiltrate fast enough before evaporating, and 

aquifers are recharged mainly by inundations during floods. 

             4.2.2 Rain Fall Distribution and Water Yield 

Monthly average water yield indicate that the average water yield produced by HRU 

in the watershed is varied and less in amount due to less rainfall in dry season, where 

as water yield produced by HRU in the watershed is high due to high precipitation 

due to rainy-season (Jun-September). There are some reasons for the variability in the 

amount of water yield, such as land use land cover change, soil type, surface runoff 

and ground water recharge. In addition to these factors precipitation distribution, 

aspect is greatest factor to decrease or increase the water yield in the watershed. See 

in fig. 26 below.  
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     Fig.26 Watershed of Legedadi Reservoir monthly average rainfall and water 

              yield  

                    

             4.3 Watershed of Legedadi Reservoir Sedimentation  

       4.3.1 Watershed of Legedadi Reservoir Annual Average    

                         Sedimentation 
Based on the trend line equation y = -0.0004x + 0.2192, from fig. 27, represents the 

annual average sediment was decreasing at the rate of 0.0004 ton/ha/year due to some 

management practices. The annual average maximum sediment yield occurred in 

1994 while the annual average minimum value occurred in1991.The sediment yield 

depends on the source of flow, in other words it depends on the physical parameters 

of the sub basins, rainfall, land use land cover and the contribution of these sub basins 

in stream flow reaching the reservoir. The quantity of sediment is a real threat of 

reducing the operational life of the Legedadi Reservoir by decreasing its active 

storage due to sediment load in the reservoir. 
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       Fig. 27 Legedadi watershed annual average SYLD graph 

    4.3.1.2 Watershed of Legedadi Reservoir Annual Average 

                          Sediment Yield Distribution  

Various characteristic of climate, topography, soil and land cover conditions are the 

cause of soil erosion in different sub-basins. It is very imperative for this study to 

determine the contribution of each sub-basin within Watershed of Legedadi 

Reservoir. The resulting annual average sediment yield originating from each sub-

basin is shown in the fig 28. Sub-basin that contributes the greatest amount of 

sediment is located at sub basin 2. The annual average maximum sediment load is 175

.28 ton/ha/year   and annual average  minimum 36.7ton/ha/ year in sub basin 2 and 22 

respectively.  The sediment yield is varies from sub-basin to sub-basin due to the 

variation of land use land cover, soil characteristics and area of slope-length and the 

variation of anthropogenic activities from sub-basin to sub-basin. In addition to these, 



70 
 

natural factors such as rainfall intensity, wind speed and runoff are contributions to 

vary sediment yield. 

 

   Fig.28 Watershed of Legedadi Reservoir Sediment Yield Distribution Map    
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 4.3.1.4  Legedadi Reservoir Annual Average Sediment Rates 

Fig. 29 represents sediment from the reservoir during the time step (m3 of water) was 

fluctuating from year to year. As understand from the graph the annual average 

maximum value of sediment yield has occurred in Q 2006 and the annual average 

minimum value has occurred in 1997. During long rains in the watershed between 

June to September soils are more exposed to erosion. For the last two decades 

Legedadi reservoir sediment loading trend-line equation (y = 0.049x + 3.161) 

indicates that on average the annual reservoir sediment load is increasing by an index 

of 0.049 ppm(One ppm is equivalent to 1 milligram of something per liter of water 

(mg/l))that indicates  equivalent loss of Legedadi reservoir storage capacity. 

The sediment yield in Watershed of Legedadi Reservoir is contributed byuncontrolled

 run off along farm lands, loosened earthworks and culvert discharge into unprotected 

lands. Thus, anthropogenic activities are increasingly contributing to watershed 

sediment discharge. Most sediment deposition occurs near the river mouth. However 

reservoir sedimentation trends may most likely vary during the wet and dry seasons. 

See in fig. 29 below. 

 

      Fig. 29 Legedadi Reservoir Annual Sediment Concentration  



72 
 

 

The distribution of the total dry-season sediment yield in the study area indicates that 

the average sediment yield produced by HRU in the watershed is varied and less in 

amount due to less rainfall, where as total rainy-season (Jun-September), sediment 

yield produced by each HRU in the watershed is high due to high precipitation 

received by legedadi reservoir. There are some reasons for the variability in the 

amount of sediment yield, such as land use land cover change, soil type, surface 

runoff, ground water recharge and elevation. In addition to these factors precipitation 

distribution, aspect is greatest factor to decrease or increase the sediment yield in the 

Watershed and delivered to the reservoir. The value is shows in the appendix G. See 

in fig. 29 and in table 11. 

     Table .11 Legedadi Reservoir monthly average of sed. In tons 
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         Fig. 30 Legedadi reservoir monthly average sedimentation  

              4.4 Land Use Land Cover Change 

                4.4.1 Land Use Land Cover in 1997 

There are six major LULCC classes for the periods of 1997 which includes; Water 

body (man-made reservoir) ( 1.87%,), cultivated land(39.91%),, settlement(1.55%),, 

grazing land (19.14%)  forest (Eucalyptus globules Plantation) (20.33%)  and bare 

land(17.21%),  in Watershed of Legedadi Reservoir. 

 

 

 

 

 

 



74 
 

Table.12 Watershed of Legedadi Reservoir Land use land cover  

                   (Source: Sisay Habtegebreal, 2014)  

 

 

   Fig. 31 Landuse Landover Map of 1997 (source: Sisay Habtegebreal, 2014)       
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                4.4.2 Land Use Land Cover Change in 2012 

There are six major LULCC classes for period in 2012 which includes; Water body 

(1.94%), cultivated land (55.56%), Settlement (15.79%), grazing land (5.30%), 

Eucalyptus Plantation (16.22%) and bare land (5.07%), constituted large proportion of 

the study area. See below in table 13.     

      Table 13 Watershed of Legedadi Reservoir Land use land cover in 2012 
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                       Fig. 32 Land use Landover Map of 2012  
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 The LULCC of the study area are discussed below in Table 14 indicates that cultivated 

land showed continuously increased to 11272.8 ha.(By 15.64%) from initial study 

period (1997), however; bare land and grazing land were decreased their coverage by 

12.11% and 13.86% within the period of 1997and 2012 respectively.  

        Table 14: Watershed of Legedadi Reservoir Land use land cover change  

 

 

             Fig. 33 LULC coverage (ha) of the study area  



78 
 

 From the result of this study a continuous and active LULC change was observed. 

Change is the alteration of the physical character and various nutrient contents of the 

land. It could be both under the influence of human and nature, resulting in various 

kinds of impacts on the watershed. The daily activities of human being to secure 

social and economic needs interfere with nature and the land features that makes the 

land use/cover dynamic. In this study showed settlement area and cultivated land were 

dramatically increased by 14.24 % and 15.64% within 15 years respectively. These 

area coverage increment indicated that various human needs affect the Land covers 

and increase surface erosion in the watershed. 

In watershed of Legedadi Reservoir, the area of grazing land and bare land were 

reduced continuously. Spatially grazing land (open grass land) unit in the areas 

surrounding the reservoir are being progressively converted into cropped lands. Soil 

loss from these cropped lands is very serious both from the aspect of erosion and 

sedimentation, which are essential for annual crop growth. These LULC change and 

domination of cultivated land indicate a significant impact on reservoir sedimentation 

and chemical Contaminants resulting from the applied chemical fertilizers (TAHAL 

Consulting, 2000). 

    4.5 Hydrological Responses to Land Use Land Cover Changes 

     4.5.1 Surface Runoff Responses to Land Use Land over Changes 

The Fig. 34, represents that daily average runoff is greater in 1997 as comparison with 

2012 in the watershed. The main reason of this variation may be the amount of 

precipitation varied in 1997 and  2012. However, cultivated land and grass land which 

is changed to crop land was continuously increased by the rate of 15.64 % and 12.11 
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% respectively. The average daily runoff from 1997 to 2012 is changed from 51% of 

100% to 49% of 100%. 

Monthly average surface runoff in the whole catchment is calculated by using 

SWAT2012 automatically, simulated result graph is shown below at fig. 34, 

 

      Fig. 34 Annual average SURQ for the period of 1997 and 2012    

 

    Fig. 35 Annual average SURQ for the period of 1997 and 2012 pie chart 
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          4.5.2 Water Yield Responses to Land Use Land Cover Changes 

Fig. 36 indicates that daily average water yield varies from years to year due to the 

different factors. Among these factors land use land cover change is the main factor 

either increase or decrease water yield in the watershed. The result indicates that the 

water yield is changed from 54% of 100% to 46 % of 100% in 1997 and 2012 

respectively.  

In comparison land use land cover change in 1997 land use land cover change which 

 is describe by Sisay Habtegebreal (2014), with land use land cover in 2012, 

cultivated land increased by the rate of 15.64 % ,grazing land changed into crop land 

by the rate of 12.11 %  and settlement changed by the rate of  14.24 %  through 15 

years (1997-2012). See below at fig.36 and 37 and simulated result is shows in the 

appendix H. 

 

        Fig. 36 Graph of annual average WYLD for the period of 1997 and 2012          



81 
 

 

      Fig. 37 Annual average WYLD for the period of 1997 and 2012 pie chart 

  4.5.3 Sediment Yield Responses to Land Use Land Cover Change 

The Fig.38 indicates that annual average Sediment yield from study watershed varies 

from year to year due to the different factors such as: climate variability, 

topography, and soil, land use land cover conditions, area of slope-length and the 

variation of anthropogenic activities from sub-basin to sub-basin and year to year.  

Among these factors land use land cover change is the main factor to increase 

Sediment yield in the watershed. The result indicates that the sediment yield is 

changed from 49% of 100% to 51 % of 100% in 1997 and 2012 respectively. In 

comparison land use land cover change in 1997 with 2012, cultivated land increased 

by the rate of 15.64 %, grazing land changed into crop land by the rate of 12.11 % 

and settlement changed by the rate of 14.24 % through 15 years (1997-2012). 

See below at fig 38 and simulated result value is shows in the appendix H. 
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             Fig. 38 Graph of annual average SYLD for the period of 1997 and 2012     

             

       Fig. 39 Annual average SYLD for the period of 1997 and 2012 pie chart 
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                                  Chapter five 

             5. Conclusion and Recommendations                           

                        5.1. Conclusion 

In this study, arc SWAT and arcGIS were integrated with a hydrological model to 

evaluate the impacts of land use land cover change, climate variability and the 

hydrology of watershed of Legedadi Reservoir. Based on these result conclusions are 

drawn:  

 The result of hydrological model calibration and validation indicated that the 

SWAT model simulates the stream flow appreciably well for the study area. 

This is proved from model performance criterion used to valid to the model 

result such as regression coefficient and the Nash-Sutcliffe.  

 From the results of analysis it can be demonstrated that the northern part of the 

watershed areas are dominant in surface runoff generation as compared to 

different part of the watershed, 

 Legedadi  Dam are jointly affected by varied watershed parameters, including 

but not limited to watershed precipitation, vegetation cover and anthropogenic 

activities as the drivers of change, 

 Individual watershed rivers, runoff and sediment load are irregularly 

distributed based on spatial temporal basis. 

 In comparison land use land cover change b/n 1997 and 2012, cultivated land 

increased by the rate of 15.64 % , grazing land changed into crop land by the 

rate of 12.11 %  and settlement changed by the rate of  14.24 %  through 15 

years (1997-2012).Resulting Sediment yield is changed from 49% to 51 % in 

1997 and 2012 respectively. 
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                5.2 Recommendations 

The findings of the study showed that the study area was under continuous LULC 

change and prone to soil erosion problem. As a result, the following recommendations 

were forwarded depending on the findings of the study.  

 Further study need for detail study due to the variation of surface runoff, 

evapotranspiration, ground water distribution, sediment yield and inflow 

from sub-basin to sub-basin, 

 If any control measures against increased runoff were to be applied, then 

clearly agricultural land has to be given priority with emphasis on proper 

farming practices, where less land is optimized to produce more crop yield 

rather than the opposite, 

 Watershed management strategy should ensure reservoir sustainability to 

adequately reduce catchment sediment discharge. The strategy includes soil 

erosion conservation measures, terracing and contour building on steep slopes, 

and sediment retention in the catchment by use of check dams, forest 

conservation and protection of watershed areas, 

 The climate variability aggravates hydrological  fluctuation in the watershed 

from years to years especially  form season to season .the causative agent 

should be addressed , spatially  at local scale , I recommended that climate 

change adaptation practice should be essential to harvest more rainwater within 

rainy season in the short period of time. 
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     Appendixes 

  Appendix -A: Meteorological Locations of the study Area 

 

Appendix-B: Weather generator (WGEN) parameters used by the SWAT Model 

             A.A Bole Station: Precipitation  
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      Addis Ababa Observatory: Precipitation  

 

                     Chefe-donsa Station: Precipitation  
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                 Sendafa Station: Precipitation  

 

                      

                   Sululta Station: Precipitation  
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    Sululta Station: Temperature 

 

Appendix C: Table showing the measured average discharge (m3/sec) 
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Appendix D: Table showing the simulated average sub-basin value 
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Appendix E: Table showing the simulated average SRV value 
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Appendix F: Table showing annually average Sub-basin simulated 

                   values 
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Appendix G: Table showing Monthly average Sub-basin simulated 

values 
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Appendix H: Table showing average Sub-basin simulated values 

for the period of 1997 and 2012 based on LULCC 
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Appendix I: Legedadi Watershed Soil data 

OBJECTID 1 2 3 4 5 6 7 

MUID VCMcr3 IVRpe1 IVRpe2 
VILPum
4 VLVcr3 

VIILPum
5 ILVcr2 

SEQN 1 2 3 4 5 6 7 

SNAM 
chromic 
cambisols 

pellic 
vertisols 

pellic 
vertisols 

umbric 
leptosols 

chromic 
luvisols 

umbric 
leptosols 

chromic 
luvisols 

S5ID 1 2 3 4 5 6 7 
CMPPCT 1 2 3 4 5 6 7 
NLAYERS 3 4 4 1 3 1 4 
HYDGRP B D D C D C D 
SOL_ZMX 750 2000 1800 260 1300 300 1850 
ANION_EXCL 0.5 0.5 0.5 0.5 0.5 0.5 0.5 
SOL_CRK 0.5 0.5 0.5 0.5 0.5 0.5 0.5 

TEXTURE 
Sandy 

clay loam 
Clay 

Loam 
clay 
loam loam clay 

Silt 
Loam 

Clay 
Loam 

SOL_Z1(mm) 220 300 300 250 300 300 300 
SOL_BD1(g/cm3
) 1.2 1.1 1.0 1.2 1.0 1.1 1.1 
 
Soil_AWC1(mm
H2o/mm soil) 0.029 0.014 0.016 0.014 0.018 0.010 0.032 
SOL_K1(mm/hr) 1.7 1.7 1.7 4.2 4.2 4.2 1.7 
SOL_CBN1 (%) 1.9 1.3 1.6 1.0 3.9 2.8 2.4 
caly1 (%) 26.0 52.0 46.7 15.7 32.0 16.0 52.0 
SILT1 (%) 27.0 31.5 69.0 39.0 35.5 50.0 33.3 
sand1 (%) 47.0 16.5 20.3 41.7 32.5 34.0 35.8 
SOL_ROCK1 (%) 8.01 7.50 8.05 21.85 14.80 22.47 19.79 
SOL_ALB1 0.13 0.13 0.13 0.13 0.12 0.14 0.13 
USLE_K1 0.15 0.17 0.13 0.17 0.15 0.18 0.16 
SOL_EC1 0 0 0 0 0 0 0 
SOL_Z2(mm) 420 900 1450 0 800 0 800 
SOL_BD2(g/cm3
) 1.3 1.2 1.2 0.0 1.1 0.0 1.2 
SOL_AWC2(mm
H2o/mm soil) 0.018 0.003 0.003 0.000 0.007 0.000 0.008 
SOL_K2(MM/hr) 1.7 1.3 1.3 0.0 1.3 0.0 1.7 
SOL_CBN2 (%) 1.2 1.1 1.1 0.0 1.2 0.0 1.4 
caly2 (%) 30.0 41.3 57.3 0.0 45.0 0.0 37.3 
SILT2 (%) 22.0 28.0 20.0 0.0 31.5 0.0 30.7 
sand2 (%) 48.0 15.0 21.0 0.0 23.5 0.0 32.9 

SOL_ROCK2 (%) 8.41 12.04 17.74 0 
19.3359

7 0 
22.6666

67 
SOL_ALB2 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
USLE_K2 0.17 0.15 0.14 0.0 0.14246 0.0 0.15289
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2 93 
SOL_EC2 0 0 0 0 0 0 0 
SOL_Z3(MM) 750 1700 1450 0 1300 0 1500 
SOL_BD3(g/cm3
) 1.3 1.2 1.2 0.0 1.2 0.0 1.2 
SOL_AWC3(mm
H2O/mm soil) 0.008 0.002 0.004 0 0.005 0 0.004 
SOL_K3(MM/hr) 4.2 1.3 1.3 0.0 1.3 0.0 1.7 
SOL_CBN3 (%) 0.4 0.6 0.9 0.0 0.4 0.0 1.1 
caly3 (%) 22.0 60.0 53.0 0.0 53.0 0.0 42.0 
SILT3 (%) 28.0 25.0 24.5 0.0 23.5 0.0 29.3 
sand3 (%) 50.0 15.0 22.5 0.0 23.3 0.0 28.7 

SOL_ROCK3 (%) 10.70 15.10 17.74 0 
22.9525

7 0 
30.5416

67 
SOL_ALB3 0 0.00 0 0 0 0 0 

USLE_K3 0.16 0.00 0.14 0.0 
0.17433

9 0 
0.15977

86 
SOL_EC3 0 0 0 0 0 0 0 
SOL_Z4(mm) 0 2000 1800 0 0 0 1850 
SOL_BD4(g/cm3
) 0 1.3 1.2 0 0 0 1.2 
SOL_AWC4(mm
H2o/mm soil) 0 0.002 0.004 0 0 0 0.003 
SOL_K4(mm/hr) 0 1.3 1.3 0 0 0 1.7 
SOL_CBN4 (%) 0 0.67 0.31 0 0 0 0.78 
caly4 (%) 0 32 64 0 0 0 36 
SILT4 (%) 0 22 20 0 0 0 32 
sand4 (%) 0 20.7 16 0 0 0 32 

SOL_ROCK4 (%) 0 
18.46542

8 
17.7424

51 0 0 0 
30.5416

67 
SOL_ALB4 0 0 0 0 0 0 0 

USLE_K4 0 
0.320567

898 
0.18370

79 0 0 0 0 
SOL_EC4 0 0 0 0 0 0 0 
SOL_PH1 6.9 5.0 7.3 5.9 5.8 5.5 5.2 
SOL_PH2 6 6.5 7.7 0 5.8 0 5.3 
SOL_PH3 6.2 6.6 7.9 0 5.25 0 4.3 
SOL_PH4 0 7.5 8.0 0 0 0 5.35 

 

 

 

 

 



100 
 

 

Appendix J: Legedadi Catchment and reservoir photo 

 

Appendix K: Legedadi Watershed settlement photo 

 


