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                                           ABSTRACT 
Soil erosion is a major problem in Abay basin, Ethiopia. Gedeb watershed which found on the southern 

side of Abbay basin and found in south Gojjam sub-basin in Ethiopia and mostly affected by soil erosion, 

sediment transport and land degradation, due to Deforestation, overgrazing, over cultivated and poor land 

management and this problem accelerates the rate of erosion and which becomes soil fertility reduction. 

To overcome this problem in exposed area make it strip cropping, construct bunds, cover with 

plants/vegitatation at upstream of a watershed. The main objective of this study was to determine the 

effect of land use/cover dynamics on sediment yield on Gedeb watershed. Soil & Water Assessment Tool 

(SWAT) model was calibrated, validate & used to evaluate changes on sediment yield and stream flow. 

Two SWAT model set up were run to evaluate the impacts of land use and land cover dynamics after 

Downloading Landsat image, supervised classification and preparing the land use/cover map in ArcGIS 

software on stream flow and sediment yield for both 1985 and 2018 of the study areas. The study also to 

estimate sediment yield in the Gedeb watershed using SWAT model, to investigate the spatial and 

temporal variation of sediment yield, identify soil erosion prone areas from sub catchment. The calibration 

and validation were done after checking the performance of sensitive analysis. The first most sensitive 

parameters were SCS curve number (CN2) for both flow calibration and for sediment calibration. The 

model performance evolution during monthly stream flow calibration and validation period indicated that 

R2=0.81, NS=0.79 and R2=0.75, NS=0.747 using 1985 land use/cover map and for 2018 land use land 

cover map R2=0.8, NS=0.75 and R2=0.73, NS=0.72 respectively. For Sediment calibration the coefficient 

of determination and Nash-Sutcliffe coefficient give as R2=0.68, NS=0.62 and R2=0.65, NS=0.63 by using 

1985 land use/cover and by using 2018 land use/cover R2=0.71 NS=0.69 and R2=0.69, NS=0.63 

respectively. The annual average measured suspended sediment generated from the sediment rating curve 

was 16.48 ton/ha/yrs. and the simulated annual average sediment yield by SWAT model was 12.14 t/ha/yr 

for 2018 land use map and for 1985 land use map 9.7t/h/y. Hence the result showed that the watershed 

affected by land use land cover change or cultivated land has expanded during the study period of 1985-

2018. i.e. The range and bush land, forest land was highly expanded to agriculture. The catchment is the 

most erodible area and the average annual sediment distribution ranges from greater than 10 ton/ha for 

2018 land use land cover. Generally, sub basin 6, crop agriculture, soil pellic vertisols, is mostly affected 

by runoff and sediment yield at HRU 51. 
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1. INTRODUCTION 

1.1 Background 
Land-use change has become a worldwide concern, and it is one of the major topics in current global 

change studies. It is caused by a number of natural and human driving forces. Whereas natural effects 

such as climate change are felt only over a long period of time, the effects of human activities are 

immediate and often radical (Stevenson & Sabater, 2010).This change of land use in rural and urban area 

is the result of deforestation, agricultural land expansions, human settlements and other factor derived by 

the population growth and environmental problem. Many literatures showed that population growth is the 

main factor for the land use change in urban or rural area (Tesfa and Bogale, 2015; Asmamaw, 2013; 

Dereje, 2010; Kassa, 2009; Hagos, 2014). 

Determining the effect of land use change in watershed depends on the knowledge of past land use 

practices, current land use practices and most likely projected future land use practices as affected by 

human distribution, economic development, technology and other factors (Tom, 2003). Land use change 

effect on present land use transformation became a global issue. Natural catastrophe such as drought, 

floods caused by climatic change has been presented in many research papers is not commonly happening 

situation however human action cause sudden change in population or watershed. FAO estimates an 

annual loss of over 1.9 billion tons of soil from the Ethiopian Highlands. Only approximately 122 million 

tones reach the Ethiopia border (Ahmed and Ismail, 2008). Erosion from the land surface occurs in the 

form of sheet erosion, rill and inter-rill erosion, or gully erosion, part of which is delivered to rivers. This, 

together with deposition of erosion from in-stream beds and banks of rivers, constitutes the sediment load 

in the river (Awulachew et al., 2008) .  

In Ethiopia where about 85% of the population is engaged primarily in agriculture and depends heavily 

on available water resources, the assessment and management of available water resources is a matter of 

prime importance. Surface water flow modeling is an important tool frequently used in studies in surface 

water system and watershed management (Kim & Kaluarachchi, 2009). 

Rapid population increase led to fast land-use change from forest to agricultural land, and as associated 

with steep terrain, these changes has resulted in severe soil erosion over the Upper Blue Nile (Nyssen et 

al.,2010).  
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Rapid population increase in the upper Blue Nile led to fast land-use changes from natural forest to 

agricultural land, which resulted in speeding up the soil erosion process. Slope failures of the deep gorges 

and rugged valley walls which caused land sliding and rock falling is another factor leading to soil erosion 

in the basin (Ayalew et al., 2004). Soil erosion undesirably increases the sediment load downstream and 

reduces soil fertility and hence agricultural productivity decrease. Eroded sediment particles are 

transported away by the flowing water with undesirable downstream sedimentation as a result. The 

sediment settling inside the irrigation canals leads to water shortage and management difficulties in the 

reservoirs also, sedimentation leads to serious reduction in storage capacity, causing hydropower 

generation problems and negative impacts on society and economy, environment and ecology (Abdullah 

et al., 2015).  

Sediment deposition on the bed of the river raises the bed level and enhances flood risks. However, 

sedimentation has also some positive impacts: on the river flood plains, the settled fine sediment acts as 

fertilizer for agriculture. Research showed that each tons of sediment passed to the fields is equivalent to 

0.94 kg of urea fertilizer (Ali, 2014). Another benefit of sediment deposition is brick making manufacture 

practiced along the river and the irrigation canals banks (Ali, 2014). Nevertheless, the negative impacts of 

sedimentation are larger than the positive ones, so we can consider sedimentation as a problem rather than 

a benefit for the Blue Nile River basin (Ali, 2014).The latter collectively summarizes the negative impacts 

of soil erosion from the Ethiopian Watershed management strategies are critical to efficiently utilize the 

natural resources base while maintaining environmental quality. The majority of the sedimentation of 

rivers in the basin occurs during the early period of the rainy season and peaks of sediment are consistently 

measured before peaks of discharge for a given rainy season (Awulachew et al., 2010). 

High population pressure, poor land-use planning, over-dependency on agriculture as a source of 

livelihoods and extreme dependence on natural resources are inducing deforestation, overgrazing, 

expansion of agriculture to marginal lands and steep slopes, declining agricultural productivity and 

degradation of the environment. Poor agricultural and other practices affect run-off characteristics 

resulting in increased erosion and siltation and reduced water quality (Betrie et al., 2011).  

The steep slopes, coupled with erosive rains, have contributed to the excessively high rates of land 

degradation and soil erosion (Yalew et al., 2016). As one of the severely eroded and degraded parts of the 

basin, the catchment received the attention of researchers who undertake various socio-environmental and 

water resources studies in the catchment (Tolessa et al., 2017). 
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Land-use and land-cover changes, such as loss of grassland cover due to overgrazing, poor land-use 

management and change from grassland to agricultural land for instance, may have contributed to a higher 

level of gully formation, soil erosion and land degradation in general. Between 1957 and 2009, 46% of 

the watershed has undergone land-use changes without proper soil and water conservation measures in 

place (Tolessa et al., 2017). The changes in land use and land cover are thought to be among the major 

causes of high erosion rates in the Blue Nile basin (Tolessa et al., 2017). Whether this trend will continue 

is dependent, among other things, on future land use.  

Analyzing the land use changes and understanding the effect of the land use change in present land 

cover/use is important for policy making, planning and implementing of natural resource management 

(Reddy & Gebreselassie,2011). This careful analysis of land use change provides best management 

practices that will allow a balanced use of land for the people. Determining the effect of land use change 

in watershed depends on the knowledge of past land use practices, current land use practices and most 

likely projected future land use practices as affected by human distribution, economic development, 

technology and other factors (Setegn et al., 2009). Land use change effect on present land use 

transformation became a global issue. The most influencing forces affecting natural vegetation are directly 

related to expanding human population.  

The population of Ethiopia from year 1990 to 2016 is approximately doubled and population of Ethiopia 

is 101,783,351 based on the latest United Nations estimation (http://www.worldometers.info).This means 

the demands of lands are increasing as population increases. Agriculture, which depends on the 

availability of seasonal rainfall, is the main economy of the country. People need land for the food 

production and for housing and it is common practice to clear the forest for the farming and housing 

activities. Therefore, the result of these activities is the land use and land cover changes due to daily human 

action. For this reason, understanding how the land cover changes influence on the hydrology and 

sediment yield of the watershed will enable planners to develop policies to minimize the unwanted effects 

of future land cover changes. 

Gedeb watershed is one of sub-basin of South Gojjam sub basin under Blue Nile and one of the tributaries 

for Blue Nile basin in Ethiopian highlands. Hence mostly similar property as we have said for Blue Nile. 

i.e. loss of fertile topsoil, While, the irrigation canal in the lower of the study area are seriously affected 

by sediment deposition, leading to significant reduction of water capacities, and excessive de-silting costs 

of irrigation canals and headwork and it affects river morphology characteristics due to densely populated 

and This causes various effects on resource bases like deforestation and agricultural land this leads to the 

changes in hydrology of the watershed and sediments deposited in stream channels reduce flood carrying 

http://www.worldometers.info/
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The above explanation makes Gedeb watershed main contributor of sediment to the Abay basin, therefore 

analyzing the impact of different contributing parameters for the cause will help different stake holder to 

work in reduction of land degradation, increase vegetation covers and the productivity of the watershed 

area. So, it is important to assess the magnitude of the problem so that effective measures can be 

implemented. As more and more land subjected to extensive farming and increased cropping intensity, 

more soils will be exposed to erosion, fertility also decrease. Therefore, understanding the impacts of soil 

erosion, the problem of the study area looking for solutions to minimize is essential. To address the above 

situation, watershed management is one of the most important approaches, which helps to reduce land 

degradation, increase vegetation cover, and increases the productivity of the watershed area. 

1.3 Objective of the Study 

      1.3.1 General Objective  
The overall goal of this study is land use and land cover dynamics on sediment yield on Gedeb Watershed. 

     1.3.2 Specific Objectives  
 To estimating stream flow and sediment in Gedeb Watershed.  

 To evaluate the land use and land cover dynamics on Gedeb catchment from 1985-2018 by 

using Landsat images. 

 To assess and evaluate the spatial and temporal variability of sediment yield in the watershed 

and identify priority hot spot areas. 

1.4 Significance of the Study  

The land use and land cover change have significant impacts on natural resources, socioeconomic and 

environmental systems. However, to assess the effects of land use and land cover changes on stream flow 

and sediment yield, it is important to have an understanding of the land use and land cover patterns and 

the hydrological processes of the watershed. Understanding the impacts of land use and land cover change 

is essential indicator for resource base analysis and development of effective and appropriate response 

strategies for sustainable management of natural resources in the country in general and at the study area 

in particular. Moreover, the study presents a method to quantify land use and land cover change and their 

impact on hydrology and sediment yield. This has been achieved through a method that combines the 

hydrological model SWAT to simulate the hydrological processes, SWAT-CUP to calibrate and validate 

SWAT model and GIS. 
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1.7 Organization of the Thesis  

The study was carried out based on the literature reviews, different video tutors, advisors, the SWAT 

model and available data of the study area.  

Chapter 1 Introduces the background of the study, explained the problem, significant and objectives  

Chapter 2 Briefly presents the available literature reviews on sediment yield, on physically based 

model SWAT and on different sediment management strategies and land use/cover change effects. 

Chapter 3 Briefly describes the study area topography, climate, hydrology and different Basin 

parameters, explains the conceptual frame work of the study  

Chapter 4 Discuss the result of the model and brief discussion about the model output would be presented 

Chapter 6 Finally we have to carry out conclusions and recommendation. 
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2. LITERATURE REVIEW 

  2.1 General  

The hydrology of Nile basin has been studied from many perspectives. Several studies concerned with the 

long-term climatologic trends and especially precipitation (Conway, 2000; Yilma and Demarce, 1995 and 

Sutcliffe and Parks, 1999). Other studies relate the effect of climate change and spatial variability of 

precipitation to stream flow (Conway and Hulme, 1993) and developing water balance model for water 

resource management (Conway, 1997; Kebede and Travi, 2006) and for sensitivity analysis of lake level 

and outflows. The major objective of this chapter is to highlight some facts and results from different past 

works in the area of sediment yield assessment using the Soil and Water Assessment Tool (SWAT) and 

soil erosion in general. Here only a summary of the literature tailored to the main objective of the study 

was presented. Erosion is a major watershed problem causing significant loss of soil fertility and 

productivity. Increased sediment loads that shorten the useful life of the reservoir, and increase the cost of 

maintenance and sediment remediation are off-site impacts of erosion. 

One characteristic of Ethiopian Blue Nile hill slopes is that most have infiltration rates in excess of the 

rainfall intensity, thus most runoff is produced when the soil saturates (Ashagre,2009) or from degraded, 

shallow soils. Indeed, data from Soil Conservation Reserve Program (SCRP) watersheds (Bayabil, 2009) 

show the probability of rainfall intensity exceeding the measured soil infiltration rate to be very low, only 

7.8% of storm intensities exceeded the lowest measured infiltration rate. Of course, defining sources of 

landscape erosion require knowledge of both where runoff is generated, and how the landscape is managed 

(e.g. Tillage, livestock, vegetative cover, etc.). There are many classification schemes of hydrologic 

models, based on the method of representation of the hydrologic cycle or a component of the hydrologic 

cycle (Cunderlik, J. 2003).  

(Bokan,2015) Perform scenario simulations to assess impacts of land use changes and historical land use 

development on the sediment yield. Studies of impacts of altered precipitation events on the sediment 

yield should also be carried out. The relatively poor performance of the SWAT model in simulating the 

sediment yield from Kulekhani watershed is due the incapability of the SWAT model to realistically model 

b/c of highly gully erosion and landslide which are believed to be common in the watershed.  In general, 

it can be concluded that the ability of the SWAT model in predicting the sediment from a watershed 

depends on which erosion or sediment transport mechanism is dominant in the watershed.  
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or facets, the soil loss corresponds with sediment yield and is proportional for bigger catchments 

(Lentsoane, P. M. M. 2004). This is due to temporal and permanent deposition taking place within the 

catchment. 

Spatial and temporal information on runoff, soil erosion, and sediment yield of a catchment can provide a 

useful perspective on the availability of water, rate of soil erosion, and soil loss in the catchment. The 

dynamics of the processes of soil erosion and sediment yield are influenced by the spatial and temporal 

characteristics of the input variables affecting them and by controls exerted by the land surface. The 

controls related to land surface include elevation, soil, vegetation cover, and underlying geology. The 

major classification of erosion type is by erosive agents, wind or water, which causes the erosion. The 

main types of erosion are rill erosion, sheet erosion and gully erosion. The sheet and rill erosion 

classification are based on a concept of progressive erosion severity. Sheet erosion, which is a uniform 

removal of soil from the surface, is assumed to be the first phase of the erosion process, and sheet erosion 

rates are assumed to be low. As erosion becomes increasingly sever, rill erosion is assumed to begin. Rill 

erosion progresses to gully erosion, which produces deeply incised channels. 

2.4.1 Factors affecting soil erosion 
Several factors influence soil erosion which include climate, soil, topography, and vegetation and 

management practices. The basic energy input required to drive erosion processes is provided by rainfall 

and runoff. Therefore, rainfall is identified as the main cause of water erosion. Ability of rain to cause 

erosion is defined as erosivity and it is a function of rainfall. According to (Morgan, R. P. C., etal 1998) 

soil loss is closely related to rainfall partly through the detaching power of raindrops striking the soil 

surface and partly through the contribution of rain to runoff. The amount and peak intensity are two main 

important characteristics of a rainstorm that influence its potential ability of causing erosion. Volume and 

peak rate of runoff are measures of runoff erosivity (Flanagan et al., 1988). 
 

The erodibility of the soil refers to the resistance of the soil to both detachment and transport by the 

eroding agent. (Bergsma, E., etal 1996). defines erodibility as the specific property of soil, which can be 

quantitatively evaluated as the vulnerability of the soil to erosion under specific circumstances. The other 

factor that contributes to soil erosion is soil sealing. Soil sealing is the formation of a thin, dense, platy 

soil surface structure of fine soil particles under the influence of splash, slaking, swelling, or 

sedimentation, which is relatively impermeable to air and water (Shuster, W. D.,etal 2005).It is due to the 

effect of raindrop on bare soil, which results in reduction of infiltration; and increase in runoff and the 

potential for the soil erosion (Wichitarapongsakun, P., etal 2016). 
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2.4.3 Erosion and sediment yield relationships 
Not all sediment particles that are eroded from the catchment area upstream of a specified point along a 

river or at the reservoir manage to reach that specific point or the reservoir. While some deposited sediment 

become entrained back again into the transporting medium, there is still more chance that some sediment 

would still be deposited between the sediment source point and the hypothetical destination due to 

inadequate transport capacity. One of the relationships that have been derived between erosion and 

sediment yield include the sediment delivery ratio, SDR. Sediment delivery ratio denotes the ratio of the 

sediment yield (SY) at a given stream cross section to the gross erosion (AT) from the watershed upstream 

from the measuring point (Msadala, V. P. 2009) Whereby, the following mathematical relationship is 

applied: - 

SY = (AT) (SDR) ----------------------------------------------------- equation (2.1) 

Equation 2.1 calculates the gross erosion therefore the sediment delivery ratio was being applied 

to compute the sediment yield. According to (Msadala, V. P. 2009) the sediment delivery ratio is generally 

dependent on the size of the catchment area. Development of these sediment yield and drainage area 

relationships requires data on observed sediment yields to validate the relationship between the sediment 

yield and erosion. The sediment delivery ratio can only be applied to catchments that are homogeneous 

with respect to hydrology, erosion and sediment characteristics on which the model results were verified 

on. According to (Mills, C. F., Bathurst, J. C., 2008) the sediment yield/catchment area relationships can 

be direct or inverse depending of catchment characteristics. Therefore, the concept of sediment delivery 

ratio is applicable in catchments where reliable calibration was done and the catchment areas are 

homogeneous. 

2.4.4 Erosion Class of Sub basin 
Sub basins can be classified as low, medium and high erosion class depending on their sediment yield 

(Table 2.1). Soil formation rates are vital for evaluation of soil loss rate (the extent to which soil loss can be 

tolerated) and the potential of soil regeneration once soil erosion can be stopped completely. A study of soil 

formation rates in different agro ecological zone of Ethiopia indicates that the range of the tolerable soil loss 

level for the various agro-ecological zones of Ethiopia were 2 to 18 t/ha/yr. (Hurni, H. 1985) Based on these, 

classes were assigned depending on their annual average sediment yield loading per coverage; the map was 

reclassified into four major categories of soil erosion hazards region i.e. low, moderate, high and severe erosion 

conditions.  
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Table 2. 1 Class Assigned for Degree of Severity according to Hurni, H. (1985) 

 
Class  Sediment yield (t/ha/y) Remark  

1 0-6 Low  

2 6-12 Moderate  

3 12-18 High  

4 Above18 Severe  

2.5 Model Surface Runoff Estimation 

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

infiltration. When water is initially applied to a dry soil, the infiltration rate is usually very high. However, 

it will decrease as the soil becomes wetter. When the rate of application is higher than the infiltration rate, 

surface depressions begin to fill. If the application rate continues to be higher than the infiltration rate 

once the all surface depressions have filled, surface runoff will commence (Fuggle, R., etal 2007). 

2.6 Sediment Load Estimation 

Soil erosion is the detachment and transportation of soil particles from their original place to further 

downstream by erosion agents such as water and wind. It is one of the normal aspects of landscape 

development. The severity of erosion increases with the decrease in cover material most likely vegetation. 

The vegetation cover decreases the soil erosion by decreasing the impact of raindrops that cause the 

detachment of the soil particles. Therefore, bare soil is more likely to be eroded by different soil erosion 

agents than soil with vegetation cover (Fuggle & Smith., 2007). 

2.7 Watershed Sediment Estimation 

SWAT model estimates the process of soil erosion caused by rain using Modified Universal Soil Loss 

Equation (MUSLE). The USLE equation depends on the intensity of rainfall without taking into account 

the amount of infiltration if it is high or low. In the high infiltration, there is little runoff and therefore less 

erosion, while in the low infiltration there is a high runoff and therefore a larger erosion.  

The modification of the USLE equation converts the calculation of the erosion by the rain intensity to the 

surface runoff, while the other elements of the equation remained same. This development of the equation 

improved the sediment estimation process (Neitsch, S. L., etal 2011).  
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2.8 Sediment yield modeling 

Sediment yield is the amount of sediment transported out of a watershed or sub watershed. This value is 

used for model calibration and validation because it can be compared against available data sets. 

2.9 SWAT- CUP (SWAT Calibration Uncertainty Procedures) 

It is a program designed to integrate various calibration/uncertainty analysis programs for SWAT using 

the same interface. The program can run SUFI2, GLUE, MoMc and Para Sol. The program guides the 

input files necessary for running a calibration program. Each SWAT-CUP project contains one calibration 

method and allows running the procedure many times until convergence is reached. It allows saving 

calibration iterations in the iteration history for later use. SUFI-2 algorithm, in particular, is suitable for 

calibration and validation of SWAT model because it represents uncertainties of all sources (Biswal, S. 

K. 2015) and this algorism was used for this study. 

2.10 Definition of land use and land cover 

Land cover means the physical description of the earth surface or the observed cover of 

the earth surface or currently cover the earth surface includes vegetation such as trees, bushes, bare soil, 

rocks and water bodies (Steenhuis, T. S., etal 2009). 

In the case of land use there are two main approaches to define the land use the first one is functional 

approach states that defining land use based on their purpose for example land for farming, for industrial, 

for commercial, for residential, for forestry etc. The second one defines land use in sequential operational 

approach states that continuous operation on land by human to get benefit from the land for example 

ploughing, seeding, weeding (Wilson, C. O., & Weng, Q. 2011). 

2.11 Land use and land cover change (LULCC)  

LULCC is the change in purpose or management in land use or cover (Alemu, B., etal 2015), this land use 

and land cover change information used for land related policy measures for politicians and discovering 

the major causes and effect for the research group (Britz, W., 2011) Land use and land cover change is 

divided in to two categories these are conversion refer to change from one cover or use to another. These 

land use/cover changes mainly related to human activities and environmental impact further land use 

change have impact on soil and water (West Region Ghana using remote sensing (Vol. 16). (Cuvillier 

Verlag. Or Bregt, A., etal 2001).The cause of LULCC  classified in to two direct cause of land use change 

by human activities this physical action on land cover/use directly affect land cover of the watershed and 
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underling cause this causes are fundamental force that operate direct cause formed by complex of social, 

political, economic, demographic, cultural and biophysical factors. 

2.12 Satellite Image Classification Techniques 

Image classification is the process of creating a meaningful digital thematic map from an image data set. 

Generally, image classification techniques in remote sensing can be divided into supervised and 

unsupervised based on whether they include a priori knowledge during the decision process by using 

labeled training samples or not (Jain, 1986).  

2.12.1 Supervised Classification 

Supervised classification techniques require training areas to be defined in order to determine the 

characteristics of each category. A discriminating function is modeled based on the information derived 

from the training data. Each pixel in the test image, is thus, assigned to one of the categories using the 

extracted discriminating information (Wilkinson, 2000). The main difference between unsupervised and 

supervised classification approaches is that the supervised classification requires training data. 

2.12.2 Unsupervised Classification  
In contrast to supervised approaches, which construct the decision boundaries from training data, 

unsupervised algorithms are based on set of unlabeled data. These unsupervised methods can be viewed 

as techniques of identifying natural groups or clusters in image data. The pixels within a cluster or group 

are more similar to each other than those pixels belonging to other clusters (Jain, 2000). Determination of 

clusters is performed by estimating the distances or comparison of variance within and between the 

clusters. The most popular cluster algorithms used in remote sensing image classification are ISODATA, 

k-means and SOM self-organizing feature maps, an unsupervised neural classification method. Although 

the unsupervised procedures seem flexible, the results of such methods are generally inferior to those 

achieved by supervised methods. This is partly because most real-world features exhibit complexity in 

their nature, and hence might not be easily separable in terms of their spectral signatures. In addition, the 

assumption behind the unsupervised approach that the pixels belonging to particular class will have similar 

spectral values in spectral space, and all classes are relatively distinct from each other in features space is 

difficult to satisfy in practice. 
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3.2 Physiography 

Gedeb watershed is one of the South Gojjam sub basin from Abbay Basin. South Gojjam sub basin is 

situated at the southern side of Abbay River. It is found in East Gojjam, West Gojjam and Awi zone of 

Amhara region which has an estimated area of 16,762 km2 (Source: South Gojjam sub-basin studied 

document obtained from Abay Basin Authority). The altitude of Gedeb watershed ranges between 2815 

and 3868 masl (Source; from DEM). Gedeb watershed is one of major permanent rivers for south Gojjam 

sub-basin which started their course of flow mostly in the north to south of the sub basin (source; South 

Gojjam sub-basin studied document).  

3.2.1 Drainage patterns of rivers 
Gedeb watershed is one of south Gojjam sub basin rise from the highlands in the northern part of the south 

Gojjam sub basin (source; South Gojjam sub-basin studied document). 

3.2.2 Topography 
There is elevation difference between the upstream and downstream of the watershed. The upper most 

part of the watershed is the steepest parts which need a great attention to be protected because of its 

topographical steepness. Gedeb catchment has an estimated area of 226.06 km2 up to Gedeb near 

Amannuel gaging station. The altitude ranges approximately between 2815 masl and 3868 masl (source; 

from Digital elevation model). 

3.2.3 Climate 

3.2.3.1. Rainfall 

The sub basin has an annual rainfall ranging approximately between 1200 mm and 2100 mm (Based on 

Amannuel, Debre Markos and RobuGebeya metrological agency). Daily rainfall, maximum and minimum 

temperature, relative humidity, wind speed and sunshine hours (January, 2003- December, 2017) covering 

period of 15 years. 

3.2.3.2. Climate and Hydrology 

Within the highlands of the wet season lasts four months from June to September based on three 

metrological station (RobuGebeya, Debre Markos and Amannuel) metrological gaged stations. Hence the 

Gedeb watershed near Amannuel the mean annual precipitation or rain fall ranges in millimeter from 1200 

mm to 2100mm.The mean annual temperature of the area is around 10 to 18°C with maximum daily 

temperature of 31°C in May and minimum daily temperature of 8°C in January.  
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      3.2.5. Soils 
Based on FAO shape file of the major soil type of the study area was obtained from Abay basin authority 

and the soil map of the study area was generated by using ArcGIS10.3 software. In this watershed six 

main soil types are found which include, chromic Luvisols, pellic vertisols, chromic Cambisoles, Eutric 

Nitisols, chromic Vertisols, and Lithosols (source: -FAO shape file obtained from Abay basin authority). 

3.2.5.1 Soil Hydrologic Group 

The U.S. Natural resource Conservation Service (NRCS) classifies soils into four hydrologic groups based 

on infiltration characteristics of the soils. NRCS Soil Survey Staff (1996) defines a hydrologic group as a 

group of soils having similar runoff potential under similar storm and cover conditions. Soil properties 

that influence runoff potential are those that impact the minimum rate of infiltration for a bare soil after 

prolonged wetting and when not frozen. These properties are depth to seasonally high-water table, 

saturated hydraulic conductivity, and depth to a very slowly permeable layer. Soil may be placed in one 

of four groups, A, B, C, and D, (Neitsch, S. L., etal 2011). These soil hydrologic groups are defined below.  

A :(Low runoff potential). Soils in this group have high infiltration rate even when thoroughly wetted. 

They chiefly consist of deep, well drained to excessively drained sands or gravels. They have a high rate 

of water transmission. 

B: The soils have a moderate infiltration rate when thoroughly wetted. They mainly are moderately deep 

to deep, moderately well-drained to well-drained soils that have moderately fine to moderately coarse 

textures. They have a moderate rate of water transmission. 

C: The soils have a slow infiltration rate when thoroughly wetted. They chiefly have a layer that impedes 

downward movement of water or have moderately fine to fine texture. They have a slow rate of water 

transmission.  

D: (High runoff potential): The soils have a very slow infiltration rate when thoroughly wetted. They 

chiefly consist of clay soils that have high swelling potential, soils that have a permanent water table, soils 

that have a clay pan or clay layer at or near the surface, and shallow soils over nearly impervious material.  
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3.3 Material  

 3.3.1 Material used for the study area 
Table 3. 1 Materials used in the study area 

Materials Purpose 

Swat-cup For automatic calibration and validation flow and sediment data 

Arc GIS 10.3 software  For watershed delineation and classify satellite image of land use land cover 

SWAT 2012 model  For simulation of runoff and sediment yield 

Google earth  To clip study area and to see clearly land use land cover of the4 study area 

pcpSTAT For precipitation data analysis/preparation/ for weather generator 

Dew.exe For temperature and relative humidity preparation/for weather generator 

3.3.2 Data Collection and Preparation 
To get a better result, it is critical to use all relevant and good quality data required. The outcome/result 

depends on the quality and quantity of data used. The spatial and temporal resolution of data used in 

modeling will greatly influence the model performance. The SWAT (Soil and Water Assessment Tool) 

needs good quality of Digital Elevation Model (DEM), Soil and Land use/land cover data above all other 

necessary data to simulate the runoff and sediment yield from a watershed. 

 The length of period of weather and climatic data also affect the SWAT model performance. The output 

from the SWAT model can be affected by the DEM data resolution, soil data resolution and soil map 

scale, watershed subdivision which on the other hand is affected by DEM data resolution etc.  

 (Lambin, E. F., etal 2003) found that SWAT stream flow estimates were more accurate when using high-

resolution topographic data, land use/land cover data, and soil data. The required DEM data, soil data, 

land use/land cover data, flow data, climatic and sediment data was collected from different sources.  

3.3.3 Hydro Metrological Data and Analysis 
Hydro meteorological data in Ethiopia is generally limited due to remoteness of many of the catchments 

and lack of economic resource and infrastructure to build and maintain monitoring sites (Awulachew, S. 

B., & Tenaw, M. 2008). However, what has been considered by Awulachew and his partners as a reason 

for data scarcity may not be main limiting factor in Ethiopia. Economic and infrastructure constraints can 

limit number of gauging stations, but can have lesser influence on data generation of established stations. 

Meteorological data sets are the key inputs for hydrological modeling purpose, but the selection of 

representative meteorological gauging station depends on the data availability (including existence of 
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enough length of record and distance from the area of interest). Gauging stations were selected based on 

their relevance for the study. Adequate number of gauging stations might have been established around 

Gedeb watershed. However, long recorded data and the reliability of available data are also questionable 

and also the parameters are not fully recorded. The number of operational stream flow gauging stations 

has increased in recent years (Easton, Z. etal 2010).  

Table 3. 2 List of meteorological hydrological stations used in the study 

  ID NAME XPR YPR ELEVATION Source 

  1 Debre-Markos 10.326 37.739 2446 West Amhara metrological station 

  2 Amannuel 10.432 37.563 2386 

  3 RobuGebeya 10.548 37.767 2958 

  4 Gedeb (Amannuel) 

Flow data   

 10:24: 0 N  

 

 37:34:  E  

 

 2190 

 

Ministry of water resource and 

irrigation (Abay basin authority) 

  5 Sediment  

data (Amannuel) 

10:24N 37:34E 2190 Abay basin authority 

  6 Satellite image    From internet 

3.3.3.1 Flow Data  

Observed flow data were required for the Soil and Water Assessment Tool (SWAT) for calibration and 

validation and their source is Abay basin authority. The daily observed stream flow data changed to monthly 

stream flow data for swat cup software by using excel pivot table. Monthly stream flow data from a period of 

2005-2012 were used for model calibration, from 2003-2004 used for warm up period and from 2013-2017 

were used for model validation. 
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Table 3. 3 Average monthly stream flow in Gedeb (Amannuel) gauged station (2003-2017) (m3/s). 

M/Y JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC 

2003 1.59 1.31 1.73 1.30 0.32 3.33 19.26 34.26 10.86 1.69 0.28 1.88 

2004 2.27 1.20 1.64 2.48 1.95 5.62 16.00 23.45 11.70 7.98 4.00 2.87 

2005 2.23 1.72 2.58 1.84 2.00 2.96 17.04 24.56 34.59 8.61 4.02 2.78 

2006 2.30 1.99 2.20 2.56 3.45 9.06 19.57 45.37 28.17 11.45 10.3 6.25 

2007 2.48 2.54 1.92 2.33 3.90 10.10 17.72 23.10 23.54 6.84 3.67 2.93 

2008 2.49 2.17 1.91 2.80 7.11 7.78 17.01 25.81 31.35 6.44 6.78 4.94 

2009 1.55 1.92 2.71 2.50 2.10 3.32 16.95 30.10 13.46 13.13 5.65 3.54 

2010 0.34 0.10 1.38 2.34 2.46 5.30 12.67 24.76 7.44 2.08 0.73 0.21 

2011 0.29 3.15 2.64 2.32 2.22 3.97 11.80 27.84 52.51 28.12 4.80 2.92 

2012 2.34 1.74 1.91 2.79 2.92 4.67 18.40 23.00 20.49 18.05 5.47 3.68 

2013 2.88 2.70 1.90 2.21 3.25 2.52 14.60 24.68 23.62 20.35 8.52 3.96 

2014 3.86 3.55 3.31 3.10 3.73 4.43 10.50 18.45 25.26 13.13 6.74 8.50 

2015 1.34 3.71 3.17 2.55 2.24 2.71 11.00 22.47 12.23 24.59 25.7 22.6 

2016 1.24 5.29 5.07 4.27 3.48 3.30 14.00 26.47 16.69 22.20 15.0 12.2 

2017 2.54 3.89 0.68 0.17 0.43 4.48 15.40 27.80 18.26 13.03 8.05 3.43 
 

3.3.3.2 Climate Data/Weather Data 

Weather data is among the most important data required for the SWAT model. Obtaining from most 

representative meteorological station (Amannuel, RobuGebeya and Debre Markos) and the source is west 

Amhara metrological station.  

3.3.3.3 Weather Data Definition and Weather generator 

For missing data and shortage of daily data, SWAT generates from average monthly values. The model 

generates a set of weather data for each sub basin. The values for any sub basin will be generated 

independently and there will be no spatial correlation of generated values between the different sub basins. 

On top of these data statistical analysis of monthly average, standard deviations, and probability of wet 

and dry days, skew ness coefficients and dew temperature were determined by FORTRAN program 

known as pcpSTAT (Lersch, S. 2003) and program dew.exe (Liersch, S. 2003) for generating missing  

data (identified by -99) and predicting unmeasured and missing data in the basins. SWAT uses a model 

developed by (Schuol, J., & Abbas pour, K. C, 2007) to generate daily precipitation for simulations which 
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are not available in measured data. This precipitation model is also used to fill in missing data in the 

measured records.  

3.3.3.4. Rainfall: - The observed rainfall data was available from 2003-2017yrs was required for the 

Soil and Water Assessment Tool (SWAT). Also, we have to take from most and nearest representative 

stations taken from west Amhara metrological service agency. This rainfall data was formatted as to the 

requirement of the SWAT model and used for model for weather generator. 

3.3.3.5 Statistical parameters calculation for precipitation data 

 After the precipitation data was checked for quality (stated in the next page) and the appropriate station 

selected the statistical parameters of precipitation data must be calculated before model set up. The 

statistical parameters for precipitation were calculated using the programme pcpSTAT.exe. This 

programme calculates the statistical parameters of daily precipitation data used by the weather generator 

of the SWAT model userwgn.dbf (Liersch, S. 2003). The programme can be found at 

(http://swat.tamu.edu/software/links/).  

3.3.3.6 Sediment Data Analysis and preparation of Sediment Rating Curve  
Sediment observations are a necessary basis for solving major water management problems which helps 

to ensure that water resources are used to the best advantage and at the same time protected, as well as 

protecting the watershed against negative effects but this data was not enough to calibration and validation 

of SWAT model. Many researchers have also used sediment rating curve to estimate suspended sediment 

when measured data or not valid (Asselman, N. E. M. 2000). Lack of available sediment data is 

experienced in our country as a whole and it was quite difficult to assess the watershed modeling with the 

scarce data. An option to solve this kind of scarcity is by generation of sediment rating curve. Sediment 

rating curve describes the average relation between water discharge and suspended sediment 

concentration. A relationship between discharge and concentration can be developed which, although 

exhibiting scatter, will allow the mean sediment yield to be determined on the basis of discharge history 

(Lee, G. S., & Lee, K. H. 2010). Most river loads estimated by this method have been underestimated and 

the degree of underestimation increases with the degree of scatter about the rating curve and can reach 

50% (Alge, E., Baldocchi, D., etal 2001). 
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Px = original record precipitation at any time t1 at station x  

Mc = correct slope of the double mass curve  

Ma = original slope of double mass curve 

 

Figure 3. 3 Double mass curve analysis for Amannuel rainfall station 
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Figure 3. 4 Double mass curve analysis for RobuGebeya rainfall station 

 

Figure 3. 5 Double mass curve analysis for Debremarkos rainfall station 
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3.3.6 Spatial Data Collection and Analysis  
The spatial data which are including Digital Elevation Model (DEM), land use land cover map and soil 

map were collected different sources. The DEM and land use land cover collected from Abay basin 

authority and soil map from FAO soil. 

  3.3.6.1 Digital Elevation Model (DEM) Data  
Digital Elevation model (DEM) is one of the main inputs of the SWAT (Soil and Water Assessment Tool) 

model.DEM is used in the SWAT model along with soil and land use/land cover data to delineate the 

watershed and to further divide the watershed into sub-watersheds and hydrologic response units (HRUs). 

Their solution of the Digital Elevation Model (DEM) is the most critical input parameter when developing 

a SWAT model (Volk, M., Fohrer, N., Schmalz, B., & Ullrich, A. 2011).  

The high-resolution DEM (30 X 30 m) was obtained from online elevation databases of the SRTM 

(http://earthexplorer.usgs.gov/). Digital elevation model (DEM) used as input for SWAT mode DEM 

resolution affects the watershed delineation, stream network and sub basin classification (Chaubey etal, 

2005) in the SWAT model. It affects the number of sub-basins and HRUs. The number of sub watersheds 

in the sub basin affects the predicted sediment yield for a watershed (Hamel, P., etal 2017). 

According to (Leh, M. D., & Chaubey, I. 2009) a decrease in DEM resolution resulted in decreased stream 

flow and watershed area. Since the runoff volume and total sediment load depends on the watershed area, 

the decrease in the DEM resolution resulted in large error in the predicted output. Since in the Gedeb 

watershed used DEM resolution is 30*30. 

 
Figure 3. 6 DEM of the Gedeb watershed 
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3.3.6.2 Terrain/slope 

Slope is also used as input data for the model. Land use, slope and soil data used to create HRU 
by overlaying them together. During the creation of HRU the slope was classified to the reasonable range. 

Accordingly, for this work to minimize complexity and to use manageable data and also considering the 

steepness of the area, the slope was classified into five classes. The classes were; 0 -2%, 2 -20%, 20 - 

40%, 40- 60%, and above 60% (Figure 3). Based on these classes the map of slopes of the area was 

developed by using in HRU using SWAT hydrologic model. 

 

 
Figure 3. 7 SWAT slope reclassification in Gedeb watershed  

  3.3.6.3 Soil Data  

Like the Digital Elevation Model (DEM), soil data resolution has also a significant on the modeling of 

stream flow, sediment load and nutrient content. Geza and (Geza, M., & McCray, J. E. 2008) evaluated 

the dependency of the prediction accuracy of the Soil and Water Assessment Tool (SWAT) on how well 

the model input spatial parameters describe the characteristics of the watershed. (Geza, M., & McCray, J. 

E. 2008) used the same number of watersheds to analyze the effect of soil data resolution. 
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Table 3. 4 Soil types for Gedeb Watershed 

Name of soil  Object ID  Value Percentage of total area  

Chromic Cambisoles  15  3 2.268 

ChromicVertisols  16  32 8.501 

Chromic Luvisols  23  21 42.18 

Eutric Nitisols  27  26 27.108 

Lithosols  71  15 0.03 

Peltic Vertisols 84 33 19.913 

 

           

 

 
Figure 3. 8.SWAT soil reclassificatin in Gedeb watershed 

  3.4.9.3 Land use/land cover Data  

Land use/land cover data has also a significant effect on the hydrological modeling. Therefore, a detail 

analysis and mapping of the land use/land cover is crucial for proper hydrological modeling. Land use/land 

cover affects the runoff, Streamflow and sediment yield in the watershed. This study will design at application 

of SWAT for the assessment of impacts of land use land cover change and best sediment management practices 

that are related to hydrology of runoff and sediment yield of the watershed. For this study two  
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land uses/cover satellite image were obtained for the year 1985 and 2018 And obtained by downloading 

from website www.earhexplorer.usgs .Based on the study area land use/ land cover type the image 

classification was conducted  and the land cover map was produced using ArcGIS 10.3 . 

Before starting classification of the imagery data land use and land cover classes have to be differentiated 

using the available data source by extracting from Amhara land use/land cover shape file that were 

obtained from Abay basin authority. Image classification is the process of assigning of pixels of 

continuous raster image to the predefined land cover classes.  

The result of the classifications is mostly affected by various factors such as classification methods, 

collecting of training sites/samples etc. it must be kept in mind that maps are simple attempts to represent 

what actually exists in the area and are never completely accurate. For this study the supervised 

classification type was applied. It is the most common type of classification technique in which all pixels 

with similar spectral value are assigned in to land cover classes. For this study the land cover was produced 

based on supervised classification through the steps such as selecting of the training sites which are 

representative for the land cover classes and by performing the classification using the Maximum 

likelihood classifier. 

3.4.9.3.1 Supervised classification of land use land cover 
In this research, satellite images were classified. In the first step, using false color composite images, 

especially the composition (4, 3, 2) in the ArcGIS software environment, and the investigation of the 

spectral band histogram, the classes were selected and specified based on differences in properties such 

as color, tone, texture, shape, and size in the image. Then, with the general recognition of the images and 

different image processing algorithms, each class was distinct in separate steps using the supervised 

classification method and the probability maximum likelihood algorithm. Finally, five land use classes 

(including built area, cultivated, water, range and bush lands &forest) were distinguished for the studied 

area. 

http://www.earhexplorer.usgs/
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Figure 3. 9 Training samples for supervised classification using ArcGIS software  

Table 3. 5 Redefined and original land use/land cover for 1985 and 2018 land use land cover 

No Original 

land covers 

Redefined  

land cover acc.to   SWAT 

SWAT 

code 

Coverage over 

the watershed 

(%) 1985 

 Coverage 

over  

2018 

1 Built up area Residential-High Density URHD 

 

0.63% 6.494 

2 Cultivated land agricultural land generic AGRL 14.3% 46.716 

3 Forest land Forest-mixed FRST 19.86% 0.284 

4 Shrub and bush land Range bush RNGB 53.8% 41.96 

5 Water Water WATR 11.4% 4.54 
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Figure 3. 10  Land cover map of Gedeb watershed in 1985 after supervised classification 
 

 
Figure 3. 11 Gedeb watershed lulc 2018 after supervized classification 
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ArcGIS 10.3 installed having an extension of SWAT 2012, different satellite image data were downloaded 

and using supervised classification classify the image using ArcGIS, also prepare land use map for Arc 

SWAT, after that DEM 30* 30m, soil and land use data for the basin clipped and layered in the model. 

The second step will be to add SWAT input files i.e. daily rain fall, max and min temperature, wind speed 

to HRU, solar radiation and relative humidity in text format after that we run the model. One can edit the 

input files after model run occurred. The next step was evaluated land use and land cover dynamics on 

sediment yield and check the model output, but the parameter has to calibrate and validate to check the 

model is acceptable for the intended area. After validation run the model for available year. Finally, result 

would be printed and based on the printed result, sediment yield for each sub basins will be known and 

different management intervention can be made for those hot spot areas. 
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                                          Figure 3. 12. Conceptual frame work for the study area 
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3.8.2 Hydrological Component of SWAT 
The Simulation of the hydrology of a watershed is done in two separate divisions. 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 (Arnold et al., 1999). To accurately predict the movement of pesticides, sediments or nutrients, 

the hydrologic cycle as simulated by the model must conform to what is happening in the watershed. 

Simulation of the hydrology of a watershed can be divided in to two major divisions.  

1. The land phase of the hydrologic cycle  

      2. The water or routing phase of the hydrologic cycle (channel processes).  

The first division controls the amount of water, sediment, nutrient and pesticide loadings to the main 

channel in each sub basin. The second division is routing phase of the hydrologic cycle that can be defined 

as the movement of water and sediments through the channel network of the watershed to the outlet. In 

the land phase of hydrological cycle, SWAT simulates the hydrological cycle based on the water balance 

equation (Oeurng et al., 2011).  

 
 

Figure 3. 13 Schematic representation of the hydrologic cycle for 1985 lulc. 
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factor used by USLE represents energy used in detachment only. Delivery ratios are not needed with 

MUSLE because the runoff factor represents energy used in detaching and transporting sediment (Neitsch, 

S. L., etal. 2011).  

3.8.3.2 Sediment routing 

In SWAT water is routed through the channels network using either the variable storage routing or 

Muskingum River routing method. Sediment transport in the channel network is a function of two 

processes, deposition and degradation, operating simultaneously in the reach (Neitsch, S. L., etal. 2011). 

There are two options in SWAT to compute deposition and degradation in the reach. The first and 

traditional way is to keep the channel dimensions constant so that SWAT will compute deposition and 

degradation using the same channel dimensions throughout the simulation and the second is to activate 

channel degradation and allow channel dimensions to change and updated us a result of down cutting and 

widening (Neitsch, S. L., etal. 2011). When channel down cutting and widening is simulated, channel 

dimensions are allowed to change during simulation period. Three channel dimensions are allowed to vary 

in channel down cutting and widening simulations: bank full depth, channel width and channel slope. 

Channel dimensions are updated when the volume of water in the reach exceeds 1.4*106 m3 (Neitsch, S. 

L., etal. 2011).  

3.8.3.3 Landscape contribution to sub basin routing reach 

From the landscape component, SWAT keep tracks of the particle size distribution of eroded sediments 

and routes them through ponds, channels, and surface water bodies (Neitsch, S. L., etal. 2011). The 

sediment yield from the landscape is lagged and routed through grassed waterway, vegetative filter strips, 

and ponds, if available, before reaching the stream channel. Thus, the sediment yield reaching the stream 

channel is the sum of total sediment yield calculated by MUSLE minus the lag, and the sediment trapped 

in grassed waterway, vegetative filter strips and/or ponds (Neitsch, S. L., etal. 2011). 

3.8.3.4 Sediment routing in stream channels  

Sediment routing is the function of peak flow rate and mean daily flow. When the watershed was 

delineated into smaller sub basin, each sub basins has at least one main routing reach. Therefore, the 

sediment from upland sub basins is routed through these reaches and then added to downstream reaches. 

To do this, SWAT uses the simplified version of Bagnold equation (Bagnold, R. A. 1977) and the 

maximum amount of sediment that can be transported from a reach segment is a function of the peak 

channel (Neitsch, S. L., etal. 2011). 
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selected. The critical inputs were elevation, land use, climatic data and stream flow information & 

sediment data. 

3.9.1 Model Parameterization 

     3.9.1.1. Watershed Delineation 

The watershed delineation interface in SWAT is separated in to different sections including DEM setup, 

Stream definition, outlet, watershed outlet selection and calculation of sub basin parameters. After the 

initial sub basin definition delineation, the generated stream network can be redefined by inclusion of 

additional sub basin sub basin inlet and out let. Adding an outlet at the location of established monitoring 

stations (the location of flow gauging station) is useful for the comparison of flow concentration between 

the predicted and observed data. 

  3.9.1.2. HRU analysis 

Hydrologic response units (HRUs) are lumped land areas within the sub-basin that comprised of unique 

land cover, soil and management combinations. HRUs enable the model to reflect differences in 

Parameters and other hydrologic conditions for different land covers and soils. The runoff is estimated 

separately for each HRU and routed to obtain the total runoff for the watershed. This increases the 

accuracy in flow prediction and provides a much better physical description of the water balance.  

The land use and the soil data in a projected shape file format were loaded into the SWAT interface to 

determine the area and hydrologic parameters of each land-soil category simulated within each sub-

watershed. The land cover classes were defined using the look up table. A look-up table that identifies the 

4-letter SWAT code for the different categories of land cover/land use was prepared so as to relate the 

grid values to SWAT land cover/land use classes. Finally, after HRU is completed the model calculates 

different parameters for each HRU and sub-basins. In order to simulate hydrological processes in a 

watershed, SWAT divides the watershed in to sub watersheds based upon drainage areas of the tributaries. 
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Figure 3. 15 SWAT Classification of Gedeb watershed (in to Sub basins)  

     3.9.1.3 Write Input Table  

The Arc SWAT program-built database file that contained information needed to generate default 

input for running of SWAT model (Arnold etal., 2012) .The input data needed include the Digital 

Elevation Model (DEM), soil data, land use and weather data river discharge and sediment data for 

estimation, prediction sediment yield and calibration purposes. 

    3.9.1.4 Edit SWAT input 

The Edit SWAT allows editing the input SWAT model database and the watershed database file 

containing the current input for SWAT model. This step of model set up used to modify soil parameters, 

land use type and slope etc. But there is no edit data for this study. 

    3.9.1.5 SWAT Simulation and run SWAT 

The SWAT simulation allows to run the SWAT model, perform sensitivity analysis, calibration and 

validation was carried out. The swat simulation was performed using 1985 and 2018 land use land cover 

map after preparing using ArcGIS 10.3 software. 
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3.12 Sensitive Analysis, Calibration and Validation 

3.12.1 Sensitive Analysis 
Sensitivity analysis is the method through which parameters are weighed and ranked to determine 

which parameters are the most critical in effecting specific model outputs and we were sensitive analysis 

by using 1985 and 2018 land use map with the same sensitive parameters. It describes as 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 not easy 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.  

Sensitivity parameters can determine which parameters in the watershed are most sensitive and these 

parameters need to be adjusted based on the sensitivity analysis. The model calibration requires identifying 

the controlling parameters and parameter precision (Van den Berghe, S., etal. 2002). Sensitivity analyses 

were performed in different ways: local, which involves changing values one at a time, and global, which 

is the ability to change all the parameter values simultaneously because the sensitivity of each parameter 

depends on the other related parameters the results may vary. Therefore, many researchers like (Singh, J., 

etal 2005) have proposed that a sensitivity analysis should be performed before model calibration to 

identify the most sensitive parameters and just use these in the subsequent calibration. 

3.12.1.1 Local (one-at-a-time) sensitivity analysis 

The one-at-a-time sensitivity analysis is performed for one parameter at a time only by keeping 

the value of other parameters constant. One-at-a-time sensitivity analysis shows the sensitivity of a 

variable to changes in a parameter if all other parameters are kept constant at some reasonable value. This 

constant value can be the value of parameters from the best simulation (simulation with the best objective 

function value) of the last iteration. The drawback with the one-at-a-time sensitivity analysis is that the 

correct values of other parameters that are fixed are never known (Nicks, A.D. 1974).  

3.12.1.2 Global sensitivity analysis 

Global sensitivity analysis performs the sensitivity of one parameter while the value of other 

related parameters are also changing. Global sensitivity analysis uses t-test and p-values to determine the 

sensitivity of each parameter. The t-stat provides a measure of the sensitivity (larger in absolute values 
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4. RESULT AND DISCUSSION 

4.1 Sensitive Parameters 

For the Gedeb catchment both flow and sediment sensitive parameters were carried out at Gedeb near 

Amannuel gauged station using 1985 and 2018 land use land cover map. According to (Abbas pour et al, 

2007) the flow and sediment sensitive parameters were carried out separately. Some parameters were 

sensitive to both flow and sediment; others were only flow or sediments. Therefore, it would be tested 

independently. SWAT model was calibrated and validated on a monthly basis to check its capability to 

model stream flow and sediment yield of Gedeb watershed using a data 15 year (2003 to 2017) since year 

of 2003 & 2004 were warm up period not included for calibration and validation. Data from (2005-2012) 

were used for calibration and the remaining part of the dataset was reserved for validation. The watershed 

was subdivided into 7 sub basins based on a threshold area.  

4.1.1 Stream Flow Sensitive Parameters 
The calibration of stream flow was conducted depending on the sensitive parameters which were 

demonstrated as influential variables on the simulated water balance by the model using 1985 and 2018 

land use/cover. The parameters which were believed to have influence on the simulated flow were taken 

in to consideration from sensitivity analysis result. Before running the calibration, we analyzed the 

sensitivity of the parameters by using the Latin hypercube one-factor-at-a-time (LH-OAT) method of 

SWAT (van Griensven, A. V., 2006). It is important to global and local sensitive analysis method and 

efficient ranking order of parameters. Nine sensitive parameters selected and 200 iterations have been 

done by SWAT-CUP at Gedeb Amannuel gauged station. The parameter identification was done by using 

monthly flow data from 2005 to 2017.  

The ranks of sensitive parameters selected depend on global sensitive analyses p-value and t-statistic and 

these values may be different in 1985 and 2018 land use land cover. A p-value used to determine the 

significant of sensitivity which is the p-value close to zero is more sensitive and the t-stat used to identify 

a measure of sensitivity each parameter that is the largest absolute value of t-stat is more sensitive (Lienert, 

J., Setal 2013). Therefore, the highest flow sensitive parameter is CN2 (SCS runoff curve number) (p 

value=0.00 and t-test=-31.28), the next sensitive parameters are base flow alpha factor for bank of storage 

(ALPHA- BNK), (GW_DELAY) Ground water delay(days), (canmx) Maximum canopy storage, and Soil 

evaporation compensation factor (ESCO). Table (4.1) shows the most flow sensitive parameters and their 

ranks by using p-value and t-test. 
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Table 4. 1 Calibrated sensitive parameters for stream flow using 2018 land use/cover 

 

No 

 

Parameter 

  

Description of parameter 

range Fitted 

value 

  

rank max max t-test p-value 

 

1 

ALPHA BF.          Base flow  

alpha factor (mm) 

0 1 0.089 -0.62 0.53 2 

2 CN2.mgt SCS runoff curve number 

 

-0.5 0.5 -0.43 -31.28 0.00 1 

3 SLSUBBSN.   Average slop length 10 150 91.48 -0.65 0.51 7 

4 SOL_z. Sol   Soil depth for each layer 

 

-0.25 0.15 0.06 -1.39 0.16 9 

5 ESCO.bsn Plant uptake 

compensation factor 

 

0 0.05 0.013 -1.034 0.3 6 

6 GW_DELAY. 

W 

  Ground water delay(days) 30 50 32 0.72 0.47 3 

7 GWQM.gw Average slop steepness 0 2 1.37 -1.19 0.23 4 

8 ESCO.bsn Soil 

Evaporation compensation 

factor 

0 0.05 0.012 -0.05 0.95 5 

9 Canmx.hru Maximum canopy storage 0 0.05 0.02 0.94 0.34 8 
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Figure 4. 1 Global flow sensitive parameters (p-value) and (t-stat) in study area 

   4.1.2 Sediment Sensitive Parameters 
The most sensitive parameter in this study are soil conservation service run off curve number (CN2), 

average slop length (SLSUBBSN), exponent parameter for calculating sediment reentrained in channel 

sediment routing (SPEXP), (GWQMN) Average slop steepness, SOL_Z Soil depth (for each layer) and 

(Spcon.Bsn) Liner parameter for calculating the maximum amount of sediment that can be reentrained 

during channel sediment routing and so on. 
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Table 4. 2 Calibrated sensitive parameters for Sediment Yield 2018 lulc 

 

no 

 

Parameter 

 

Description of parameter 

Range Fitted 

value 

  

rank max Min t-test p-value 

1 SPEXP.bsn Exponent parameter for 

calculating sediment 

reentrained in channel 

sediment routing 

1.500     1.3      1.35        -0.6 0.53 6 

2 GWQMN.gw Average slop steepness 2 0 0.59     1.24 0.2 4 

3 RSDIN.hru Initial residue 

 cover (kg/ha). 

983 911        913 1.25 0.21 3 

4 Spcon. bsn Liner parameter for 

calculating 

the maximum amount of 

sediment that can be 

reentrained during channel 

sediment routing 

0.01    0.0001 0.003       1.02 0.307 5 

5 HRU_SLP average slope steepness   1           0.0       0.45       3.48 0.0006 2 

6 SLSUBBSN       Average slop length 150 10.0       20.59        -0.21 0.83 9 

7 CN2.mgt             SCS runoff curve number 0.500 -0.500      0.2 33.49 0.00 1 

8 CH_COV1 Channel erodibility factor 

[cm/h/pa] 

0.57 0.54 0.558 0.44 0.65 7 

9 CH_COV2 Channel cover factor 0.6 0.4 0.41 0.4 0.68 8 

10 SOL.Z.sol Soil depth (for each layer) 0.15 -0.25 -0.15 -0.16 0.86 10 

4.2 Flow calibration and validation   

 4.2.1 Flow calibration using 1985 land use land cover 
SWAT 2012 model was calibrated and validated using measured stream flow data in Gedeb river near 

Amannuel gauged station by using SWAT-CUP SUFI2. 

The calibration period was carried out for eight years that is from January 2005 to December 2012 and 

the validation period carried out five years from January 2013 to December 2017. The result of calibration 
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as shown the following Figure (4.2) the coefficient of determination (R2) is 0.81 and Nash Sutcliff 

Efficiency (NSE) is 0.79. 

 

 
Figure 4. 2 Measured and simulated monthly flow for calibration using 1985 Lulc (2005-2012) 

 
Figure 4. 3 Fit line of measured and simulated flow for calibration using 1985 lulc (2005-2012) 
 

Table 4. 3 Observed and simulated flow for calibration using 1985 land use/cover 
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Time(year) Average Flow                                                            

(m3/s) 

Model Efficiency (Monthly) 

2003-2017 Observed Simulated R2 NS        PBIAS 

8.65 8.59 0.81 0.79        1.4 

4.2.2 Flow Validation for 1985 land use/cover 
Model output validation results are necessary to increase user confidence. It involves re-running the model 

using the input data and without any adjustment of calibration parameters at different time period. 

Therefore, for this study the model validation carried out monthly flow from January 2013 to December 

2017. The coefficient of determination (R2) is 0.75 and Nash Sutcliffe Efficiency (NS) is 0.75. 

 

 
Figure 4. 4 Measured and simulated flow for validation (m3/s) using 1985 land use/cover (2013-2017) 
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Figure 4. 5 Fit line of observed and simulated flow validation using 1985 lulc 

Table 4. 4 Observation and simulation flow validation Using 1985 lulc 

Time(year) Average 

Flow (m3/s)                                                       

 Model Efficiency (Monthly) 

2013-2017 Observed Simulated R2 NS                   PBIAS 

9.12 8.89 
 

0.75 0.747                 1.3 

4.2.3 Flow calibration using 2018 land use/cover change 
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Figure 4. 6 Measured and simulated monthly flow calibration using 2018 lulc (2005-2012) 

 
 
Figure 4. 7 Fit line of measured and simulated flow for calibration using 2018 land use/ cover 

 

Table 4. 5 Observed and simulated flow for calibration using 2018 land use/cover 

Time(year) Average  

Flow (m3/s)                                                        

Model Efficiency (Monthly) 

2003-2017 Observed Simulated R2 NS               PBIAS 

8.65 8.66 0.8 0.75                 0.0 
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4.2.4 Flow Validation for 2018 land use land cover 

 
 
Figure 4. 8 Measured and simulated monthly flow validation period of using 2018 LULC (2013-2017) 

 

Percent bias (PBIAS): PBIAS measure the average tendency of the simulated data to be larger or smaller 

than their observed counterparts. The optimal value of PBIAS is zero, with low magnitude values 

indicating accurate model simulation. Positive values indicate model underestimation bias, and negative 

values indicate model over estimation. If PBIAS value of ±10 %< PBIAS<±15% is achieved in flow 

calibration or validation then the model performance is good. 
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Figure 4. 9 Fit line of measured and simulated flow validation using 2018 LULC 

 

Table 4. 6 Observation and simulation flow for validation using 2018 LULC 

Time(year) Average Flow                  

(m3/s) 

Model Efficiency (Monthly) 

2013-2017 Observed Simulated R2 NS                  PBIAS 

9.12 8.89 0.73 0.72                 0.9 

 

4.3 Sediment Calibration and validation for 1985 and 2018 LULC 

Sediment calibration and validation was conducted for two land uses using observed sediment yield 

which was estimated by using sediment rating curve. 

   4.3.1 Sediment Calibration using 1985 land use/cover 
SWAT model were calibrated for monthly sediment yield where after calibration and validation of stream 

flow at the Gedeb near Amannuel gauged station. The observed sediment data are based on the rating 

curve of gauged station. The modeling was comparing observed sediment with model simulated sediment 

for the calibration period from 2005 to 2012 without warm-up period. The SWAT model performance 

evolution simulation monthly sediment yield at Gedeb Amannuel gauged station. The coefficient of 
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determination (R2) value is 0.68 and Nash- Sutcliff model efficiency (NSE) value is 0.62. The graphical 

comparison of measured and simulated sediment yield showed in figure 4.10 and 4.11 

 

 
Figure 4. 10 Observed and simulated sediment calibration using 1985 LULC (2005-2012) 

 

 
Figure 4. 11 Fit line of observed and simulated sediment calibration using 1985 LULC. 
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Table 4. 7 Observed and simulated sediment yield calibration using 1985 lulc 

Time(year) Average sed_yield (t/ha/ month)                  Model Efficiency (Monthly) 

2013-2017 Observed Simulated R2 NS               PBIAS 

7.16 8.57 0.68 0.62              -19.6 

4.3.2 Sediment Validation using 1985 land use/land cover 
SWAT model monthly sediment validation was done after sediment calibration without further parameter 

adjustment. The model monthly validation period is different from the calibration period. Validation was 

performed for 5 years from January 2013 to December 2017. The correlation coefficient (R2) is 0.65 and 

Nash-Sutcliffe Efficiency (ENS) is 0.63. Those value show that a good agreement between observed and 

simulated sediment. 

 
Figure 4. 12 Observed and simulated sediment yield validation using 1985 lulc (2013-2017) 
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Figure 4. 13 Fit lines observed and simulated sediment validation using 1985 lulc 

 

Table 4. 8 Observed and simulated of sediment yield for validation using 1985 LULC 

Time(year) Average Sed_yield          

(t/h/m) 

Model Efficiency (Monthly) 

2013-2017 Observed Simulated R2 NS 

8.56 9.73 0.65 0.63 
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   4.3.3 Sediment Calibration using 2018 land use/cover 

 
Figure 4. 14 Observed and simulated sediment yield for calibration using 2018 LULC (2005-2012) 

 

 
Figure 4. 15 Fit lines observed and simulated sediment for calibration using 2018 LULC 
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4.3.4 Sediment Validation using 2018 land use/cover 

 
Figure 4. 16 Observed and simulated sediment yield validation using 2018 LULC (2013-2017) 

 

 
Figure 4. 17 Fit lines observed and simulated sediment for validation using 2018 land LULC. 
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Table 4. 9 Average annual basin values by SWAT model using 2018 and 1985 land use land cover 

 
No  Basin parameter AVE annual  

basin values for 2018 

AVE annual  

basin values for 

1985 

 

1 Precipitation  1357 mm 1357 mm 

2 Surface runoff (Q)  212 mm  135.8 mm 

3 Lateral soil Q 267.5 mm  248 mm 

4 Ground water (SHAL AQ) Q  700.85mm  686mm 

5 Ground water (DEEP AQ) Q  37.21mm 36.45mm 

6 Total water YLD 1217.51mm 1108mm 

7  Percolation out of soil  634.25 mm  729 mm 

8  ET     132.3 mm    173 mm 

9 PET    386.4mm   423mm 

10 Total sediment yield loading      12.14 t/ha 9.7 t/ha 
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Figure 4. 18 Spatial distribution of surface runoff in study area Using 2018 lulc 

 

 
Figure 4. 19 Spatial distribution of surface runoff in study area Using 1985 land use land cover map. 
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Assessment of the spatial variability of Surface runoff is useful for catchment management planning and 

identifying the most erodible sub-catchment. Most of the extreme erosion was observed in the cultivated 

land (Agriculture) and low erosion was observed in the range bush and forest covers. Severe erosion was 

dominant in sub basins 7, 6, 5, Moderate erosion or low erosion in sub basins 1& 2 using 2018 land 

use/cover and highly eroded sub basin were occurred in sub basin 6,4 and 2 and moderate erosion in sub 

basin 7,3 and 5 using 1985 land use/cover. 

 Hence the land use and land cover change affecting on surface runoff or different in past and current 

situation. The annual average measured suspended sediment generated from the sediment rating curve 

was 16.48ton/ha/ yr. and the simulated annual average sediment yield by SWAT model was 12.14t/ha/yr 

for 2018 land use land cover and also 9.7t/ha/y for 1985 land use land cover. The HRU distribution for 

the selected sub basins clearly indicates the lands cover, cultivated land is the major controlling factor for 

sediment potential areas. 

     
Figure 4. 20 Spatial Distribution of sediment yield in Gedeb watershed for 2018 LULC 
Sediment yield of a watershed is the summation of suspended and bed load. The analysis described above 

is suspended sediment load. Suspended load is the portion of the sediment that is carried by a fluid flow 

which settles slowly enough such that it almost never touches the bed. Whereas Bed load consists of 

sediments that are moving along in a river bottom, or just above the bottom, essentially by either rolling 

or "saltation," where particles bounce along the bottom.  

These heavier particles are usually sands and gravels. From the total sediment contribution bed load 

contributes 10 to 15% of suspended load. It is important to deal with relationship between Surface runoff 

and sediment yield in any modeling approach to identify the cause & effect and relationship with the 

model results. Even if the sediment rating curve was generated from observed flow the calibration process 
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changes the simulated flow & sediment yield. High surface runoff values are directly related to high values 

of sediment yield in the sub basins, accordingly the catchment surface run off has an influence or direct 

effect for high sediment loading in addition to the effect of land use/cover. 

4.5 Temporal Variation of Sediment 

The temporal variation of sediment yield characteristic of the entire sub-catchment has been computed 

with SWAT model. Catchment sediment yield is a function of catchment size, land use/cover, soil type, 

slope and climate. After calibration and validation of flow and sediment in the Amannuel gauged station 

the comparison between sediment yield, catchment discharge and rainfall are direct relationship which is 

the higher rainfall will have the higher runoff and sediment yield. The maximum sediment deposing 

recorded in the period of 2006,2011 and 2008.Therefore, sediment yield varies from season to season due 

to wide spread of cultivated area and uneven distribution rainfall in the basin.  

Table 4. 10 Temporal variation of sediment in the Gedeb Catchment. 

No  Year Sediment (ton/year) from rating curve 

1 2003 7987.39 

2 2004 5269.46 

3 2005 10252.99 

4 2006 13380.45 

5 2007 7203.96 

6 2008 11868.56 

7 2009 8036.52 

8 2010 3790.92 

9 2011 13076.02 

10 2012 3957.51 

11 2013 6707.24 

12 2014 6111.85 

13 2015 8954.75 

14 2016 5582.10 

15 2017 3523.93 
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Figure 4. 21 Temporal variation of sediment hectograph 

Rainfall runoff is highly contributed to the process of detachment, transport and deposing of sediment 

particles. The beginning of rain season rapidly increases sediment yield. The higher value of sediment 

yield observed during Jun, July and august which has higher rainfall intensity and soils at this season can 

easily erodible. 

4.6 Spatial Variation of Sediment yield 

Identification and ranking of critical erosion prone areas is an important consideration for policy 

makers to implement best management strategies that are more sustainable in future for long term 

used of these natural resources (Kumar and Mishra, 2014). After the model calibration and validation of 

sediment identify the model simulation of the spatial sediment distribution on the Gedeb catchment. 

 Table 4.12 show the spatial distribution of sediment in the Gedeb catchment for different land use land 

cover. The maximum annual sediment generation in the sub-catchment 4, sub-catchment 6 and sub-

catchment 3 and the minimum annual sediment generation in the sub-catchment 1 sub-catchment 2 for 

1985 land use land cover. therefore, sub-catchment is the most erodible area and the average annual 

sediment distribution ranges from greater than 10 ton/ha for 2018 land use land cover. Generally, sub 

basin 6, crop agriculture, soil pellic vertisols, is mostly affected by runoff and sediment yield at HRU 51. 
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Table 4. 11  Spatial variation of sediment in Gedeb catchment 

No Sub-

chachiment 

Sediment 

distribution(t/ha/y) for 

land use/cover 1985 

Sediment 

distribution(t/ha/y) for 

2018 land use/cover  

1 1 
11.57 

      12.1 

2 2 12.505       13.992 

3 3 418.867       617.563 

4 4 563.466       537.9 

5 5 310.413       874.487 

6 6 442.038      750.613 

7 7 108.135       505.726 

4.7 Effect of Land use and Land cover change 

4.7.1 Effects Land use Land cover change on Stream flow 
After calibration and validation of stream flow for two land use maps for calibration and validation period 

using SWAT model was run two times for two land use using the calibrated and validated parameters. 

This helps to evaluate land use land cover change effect in watershed hydrology. To evaluate the effect 

the stream flow results for the different years were compared based on the validated values see Table 4.13. 

Based on the availability of data for calibration and validation, evaluation of land use changes in stream 

flow was conducted for Gedeb river near Amannuel station stations using two land use data.  

Table 4. 12 Mean annual stream flow (m3/s) results for calibration and validation period. 

Year 1985 2018 change 

 simulated simulated  

Calibration 8.59 8.66 +0.07 

Validation 8.89 9.04 +0.15 

Stream flow simulation showed higher increase for both calibration and validation based on different land 

use land cover change. The stream flow changes because of land cover changes of the catchment (an 

increase of cultivated land during the study period which was identified from the two land use data). 

4.7.2 Effects Land use/cover Change on Sediment Yield 

After calibration and validation of sediment yield for 1985 and 2018 land use maps in SWAT-CUP, the 

SWAT model was run two times for two land use. This helps to evaluate land use land cover change effect 
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in sediment yield. To evaluate the effect the average annual yield of sediment transports out of Gedeb 

river near Amannuel sub-basins using two land use were compared.  

Table 4. 13 Mean annual sediment yield (t/ha/year) in Gedeb River Catchment. 

Year 1985 Land use Land cover 2018 Land use lad cover change 

 simulated simulated  

Calibration 8.57 8.63 +0.06 

Validation 9.7 10.03 +0.33 

Sed in t/ha 

 

1400 1431 31 

An increase of cultivated area during the study period resulted in increase in sediment yield by 31t/ha for 

Gedeb near Amannuel station. These results indicated that land use change has a significant effect on 

sediment yield of Gedeb River Catchment near Amannuel. 
 

 

 

 

 

 

 

 

 

 

 

. 

 

 

 

 



78 
 

5. CONCLUSION AND RECOMMENDATION 

5.1 Conclusion  

In this study, a conceptual, distributed parameter, continuous time, river basin model, SWAT2012 was 

used to evaluate land use land cover dynamics, simulate runoff and sediment from Gedeb watershed near 

Amannuel in Ethiopia. The model operates on a daily time step and allows a basin to be subdivided into 

grid cells or natural sub-watersheds. The objective of the study was to determine the SWAT to simulate 

sediment yield giving priority to the later, evaluate stream flow and sediment yield using 1985-2018 land 

use/cover from Gedeb watershed. A GIS interface was used to prepare and process a geospatial data 

required running the model. Automatic calibration of SWAT model using Sequential Uncertainty Fitting 

version two was used. As the goal of this study was to model sediment yield by using SWAT model, the 

model was evaluated by using available data from the catchment to attain the required objectives with the 

following conclusive reports.  

In this study, attempts were made to characterize Gedeb watershed (near Amannuel) in terms of sediment 

yield, surface runoff from a model, to evaluate spatial distribution of sediment source areas or identify hot 

spot areas by using SWAT model. SWAT model has been successfully used to estimate the sediment yield 

and surface runoff in the Gedeb catchment. Calibration and validation of the SWAT model is a key factor 

in reducing uncertainty and increasing user confidence in its predicative abilities, which makes the 

application of the model for decision making. The study area covers 226km2   near Amannuel which is 

subdivided into 7 sub basins, sub basins were further divided into 67 HRU based on 10% land use, 15% 

soil and 20% slope classification. The important parameters were identified for calibration based on the 

sensitivity analysis using the SWAT model. The most stream flow sensitive parameters were,(CN2) SCS 

runoff curve number, base flow alpha factor for bank of storage (ALPHABNK), Soil evaporation 

compensation factor (ESCO) and, (SOL_Z) Soil depth for each layer Plant uptake, Ground water delay 

(days), (canmx) Maximum canopy storage, (EPCO) plant uptake composition factor, and the most 

sediment sensitive parameters are soil conservation service run off curve number (CN2), average slope 

steepness (HRU_SLP), exponent parameter for calculating sediment reentrained in channel sediment 

routing (SPEXP) and (Spcon.Bsn) Liner parameter for calculating the maximum amount of sediment that 

can be reentrained during channel sediment routing. Automatic model calibration was performed for 

stream flow and sediment yield on Gedeb Amannuel gauged station based on 1985 and 2018 land use land 

cover separately. The steam flow calibration period was (2005-2012) and validation period was (2013-

2017). The model performance evolution during monthly stream flow calibration and validation period 
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indicated that R2=0.81, NS=0.79 and R2=0.75, NS=0.747 using 1985 land use/cover map and for 2018 

land use land cover map R2=0.8, NS=0.75 AND R2=0.73, NS=0.72 respectively. The result indicates a 

good match between measured and simulated stream flow, by considering the acceptable limits of 

statistical model evaluation criteria. 

After stream flow was calibrated and validated, sediment yield was calibrated and validated with 

correlation coefficient (R2=0.69), Nash-Sutcliffe model efficiency (ENS= 0.62) in the calibration period 

and R2=0.654, NSE=0.63 in the validation period by using 1985 land use/cover map and 

R2=0.71,ENS=0.69 by using 2018 land use/cover respectively. The result indicates a good match between 

measured and simulated sediment yield, by considering the acceptable limits/ranges. The 15 years 

simulation result indicates that the simulated annual average suspended sediment yield by SWAT model 

was 2712.5ton/yr. Which is 12.14t/ha/yr for 2018 land use land cover and 9.7t/ha/y for 1985 land use land 

cover and the annual average measured suspended sediment was 3724.48 ton/yr. which is 16.68 ton/ha/yr. 

Sub-catchment 6, 4 and sub-catchment 7 are high sediment generated area (hot spot area) and sub-

catchment 3 and 1 are low sediment generate area. Generally, On the basis of the results obtained in this 

study, the land use/cover change affects or showed that stream flow, sediment yield and runoff different 

from1985-2018 in the watershed or different output values now and in the past due to the change from 

range and bush land to agricultural land and built up area. 

5.2 Recommendation 

Modeling a watershed in developing countries like Ethiopia is a serious challenge due to absence of 

relevant information and data. Likewise, Understanding the biophysical, hydrological and hydraulic 

problems and proposing pertinent intervention measures to control degradation, soil fertility reduction, 

improving land and water productivity, enhancing ecological and environmental functions in developing 

countries are serious challenges due to absence of relevant information and data, Gedeb watershed is one 

of the contributor sediment, loss of  soil fertility of blue Nile basin especially for south Gojjam sub basin 

so we should be control and manage.   

One of the constraints in conducting this research work was lack of continuous measured suspended 

sediment data. The sediment data used for this study were generated from sediment rating curves 

developed from limited sediment measurement data. Therefore, possible discrepancy of actual sediment 

and sediment data derived based on rating curves. However, superior results can be obtained if detail 

suspended sediment data are used. Hence, responsible bodies should give special attention to the time and  

 







82 
 

14. Awulachew, S. B., Ahmed, A. A., Haile Selassie, A., Yilma, A. D., Bashar, K. E., McCartney, M. P., 

& Steenhuis, T. S. (2010). Improved water and land management in the Ethiopian highlands and its 

impact on downstream stakeholders dependent on the Blue Nile. 

15. Ayalew, L., & Yamagishi, H. (2004). Slope failures in the Blue Nile basin, as seen from landscape 

evolution perspective. Geomorphology, 57(1-2), 95-116. 

16. Ayalew, L., Yamagishi, H., & Ugawa, N. (2004). Landslide susceptibility mapping using GIS-based 

weighted linear combination, the case in Tsugawa area of Agano River, Niigata Prefecture, 

Japan. Landslides, 1(1), 73-81. 

17. Bagnold, R. A. (1977). Bed load transport by natural rivers. Water resources research, 13(2), 303-312. 

Page 63 0r 49 

18. Barnsley, M. J., & Barr, S. L. (1996). Inferring urban land use from satellite sensor images using 

kernel-based spatial reclassification. Photogrammetric engineering and remote sensing, 62(8), 949-

958. 

19. Bayabil, H. K. (2009): Are runoff processes ecologically or topographically driven in the (sub) humid 

Ethiopian Highlands? The case of the Maybar watershed, M.P.S Thesis. Cornell University, Ithaca, 

NY, USA. 

20. Bergsma, E., Charman, P., Gibbons, F., Hurni, H., Moldenhauer, W. C., & Panichapong, S. 

(1996). Terminology for soil erosion and conservation. ISSS: ITC: ISRIC. 

21. Betrie, G. D., Mohamed, Y. A., Griensven, A. V., & Srinivasan, R. (2011). Sediment management 

modelling in the Blue Nile Basin using SWAT model. Hydrology and Earth System Sciences, 15(3), 

807-818. 

22. Bezdek, J. C., Coray, C., Gunderson, R., & Watson, J. (1981). Detection and characterization of cluster 

substructure i. linear structure: Fuzzy c-lines. SIAM Journal on Applied Mathematics, 40(2), 339-357. 

23. Biswal, S. K. (2015). Mathematical model for flow and sediment yield estimation on Tel river basin 

of India (Doctoral dissertation). 0r Shaikh, M. S., & Shetkar, R. V. Soil Erosion Estimation Modelling 

by Revised Universal Soil Loss Equation and Soil and Water Assessment Tool on Geographic 

Information System Platform. 

24. Bokan, L. T. (2015). Simulation of sediment yield using SWAT model: a case of Kulekhani 

watershed (Master's thesis, NTNU). 

25. Britz, W., Verburg, P. H., & Leip, A. (2011). Modelling of land cover and agricultural change in 

Europe: Combining the CLUE and CAPRI-Spat approaches. Agriculture, ecosystems & 

environment, 142(1-2), 40-50. 





84 
 

38. Geza, M., & McCray, J. E. (2008). Effects of soil data resolution on SWAT model stream flow and 

water quality predictions. Journal of environmental management, 88(3), 393-406. 

39. Giljum, S., & Hubacek, K. (2001). International trade, material flows and land use: developing a 

physical trade balance for the European Union. 

40. Goyal, V., Malik, R. S., & Jhorar, B. S. (2012). Modeling groundwater recharge from the lined farm 

canal under shallow water table condition. Indian Journal of Agricultural Research, 46(3). 

41. Hamel, P., Falinski, K., Sharp, R., Auerbach, D. A., Sánchez-Canales, M., & Dennedy-Frank, P. J. 

(2017). Sediment delivery modeling in practice: Comparing the effects of watershed characteristics 

and data resolution across hydroclimatic regions. Science of The Total Environment, 580, 1381-1388. 

42. Hurni, H. (1985). Erosion-productivity-conservation systems in Ethiopia. 

43. Kankam-Yeboah, K., Obuobie, E., Amisigo, B., & Opoku-Ankomah, Y. (2013). Impact of climate 

change on streamflow in selected river basins in Ghana. Hydrological Sciences Journal, 58(4), 773-

788. 

44. Kankam-Yeboah, K., Obuobie, E., Amisigo, B., & Opoku-Ankomah, Y. (2013). Impact of climate 

change on streamflow in selected river basins in Ghana. Hydrological Sciences Journal, 58(4), 773-

788. 

45. Kebede, S., Travi, Y., Alemayehu, T., & Marc, V. (2006). Water balance of Lake Tana and its 

sensitivity to fluctuations in rainfall, Blue Nile basin, Ethiopia. Journal of hydrology, 316 

46. Kidane, D., & Alemu, B. (2015). The effect of upstream land use practices on soil erosion and 

sedimentation in the Upper Blue Nile Basin, Ethiopia. Research Journal of Agriculture and 

Environmental Management, 4(2), 55-68. 

47. Kim, U., & Kaluarachchi, J. J. (2009). Climate Change Impacts on Water Resources in the Upper Blue 

Nile River Basin, Ethiopia 1. JAWRA Journal of the American Water Resources Association, 45(6), 

1361-1378. 

48. Kiniry, J. R., Blanchet, R., Williams, J. R., Texier, V., Jones, C. A., & Cabelguenne, M. (1992). 

Sunflower simulation using the EPIC and ALMANAC models. Field Crops Research, 30(3-4), 403-

423. 

49. Kumar Mishra, B., & Herath, S. (2014). Assessment of future floods in the Bagmati River Basin of 

Nepal using bias-corrected daily GCM precipitation data. Journal of Hydrologic Engineering, 20(8), 

05014027. 

50. Lambin, E. F., Geist, H. J., & Lepers, E. (2003). Dynamics of land-use and land-cover change in 

tropical regions. Annual review of environment and resources, 28(1), 205-241. 









88 
 

89. Tolessa, T., Senbeta, F., & Kidane, M. (2017). The impact of land use/land cover change on ecosystem 

services in the central highlands of Ethiopia. Ecosystem services, 23, 47-54. 

90.   Tom. (2003). Strategic Plan for the Climate Change Science Program. US Climate Change Science 

Program. 

91. Van den Berghe, S., Verwerft, M., Laval, J. P., Gaudreau, B., Allen, P. G., & Van Wyngarden, A. 

(2002). The local uranium environment in cesium uranates: a combined XPS, XAS, XRD, and neutron 

diffraction analysis. Journal of Solid State Chemistry, 166(2), 320-329. 

92. van Griensven, A. V., Meixner, T., Grunwald, S., Bishop, T., Diluzio, M., & Srinivasan, R. (2006). A 

global sensitivity analysis tool for the parameters of multi-variable catchment models. Journal of 

hydrology, 324(1-4), 10-23. 

93. Volk, M., Fohrer, N., Schmalz, B., & Ullrich, A. (2011). 7 Application of the SWAT Model for 

Ecohydrological Modelling in Germany. Soil Hydrology, Land Use and Agriculture, 176. 

94. West Region (Ghana) using remote sensing (Vol. 16). Cuvillier Verlag. Or Bregt, A., & de Zeeuw, K. 

(2001). Agriculture, forestry and nature: trends and developments across Europe. In Land Use 

Simulation for Europe (pp. 37-44). Springer, Dordrecht. 

95. Wichitarapongsakun, P., Sarin, C., Klomjek, P., & Chuenchooklin, S. (2016). Rainfall prediction and 

meteorological drought analysis in the Sakae Krang River basin of Thailand. Agriculture and Natural 

Resources, 50(6), 490-498. 

96. Williams, J. R. (1982). Testing the modified universal soil loss equation. In Proceedings of the 

Workshop on Estimating Erosion and Sediment Yield on Rangelands, Tucson, Arizona March 7-9, 

1981, Agricultural Reviews and Manuals ARM-W-26, June 1982, p 157-165, 4 Tab, 12 Ref.. 

97. Wilson, C. O., & Weng, Q. (2011). Simulating the impacts of future land use and climate changes on 

surface water quality in the Des Plaines River watershed, Chicago Metropolitan Statistical Area, 

Illinois. Science of the Total Environment, 409(20), 4387-4405. 

98. Yalew, S., Mul, M., van Griensven, A., Teferi, E., Priess, J., Schweitzer, C., & van Der Zaag, P. 

(2016). Land-use change modelling in the Upper Blue Nile Basin. Environments, 3(3), 21. 

99. Yang, J. (2011). Convergence and uncertainty analyses in Monte-Carlo based sensitivity 

analysis. Environmental Modelling & Software, 26(4), 444-457. 

100. Zeidan, B. A., Aly, A. I. M., Rashwan, I. M. H., Ahmed, M. A., & Ghoraba, S. M. (2015, March). 

Scenarios for groundwater remediation using N15 in Nile Delta. In 18th International water 

technology conference, IWTC2015, Sharm El-Shiekh, Egypt. Accessed (pp. 12-14). 

 



89 
 

APPENDICES  

Table A-1 Available sediment data for Gedeb catchment 

  
Date & Time Flow Sediment Sed load(s)=0.0864*Q*c 

River / 

Stream 

Station of Sampling  (m3/s) Conc.(c) (ton/day) 

      

Gedeb Amannuel 29-Apr-03 1.5 555.35 71.97 

Gedeb Amannuel 06-Oct-04 5.120 241.18 106.69 

Gedeb Amannuel 06-Oct-04 5.120 240.00 106.16 

Gedeb Amannuel 06-Oct-04 5.120 240.30 106.30 

Gedeb Amannuel 28-Jun-05 25.610 9115.13 20169.08 

Gedeb Amannuel 28-Jun-05 25.610 6923.17 15318.92 

Gedeb Amannuel 28-Jun-05 25.610 6291.35 13920.89 

Gedeb Amannuel 30-Jul-05 17.560 1845.42 2799.84 

Gedeb Amannuel 30-Jul-05 17.560 2179.22 3306.27 

Gedeb Amannuel 30-Jul-05 17.560 2165.10 3284.85 

Gedeb Amannuel 30-Nov-06 0.738 266.25 16.97 

Gedeb Amannuel 30-Nov-06 0.738 259.06 16.51 

Gedeb Amannuel 30-Nov-06 0.738 304.48 19.41 

Gedeb Amannuel 17-Feb-07 0.159 146.47 2.01 

Gedeb Amannuel 17-Feb-07 0.159 257.30 3.53 

Gedeb Amannuel 17-Feb-07 0.159 130.65 1.79 
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Table A-2 Global sensitivity analysis for stream flow after iteration for 2018 land use land cover 

 
 

Table A-3 Global sensitivity analysis for stream flow after iteration for 1985 land use land cover 

       
 

 



91 
 

 
Figure A.1Global sensitivity analysis of observed and simulation flow Performed after iteration for 2018 

lulc.      

Table A-4 Global sensitivity analysis for sediment after iteration for 1985 land use land cover 
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Table A.5 Average monthly and yearly Basin values for 1985 land use land cover map 

 

 

 



93 
 

Table A.6 Average monthly and yerly basin values for 2018 land use land cover map 
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Table A.7 SWAT annual basin output values for different parameters. 

year PRECIPmm   PET 
mm 

Etmm PREPCmm SURQmm GW_Qmm WYLDmm SYLDt_h
a 

2005 8714.9 2874.7 1113.737 4647.949 1772.679 4418.158 7632.244 223.354 

2006 10853 2580.5 1200.676 5748.452 2408.416 5360.915 9520.236 281.089 

2007 10136 2668.1 1049.934 5476.115 2241.791 5227.267 9170.109 250.501 

2008 9483.3 2771.2 956.544 5093.817 2090.995 4670.91 8304.249 248.586 

2009 9453.1 2737.8 1179.11 4554.845 2526.231 4367.153 8319.429 306.513 

2010 9720.2 2440.3 1033.783 5281.276 2064.951 4971.129 8650.336 231.262 

2011 9830.3 2909.6 1201.693 5154.586 2173.877 4789.93 8508.623 317.906 

2012 8289.5 2976.2 899.375 4371.665 1906.894 4087.537 7346.411 226.357 

2013 9271.2 2622.7 938.738 4981.639 2077.72 4733.265 8338.257 226.706 

2014 9319.3 2399.3 1098.098 5063.547 1863.911 4746.393 8150.881 254.113 

2015 7953 2600.9 1150.284 4246.189 1397.723 4012.86 6789.776 212.919 

2016 9171 2541.9 1077.303 5045.301 1744.875 4732.209 8043.873 210.617 

2017 10056 2613.7 1153.41 5241.327 2281.449 4908.423 8830.974 322.534 
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Table 10: Annual Sediment and Stream discharge entered and leave amount at the outlet Gedeb  

Year Sum of 
FLOW_INcms 

Sum of 
FLOW_OUTcms 

Sum of 
EVAPcms 

Sum of 
SED_INtons 

2005 335.26068 335.05967 0.199792105 402873.6904 

2006 442.92538 442.756 0.179323206 573880.3755 

2007 441.2009 441.01569 0.18510763 506791.305 

2008 359.337399 359.149264 0.190451817 464166.43 

2009 346.2461 346.06206 0.189800466 520886.673 

2010 393.18584 393.02917 0.169152118 446557.392 

2011 324.47418 324.27974 0.202314383 537829.9048 

2012 308.569321 308.371393 0.204178221 397160.3529 

2013 388.8894 388.71207 0.18196657 445473.2202 

2014 355.90309 355.71164 0.166563507 482353.9985 

2015 358.87041 358.70394 0.17999253 405946.0861 

2016 401.25373 401.09277 0.175443415 409031.3324 

2017 454.29333 454.10904 0.185031757 663675.51 

 

Where:  

FLOW_IN Average daily stream flow into reach during time step (m3/s).  

FLOW_OUT Average daily stream flow out of reach during time step (m3/s).  

SED_IN Sediment transported with water into reach during time step (metric tons).  

SED_OUT Sediment transported with water out of reach during time step (metric tons).  
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Figure A-4 Shows that after composite the land sat image with bad adding training samples 

 

 

 

 

 

 


