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Abstract: The high land of Ethiopia is characterized as a region of high rates of land degradation and soil erosion, especially 

the Blue Nile Basin, where the eroded area is due to a significant change of land use/cover. This study aimed to estimate the 

sediment yield of Angar sub-basin using the Soil and Water Assessment Tool (SWAT) model interface of GIS at the outlet. The 

land use map of 1990, 2005, and 2018 was identified from TM, ETM+, and OLI_TIRS satellite images, and the accuracy was 

checked using the error matrix and Kappa statistic. The streamflow and sediment were calibrated and validated to check the 

model performance. The model performance has been evaluated using statistical parameters of coefficient of determination 

(R²) 0.75 to 0.94 for calibration & 0.77 to 0.95 for validation and Nash-Sutcliffe efficiency (NSE) 0.60 to 0.93 for calibration 

& 0.64 to 0.92 for validation. The annual average suspended sediment was 17.64 t/ha/yr. and the simulated annual average 

sediment yield was 18 t /ha/yr., 19 t/ha/yr. & 22 t/ha/yr. for land use of 1990, 2005, and 2018 respectively. The sediment 

severity percentage increased from land-use of 1990 to 2018 by 24.32%. due to the expansion of agricultural activities and 

settlement areas. 
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1. Introduction 

1.1. General Background 

Expanding human requirements and economic activities 

are placing ever-increasing pressures on land resources, 

creating conflicts and resulting in sub-optimal use of both 

land and land resources. The land is a finite resource, while 

the natural resources it supports can vary over time and 

according to the management conditions and uses. The 

importance of land degradation among global issues is 

enhanced because of its impact on world food security and 

the quality of the environment [5]. 

The dynamic nature of land use arising from an increasing 

population, expansion of the agricultural land, and climatic 

change. In Ethiopia, the fast-growing rate of population and 

the density of livestock resulted in forest clearing and 

overgrazing. On the other side, Agricultural production in the 

highlands is dominated by cereal crops, which necessitates 

frequent soil mixing and provides very little ground cover at 

the start of the crop season, thus rendering it more 

susceptible to erosion and land degradation [15]. Expansion 

of agriculture, urbanization, deforestation, and the day-to-day 

activities of people settled in the Angar sub-basin resulted in 

a temporal and spatial change in land use land cover affected 

stream flow pathways and water balance [11]. Land-use 

change is a very important issue considering global dynamics 

and their response to hydrologic characteristics of soil and 

water management in a catchment. Catchments are sensitive 

to land use induced by human activities [4] and land cover 

changes are predicted to have an important effect on river 

flows and sediment yields. 

Experimental data tend to indicate that changes in land use 

have a greater effect on sediment yield than on either total 

runoff or runoff intensity [9]. The removal of the vegetal 

cover from a land surface results in the initial increase in the 

resultant rate of removal of topsoil. Sediment is a serious 

ecological issue observed in Ethiopia, degrading the precious 

soil resources which are the basis of agricultural production 

and food for the country’s population. Sediment yield reflects 

the influences of climate (precipitation), catchment properties 

(soil type, topography), and land use land cover and drainage 
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properties (stream network form and density) [14]. 

Sedimentation in catchment outlets such as reservoirs, lakes, 

ponds, and dams is perhaps the most problematic outcome of 

soil erosion [13]. 

1.2. Statement of the Problem 

Land use/cover dynamics directly influencing the natural 

hydrological systems that might play a crucial role in the 

economic development that needs management and 

conservation while using it to achieve its sustainable 

utilization. 

Soil erosion and land degradation is a major problem in the 

Ethiopian highlands and loses about 1.3 billion metric tons of 

fertile soil every year and the degradation of land through 

soil erosion is increasing at a high rate [8], this is due to poor 

land use management and the lack of appropriate soil 

conservation measures in the country. Angar sub-basin is 

located in the Blue Nile basin, the part of highlands of 

Ethiopia, where the steep and long slope topography is severe 

soil erosion and land degradation. The increasing population 

and agricultural activities caused deforestation. This 

accelerates the removal of fertile productive soil by runoff 

and sediment yield due to land use/cover dynamics problems 

within the study area. Therefore, this study might be used for 

water resources management, land use planning, and 

environmental protections within the Angar sub-basin. 

1.3. Objectives of the Study 

a) To analyze and produce the land use land cover changes 

of Angar Sub-basin. 

b) To estimate and compare the sediment yield of the sub-

basin under the land use/cover changes. 

c) Characterizes the spatial variability of sediment yield 

mapping and identify hotspot area. 

2. Materials and Methods 

2.1. Description of the Study Area 

Angar sub-basin is located in Ethiopia; in the southeastern 

part of the Blue Nile basin which has a drainage area of 

7,980 km
2
. It is found in the East Wollega Zone of Oromia 

National Regional State between 10°95′ and 11°80′ N 

latitudes and 36°70′ and 37°40′ E longitudes. The western 

part is lowlands and the altitude of the sub-basin ranges 

between 868 to 3144 m.a.s.l. The geology formation was 

Adigrat Sandstone, Wollega Basalt, Granite, and Clastics 

deposits [3]. The soils type were; Eutric Cambisols, Camblic 

Arenosols, Haplic Alisols, and Eutric Nitosols. The 

watershed is characterized by tepid to cool and sub-humid 

mid highlands and hot to warm sub-humid lowlands and 

gained the annual rainfall ranging between 1352 mm and 

1874 mm. 

 
Figure 1. Location of the study area. 

2.2. Tools and Methods 

The main tools and data used for input data preparation 

and analysis were: Arc SWAT, SWAT-CUP, PCPSTAT, 

Dew02.exe, DEM, Meteorological data, Hydrological data, 

land use land cover map, and soil map. 

2.3. Description of SWAT Model 

The interface of the SWAT model is compatible with 
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ArcGIS that can integrate numerous available geospatial data 

to accurately represent the characteristics of the watershed. 

SWAT is a public domain software-enabled model actively 

supported by the USDA Agricultural Research Service [1] at 

the Backland Research & Extension Center in Temple, Texas, 

USA. It is a semi-distributed physically-based simulation 

model and can predict the impacts of land-use change and 

management practices on hydrological regimes in watersheds 

with varying soils, land use, and management conditions over 

long periods and primarily as a strategic planning tool [10]. 

The major hydrologic processes that can be simulated by 

this model include evapotranspiration, surface runoff, 

infiltration, percolation, shallow aquifer, and deep aquifer 

flow, and channel routing [1]. The large-scale spatial 

heterogeneity of the study area is represented by dividing the 

watershed into sub-basins. Each sub-basin is further 

discretized into a series of hydrologic response units (HRUs), 

which are unique soil-land use combinations. Soil water 

content, surface runoff, nutrient cycles, sediment yield, crop 

growth, and management practices are simulated for each 

HRU and then aggregated for the sub-basin by a weighted 

average. 

2.4. Hydrological Components of SWAT 

The Simulation of the hydrology of a watershed is done in 

two separate divisions. One is the land phase of the 

hydrological cycle that controls the amount of water, 

sediment, nutrient, and pesticide loadings to the main channel 

in each sub-basin. The second division is the routing phase of 

the hydrologic cycle that can be defined as the movement of 

water, sediments, nutrients, and organic chemicals through 

the channel network of the watershed to the outlet. In the 

land phase of the hydrological cycle, SWAT simulates the 

hydrological cycle based on the water balance equation [10]. 

SWt = ��� +	 (Rday − Qsurf − Ea −Wseep − Qgw)�
���  (1) 

In which, SWt is the final soil water content on a day (mm 

H2O), t is the time (days), SWO is initial soil water content 

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

day i (mm H2O), Qsurf is of the surface runoff on a day i (mm 

H2O), Ea is the evapotranspiration on a day i (mm H2O), 

Wseep is the amount of water entering the vadose zone from 

the soil profile on a day i (mm H2O), Qgw is the amount of 

return flow on a day i (mm H2O). 

Surface runoff occurs whenever the rate of precipitation 

exceeds the rate of infiltration. SWAT offers two methods 

for estimating surface runoff. Using daily or sub-daily 

rainfall, SWAT simulates surface runoff volumes and peak 

runoff rates for each HRU. The surface runoff in the 

catchment is estimated by the model using the SCS curve 

number method [12]. 

Q	surf = ( !"#$%")&
( $%"'()                                (2) 

In which, Qsurf is the accumulated runoff or rainfall excess 

(mm), Rday is rainfall depth for the day (mm), Ia is the initial 

abstraction which includes surface storage, interception, and 

infiltration before runoff (mm) and S is the retention 

parameter. 

The retention parameter varies spatially due to changes in 

soils, land use, management, and slope and temporally due to 

changes in soil water content. The retention parameter is 

defined by 

S = 25.4 ∗ (�.../0 − 10)                       (3) 

Where: CN is the curve number for the day (its value is the 

function of land use soil permeability and soil hydrologic 

group). The initial abstraction, Ia, is commonly approximated 

as 0.2S. 

Then the above equation becomes: 

Q	surf = ( !"#$..3()&
( !"#'..4()                           (4) 

Therefore, the runoff will occur when Rday > Ia. 
The peak runoff rate is the maximum runoff flow rate that 

occurs in a given rainfall event. The peak runoff rate is an 

indicator of the erosive power of a storm and is used to 

predict sediment loss. SWAT calculates the peak runoff rate 

with a modified rational method: 

Qpeak = 6∗%∗7
8.9                                  (5) 

Where: Qpeak is peak runoff rate (m
3
/s), C is a runoff 

coefficient, A is a sub-basin area (km
2
), I is rainfall intensity 

(mm/hr) and 3.6 is a unit conversion factor. 

SWAT Sediment Model 

The SWAT model can be used for sediment yield 

predictions for planning and management of water resources 

and reservoir sediment controls at the catchment scale. The 

modeling method applies to temporal and spatial analysis of 

sediment yields of which the results are essential for 

watershed management strategies. The model can also 

provide a better understanding of sediment transport and 

deposition processes by overland flow and allow reasonable 

prediction and forecasting. 

The current version of the model routes the maximum 

amount of sediment in a reach as a function of the peak 

channel velocity and estimates sediment yield for each 

HRU using Modified Universal Soil Loss Equation 

(MUSLE) [16]. 

Sed = 11.8 * (Qsurf * qpeak * Ahru)
0.56

 * Kusle * Cusle* Pusle * LSusle * CFRG                                        (6) 

Where: Sed is the sediment yield on a given day (tons), 

Qsurf is surface runoff from a watershed in (mm water/ha), 

qpeak is peak runoff rate (m
3
/s), Ahru is area of hydrologic 

response unit (ha), Kusle is the USLE soil erodibility factor, 

Cusle is the USLE land cover and management factor, Pusle 

is USLE support practical factor, LSusle is the USLE 

topographic factor, and CFRG is the coarse fragment 

factor. 
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2.5. SWAT Model Input 

2.5.1. Digital Elevation Model (DEM) 

DEM is the first input of the SWAT model for 

delineating the watershed. It describes the elevation of any 

point in a given area at a specific spatial resolution. It is 

the basic input of the ArcGIS integrated SWAT 

hydrologic model to delineate the watershed, extract 

information about the topography/elevation of the 

watershed, and analyze the drainage patterns of the land 

surface terrain. Sub-basin parameters such as slope 

gradient, slope length of the terrain, and the stream 

network characteristics were also derived from the DEM. 

For this study, 30 m by 30 m DEM of the Blue Nile basin 

of Ethiopia was collected from the Ministry of Water, 

Irrigation, and Energy of Ethiopia. The DEM was 

extracted and projected to UTM 37 North and 

D_WGS_1984 datum using ArcGIS 10.3. 

2.5.2. Land Use Land Cover Data 

Land use main input data of the SWAT model to 

describe the Hydrological Response Units (HRUs) of the 

watersheds. The land use of the Angar sub-basin over 29 

years period from 1990 to 2018 was prepared from 

Landsat images (Landsat-5 TM, Landsat-7 ETM+, and 

Landsat-8 OLI_TIRS), downloaded from U.S Geological 

Survey (USGS) Center for Earth Resources Observation 

and Science (EROS). The images used were Orthorectified 

to a Universal Transverse Mercator Projection using 

Datum WGS (World Geodetic System) 84 Zone 37 and 

the land use types were made compatible with the input 

needs of the model. 

2.5.3. River Discharge and Sediment Data 

The stream flow and sediment data were used for 

calibration and validation of the model. The daily observed 

streamflow data for the 1990 -2005 years, at the Great Angar 

gauging station was obtained from the Ministry of Water, 

Irrigation, and Electricity (MoWIE), hydrology department. 

The streamflow homogeneity tested by RAINBOW, that 

offers a test of homogeneity and independent data, which is 

based on the cumulative deviations from the mean data. 

Measuring the average suspended-sediment concentration in 

stream-flow is a time-consuming and expensive operation 

and for these reasons, I make considerable use of suspended 

sediment rating curves. Sediment rating curves are widely 

used to estimate the sediment load being transported by a 

river that expresses the average relation between river 

discharge and suspended sediment concentration for certain 

existing data. Such a relationship is usually established by 

regression analysis, and the curves are generally expressed in 

the form of a power-law type equation [2]. 

Qs = aQ
b
                                    (7) 

Where: Qs is suspended sediment (ton/day), a and b are 

regression coefficient and exponent and Q is river discharge. 

The sample of suspended sediment was measured by (mg/l) to 

convert sediment load (ton/day) by using the following formula: 

Qs = 0.0864*Cs*Q                         (8) 

Where: Qs is sediment load (ton/day), Cs is sediment 

concentration (mg/l), Q river flow (m
3
/s) and 0.0864 

conversion factor. 

 
Figure 2. Sediment rating curve of Angar sub-basin at Great Angar gauging station. 

2.5.4. Weather Data 

The daily hydro-meteorological data collected from the 

meteorological stations have a missing value. Therefore, 

using a weather generator solves such types of the problem 

by generating data from the observed one. The weather 

generator parameters were developed by using excel (pivot 

table), dew point temperature calculator software, DEW02 

and PCPstat to calculate average monthly and average daily 

precipitation, standard deviation, skew coefficient, 

probability of a wet day following a dry day and average 

number of days of precipitation in a month. After HRU 

analysis, the weather data (rainfall, temperature, solar 

radiation, wind speed and relative humidity data) were 

loaded from weather station locations into the current project 

and assign weather data to the sub-watersheds. 
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Figure 3. The double mass curve for selected stations. 

2.6. Model Setup 

After SWAT input data were prepared, the SWAT project 

setup was created for watershed delineation. The DEM was 

extracted and projected to UTM 37 North and D_WGS_1984 

datum for stream definition, outlet and inlet definition, 

watershed outlets selection and definition, and calculation of 

sub-basin parameters. After watershed delineation, HRU 

definition with multiple options that accounts for 10% land 

use, 20% soil, and 10% slope threshold combination was 

used. After sub-basin discretization, the writing up of the 

prepared weather data to the model was done. 

SWAT simulation was also done using the HRUs and 

weather data inputs. Sensitivity analysis of SWAT simulation 

using 26 years of recorded river flow and sediment was also 

done for identifying the most sensitive parameters. 

The calibration of flow and sediment simulations was 

performed using the identified sensitive parameters for the 

periods 1992 – 1999 and also validation was done for the 

periods 2000 – 2005. The model performance was evaluated 

using a coefficient of determination (R
2
) and Nash-Sutcliffe 

Efficiency (NSE). 

:3 = 	 {<=�$=>?<@�$@>?A
BCD }

F∑ <=�$=>?^3ABCD 	F	 <@�$@>?^3A
BCD

.             (9) 

Where: R
2
 is coefficient of determination, Qi is observed 

hydrologic variable, Qm is mean observed hydrologic 

variable, Si is model simulated output, Sm is mean of the 

model simulations and n is the total number of observations. 

Nash-Sutcliffe Efficiency (NSE): 

Determines the relative magnitude of the residual variance 

compared to the measured data variance is calculated as follows. 

ENS = 1 −	 	 	(	JK$(K	)&L
D

	 	(	JK$JM	)&L
D

                      (10) 

Where: Si is model simulated output, Qi is observed 

hydrologic variable, Qm is mean of the observations that 

NSE uses as a benchmark against which performance of the 

hydrologic model is compared and n is the total number of 

observations. 

3. Results and Descriptions 

3.1. Land Use Land Cover Change Analysis 

The accuracy assessment of images was carried out and 

the land use/cover map showing five classes (agriculture 

land, forest, shrubs land, grass, water body, and built-up) of 

land use/cover were created using these classes for 1990, 

2005, and 2018. The spatial analysis of land cover has been 

performed to describe the overall land use/cover patterns 

throughout the watershed. The accuracy assessment was 

performed by using land-use maps, ground truth points, and 

Google Earth. The 2005 land use classification has shown, 

user’s accuracy and producer’s accuracy are greater than 

85%, as well the overall accuracy of 89% (Table 1). 

These values indicate the land sat and the methodologies 

used were so accurate. The Kappa coefficient was also 

calculated, with a value of K= 82%, which indicated the 

classification is almost perfect since it is greater than 80%. 

Table 1. Confusion Matrix of LULC During 2005. 

  
Ground Truth Data 

    
LULC 2005 Agriculture Forest Shrubs Grass Water body Built up Grand Total User’s Accuracy 

Agriculture 22 0 1 3 0 1 27 82% 

Forest 0 19 1 0 1 2 23 83% 

Shrubs 0 2 21 1 1 0 25 84% 

Grass 1 1 1 18 0 1 22 75% 

Water body 0 0 1 0 20 0 21 95% 

Built up 1 0 0 1 1 20 23 86% 

Grand Total 24 22 25 23 23 24 141 OA= 85% 

Producer’s Accuracy 92% 86% 84% 78% 87% 83% 120 Ka = 82% 
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Figure 4. Land use land cover map of the year. 

 
Figure 5. Area coverage of land use/cover classes in percentage for 1990, 2005 & 2018 map. 

The agricultural land and built-up area increased during 

the first period (1990 to 2005), with +9.60% and + 0.78% 

respectively. 

On other hand, forest land, shrubs land, grassland, and 

water bodies have shown a significant decrease in the first 

period. Again, agricultural land and built-up area 
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increased during the second period (2005 to 2018), and for 

the overall study period (1990 to 2018), the agricultural 

land coverage increased by +25.79%, and built-up area 

increased by +1.89% mainly because of the population 

growth that caused the increase in demand for new 

cultivation land and settlement expansion and 

infrastructures. But, forest land, shrubs land, grassland, 

and water bodies showed decreased. This reveals that the 

changes in one land use cover resulted in a change in the 

other land cover types. 

Table 2. Land use land cover classes detection of Angar sub-basin. 

Land use change 2005- 1990 2018-2005 2018-1990 

Class Name SWAT Code Area (ha) (%) Area (ha) (%) Area (ha) (%) 

Agriculture AGRC 75742.5 9.6 127715 16.19 203457 25.79 

Forest FRSE -17912 -2.27 -42640 -5.41 -60552 -7.68 

Shrubs FRST -60233 -7.64 -90552 -11.48 -150785 -19.12 

Grass PAST -3548.4 -0.45 -3193.5 -0.4 -6742 -0.86 

Water body WATR -72.7 -0.01 -78.93 -0.01 -151.65 -0.02 

Built-up URLD 6121.9 0.78 8749.14 1.11 14871 1.89 

 
Figure 6. Land use/cover classes detection in percentage (1990-2018). 

3.2. Stream Flow Modeling 

Sensitivity analysis of simulated stream flow for the 

watershed was performed using the daily observed flow for 

identifying the most sensitive parameter. After parameters 

were checked for sensitivity and eight sensitive parameters 

were identified. Calibration was done for sensitive flow 

parameters of SWAT with observed average monthly stream 

flow data. The modeling of stream flow was calibrated and 

validated with a time series dataset from 1990 to 2005. The 

first two years of the modeling period were used for model 

warm-up. Data for the period 1992 to 1999 were used for 

calibration and 2000-2005 for validation.  

Table 3. Parameters highly sensitive to stream flow. 

Rank Parameter Name Description of parameters t- Stat P-Value Min. value Max. Value Fitted Value 

1 V-CN2.mgt SCS runoff curve number -14.5 1.00E-24 35 90 66.50 

2 V-ALPHA_BF Base flow alpha factor 8.18 4.00E-12 0 1 0.25 

3 V-ESCO_hru Soil evaporation compensation factor 2.43 0.017 0 1 0.65 

4 V-GW_DELAY Groundwater delay -6.08 2.00E-09 0 500 250 

5 V-CH_N2 Manning's n value for main channel 0.78 4.40E-01 -0.01 0.3 0.16 

6 V-CH_K2 Channel effective hydraulic conductivity 0.67 5.07E-01 0 10 4.5 

7 V-GWQMN Threshold depth of water in the shallow aquifer for return 5.94 7.00E-08 -650 0 - 500 

8 V-Gw_Revap Ground water revap coefficient -4.26 6.00E-05 -1.0 0 -0.5 

9 V-RCHRG.DP.gw Deep aquifer percolation 0.502 6.20E-01 0 5 1.05 

10 R-SOL_AWC Available water content of soil 0.56 5.81E-01 0 1 0.270 

11 V-HRU-SLP.hru Average slope steepness 0.51 6.20E-01 0 1 0.706 

3.2.1. Stream Flow Calibration 

The performance for stream calibration, using land-use of 2005, the coefficient of determination R
2
, and Nash-Sutcliffe 

Equation (NSE) were 0.93 and 0.92 respectively, and also for land use of 1990 and 2018 performance values were presented in 

(Table 4). 
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Figure 7. Average monthly observed and simulated flow Calibration (1992-1999) using land use 2005. 

The result indicates the performance of the model in prediction was shown a good agreement between the observed and 

simulated flow and the scatter plot showing the observed and simulated values for calibration was shown in (Figure 8). 

 
Figure 8. Scatter Plot of observed versus simulated flow during calibration period (1992-1999) using land use 2005. 

3.2.2. Stream Flow Validation 

After calibration, the stream flow was validated from January 1, 2000, to December 31, 2005, for 6 years. The validation 

performance, using land-use of 2005, the coefficient of determination R
2
 was 0.92, and Nash-Sutcliffe Equation (NSE) was 

0.91 and also for land use of 1990 and 2018 performance values were presented in (Table 4). 

Table 4. Summary of Steam flow calibrated and validated performance evaluations. 

Performance 
Calibration Validation 

1990 2005 2018 1990 2005 2018 

R2 0.86 0.93 0.87 0.83 0.92 0.84 

NSE 0.74 0.92 0.82 0.64 0.91 0.76 

 
Figure 9. Average monthly observed and simulated flow Validation (2000 - 2005) using land use 2005. 
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The result indicates the performance of the model in prediction was shown a good agreement between the observed and 

simulated flow and the scatter plot showing the observed and simulated values for validation was shown in (Figure 10). 

 
Figure 10. Scatter Plot of observed versus simulated flow during validation period (2000-2005) using land use 2005. 

3.3. Sediment Yield Modeling 

The amount of sediment yield from the Angar Sub-basin 

was simulated by considering the land use/cover change 

from 1990 to 2018. The Sensitivity analysis of simulated 

sediment yield for the sub-basin was performed using the 

monthly observed sediment yield for identifying the most 

sensitive parameter and for further calibration of the 

simulation of sediment yield. The most sensitive sediment 

parameters [USLE Soil erodibility factor (USLE_K), 

USLE support practice factor (USLE_P), Channel re-

entrainment exponent parameter (SPEXP), channel cover 

factor (CH_COV2), and Channel erodibility factor 

(CH_COV1)] were checked for sensitivity and sensitive 

parameters were identified. 

3.3.1. Sediment Yield Calibration and Validation 

Sediment simulated was also used for further calibration and 

validation in comparison with the observed sediment flow at the 

Great Angar gauging station, which was estimated by using the 

sediment yield versus discharge rating curve developed. 

Hence, after automatically calibrating and also identifying 

the sensitive and significant parameters manual calibration 

was also performed. This was done by simulating the 

sediment for the period of January 1, 1992, to December 31, 

1999, and two-year warm-up period, and for validation from 

January 1, 2000, to December 31, 2005, for each land 

use/cover of 1990, 2005 and 2018. The model calibrated and 

validated performance using R
2
, and NSE values presented in 

(Table 5). The co-relationship between monthly predicted 

and observed sediment yield shown a good agreement. 

Table 5. Performance evaluation of calibrated and validated sediment yield. 

Performance 
Calibration Validation 

1990 2005 2018 1990 2005 2018 

R2 0.87 0.79 0.81 0.83 0.87 0.78 

NSE 0.65 0.73 0.72 0.68 0.85 0.74 

 
Figure 11. Average monthly observed and simulated sediment yield calibration for 2005 land use. 
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Figure 12. Scatter Plot of average observed versus simulated Sediment yield during calibration period for 2005 land-use.  

 
Figure 13. Average monthly observed and simulated sediment yield Validation for 2005 land use. 

 
Figure 14. Scatter Plot of average observed versus simulated Sediment yield during Validation period for 2005 land-use. 

3.3.2. Evaluation of Sediment Yield Due to Land Use/Cover 

Change 

The land use land cover dynamics were assessed after 

three independent simulations for three land uses of 1990, 

2005, and 2018 by SWAT model carried out with keeping 

other input parameters the same and the model result was 

calibrated and validated for sediment yield generation from 

the area. The result of the simulation showed that the annual 

average simulated sediment yields 18 t /ha/yr, 19 t/ha/yr. and 

22 t/ha/yr. using land-use of 1990, 2005, and 2018 

respectively, and the annual average measured suspended 

sediment generated from the sediment rating curve was 17.64 
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t/ha/yr. which is more closed to simulated sediment yield 

values. 

Generally, the simulated sediment yield increased by 4 

t/ha/yr. from land-use of 1990 to 2018. It increased from year 

to year due to land use/cover changes, the agriculture land 

increased and other land-use types reduced resulting in high 

soil erosion from the watershed. Agriculture land increased 

by 9.6%, 16.19%, and 25.79% during using land-use of 

(1990-2005), (2005- 2018) and (1990 - 2018) and also the 

sediment yield increased by 1.0 t/ha/yr., 2.0 t/ha/yr. and 4 

t/ha/yr. respectively. 

The temporal variability of sediment in the area results 

in the higher amount of sediment that occurred during 

June, July, August, and September due to high peak runoff 

consequently results in a high rate of soil erosion and 

sediment load from the area. On the other hand, a very 

low rate of soil erosion or sediment load generation was 

during dry seasons which had a very small amount of 

runoff flow. 

 
Figure 15. Annual mean sediment yield for the trends of LULCC in Angar sub-basin. 

Spatial variability of sediment yield from the Angar 

sub-basin was identified from the validated sediment 

output for each sub-basin. The assessment of the spatial 

variability sediment yield is useful for watershed 

management planning and identifying the most erodible 

catchment. Identification and ranking of critical erosion-

prone areas is an important consideration for policymakers 

to implement best management strategies that are more 

sustainable in the future for the long-term use of these 

natural resources [7]. The sediment yield was a direct 

relationship with the land use/cover, soil, and slope of a 

watershed, and also different amounts of sediment load 

were generated from each sub-watershed area. From the 

first simulation using land-use of 1990, the sediment load 

distribution throughout the area ranges from 0.21 

ton/ha/year to 36.34 ton/ha/year, while the second and 

third simulation using land-use of 2005 and 2018, the 

sediment load ranges from 0.28 ton/ha/year to 40.86 

ton/ha/year and 0.30 ton/ha/year to 56.01 ton/ha/year 

respectively. This indicates the sediment yield increased 

due to the direct and indirect consequences of land 

use/cover dynamics. 

Table 6. Spatial Variation of annual average Sediment yield (t/ha/yr.) using 1990, 2005 & 2018 land use for sub-watersheds of Angar sub-basin. 

Sub-w/shed 1990 LU (t/h/yr.) 2005 LU (t/h/yr.) 2018 LU (t/h/yr.) Sub-w/shed 1990 LU (t/h/yr.) 2005 LU (t/h/yr.) 2018 LU (t/h/yr.) 

N-1 17.8 21.82 23.69 N-15 0.21 0.28 16.55 

N-2 7.15 12 21.88 N-16 10.36 24.72 16.26 

N-3 5.11 6.8 16.32 N-17 19.24 20.87 14.84 

N-4 6.39 15.47 26.56 N-18 6.6 7.62 10.89 

N-5 3.17 13.39 19.5 N-19 5.8 8.1 2.93 

N-6 12.38 13.6 18.4 N-20 25.96 13.29 18.72 

N-7 13.7 14.18 19.1 N-21 36.34 40.86 56.01 

N-8 30.83 17.12 19.5 N-22 11.38 19.59 20.8 

N-9 16.47 21.42 16.86 N-23 10.63 15.06 38.85 

N-10 8.31 11.3 15.87 N-24 12.38 15.04 21.33 

N-11 2.58 11.26 11.8 N-25 11.06 14.99 16.07 

N-12 0.9 7.33 6.96 Total 277.25 350.92 453.37 

N-13 0.95 1.01 0.3 Average 11.09 14.04 18.13 

N-14 1.53 3.81 3.41 
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3.3.3. Ranking and Mapping the Sediment Yield Potential 

Source Area 

The sub-watershed is covered with cultivated land or 

agricultural land susceptible to erosion and results in the 

highest sediment yield. The spatial distribution of sediment 

yields out of 25 sub-watersheds, the 20 sub-watersheds 

produce average annual sediment yields above 12 ton/ha/yr. 

and the highest sediment loading was 56.01 ton/ha/year from 

sub-watershed number 21 in the 2018 year. This implies that 

the higher sediment yield was due to the land use/cover 

change, especially, the expansion of agriculture activities and 

settlement areas can cause high sediment load from the 

watershed. 

The estimated sediment yield rate from sub-watershed 

ranges from 0.21 to 36.34 t/ha/year in the 1992 year, 0.28 to 

40.86 t/ha/year, and 0.30 to 56.01 t/ha respectively whereas 

the annual weighted average soil loss rate from the watershed 

was estimated 11.09 t/ha/year in 1992, 14.04 t/ha/year in 

2005 and 18.13 t/ha/year in 2018. According to FAO degree 

of erosion classification, the soil erosion level in the 

watershed categorized as none to slight (0-11 t/ha/year), 

slight (11-20 t/ha/year), moderate (20-50 t/ha/year), 

high/severe (50-106 t/ha/year), and very severe (>106 

t/ha/year). The spatial distribution map in Figure 16 below, 

indicates the potential source of sediment loading of the 

study area. 

 
Figure 16. Spatial distribution of the annual mean simulated sediment yield map of 1992, 2005 & 2018 year. 

The sub-watersheds, which produced more than 11 t/ha/year 

are identified as erosion critical areas [6]. From the result, the 

severity erosion potential of Angar sub-basin was 34.69% 

under slight, 9.67% under high/severe using land-use of 1990, 

and also about 33.99% under moderate and 9.95% under a 

severe degree of erosion using land-use of 2005. On other 

hand using land-use of 2018, about 24.32% under high/severe 

degree of erosion problem within the Angar sub-basin. 

4. Conclusions 

The land use/cover dynamics effects on sediment yield of 

the watershed were assessed and analyzed statistically using 

hydrological model SWAT 2012 with integrated ArcGIS. The 

land use/cover changes in the Angar sub-basin were 

identified from TM, ETM+, and OLI_TIRS satellite images, 

and land use/cover maps of the years 1990, 2005, and 2018 

were prepared and the accuracy assessments of the three 

maps were checked using the error matrix and Kappa 

statistic. The simulation was carried out three times by 

physical-based model SWAT using three independent land 

use of 1990, 2005, and 2018. The result revealed that land 

use significantly changed from the 1990 to 2018 period. The 

agricultural land coverage increased by 52.25%, 61.84%, and 

78.03% using land use of 1990, 2005, and 2018 respectively. 

On other hand, forests, shrubs, grassland, and water bodies 

decreased. This indicated the cultivation activity and 

settlement area increased. 
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The stream flow and sediment were calibrated and 

validated for the performance of the model. Using coefficient 

of determination (R
2
) and Nash-Sutcliffe efficiency (NSE), 

the performance has shown that, a good match between the 

measured and simulated sediment load. The annual average 

measured suspended sediment generated from the sediment 

rating curve was 17.64 t/ha/yr. and the simulated annual 

average sediment yield was 18 t /ha/yr, 19 t/ha/yr, and 22 

t/ha/yr using land-use of 1990, 2005, and 2018 respectively. 

The sediment yield increased by 4 t/ha/yr. from land-use of 

1990 to 2018, as result of agriculture increased by 25.79%, 

from land-use of 1990 to 2018 and built-up area by 1.89%. 

The severity erosion potential area contributing of sub-

watersheds of Angar sub-basin was about 34.69% of the 

watershed area was under slight, 9.67% under high/severe of 

erosion using land-use of 1990 and also about 33.99% under 

moderate and 9.95% under a severe degree of erosion using 

land-use of 2005. On other hand using land-use of 2018, 

about 24.32% under high/severe degree of erosion problem 

within the Angar sub-basin. Generally, the SWAT model 

carried out well in predicting the sediment yield under land 

use/cover dynamics from the Angar sub-basin and the study 

result were acceptable and this study was required for better 

watershed management purposes. 
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