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Sediment movement is the most critical problem in Ethiopia, notably in the Ketar River watershed, which is located in the Rift
Valley Basin. �e Ketar River �ows through rugged terrain with steep slopes and high sediment movement. �e purpose of the
study is to evaluate the Soil and Water Assessment Tool’s (SWAT) ability to simulate sediment and to identify areas that are
vulnerable to soil erosion. �is will aid water resource planners in determining the appropriate corrective action. In SWAT
sediment sensitivity analysis, the USLE soil erodibility factor (USLE-K) is found to be the most sensitive sediment parameter. �e
SWAT model sediment simulation performance is evaluated using the coe�cient of determination (R2) and Nash-Sutcli�e
E�ciency (NSE). �e model performance results in R2 and NSE values of 0.69 and 0.55 for calibration and 0.73 and 0.51 for
validation, respectively, using the SWAT Calibration and Uncertainty Program (SWAT-CUP). �e sediment-prone area sub-
basins have steep slopes and were mostly covered by cultivated land. Annual sediment yield from cultivated land was ap-
proximately 1872.12 t/y, while yield for moderately cultivated grassland was 171.45 t/y. Woodland and forest land have less soil
erosion rate. �e subbasin highly covered by Eutric Nitisols is found in very high soil erosion-prone areas. Sediment yield from a
slight slope is almost zero, whereas sediment yield from steep and very steep slopes is very high. �e slope of the subbasin is an
important factor in determining sediment yield, followed by land cover and soil types. �e very high sediment yield rate area
accounted for 39.64% of the total subbasin and it needs soil conservation planning.

1. Introduction

Soil erosion is the accelerated removal of topsoil by water,
wind, or labor from the land surface [1]. �e soil particles
from sloping and barren ¤elds are washed away by runo�.
Large amounts of ¤ne sediments are mobilized in the wa-
tershed as a result of rainstorms [2]. Erosion from the
surface of the soil takes the form of plate erosion, rill erosion,
and erosion between river banks (gully erosion). Soil water
repellence can impair the in¤ltration of water and perhaps
cause soil erosion [3]. Rainfall causes dissociation of the soil,
erosion, and deposition. Plunging and discharge are the
main factors that cause soil erosion and movement from the
river bottom to downstream [4].

Soil erosion is one of the most serious environmental
problems and is a serious threat to food safety and the
world’s ecology. More than 99.7% of the world’s food

sources are based on land, and only around 0.3% are from
the oceans and other aquatic environments. Every year,
roughly ten million hectares are lost because of soil erosion
in the world. �is causes a reduction in the amount of
cropland available for food production [5].

Soil erosion is more intense in developing countries due
to their poor land use and land cover management system.
Africa is highly a�ected by soil erosion and is followed by
Asia [6]. �e rapid population expansion in the world,
particularly in developing countries, causes an expansion of
the agricultural land for food production [7]. Ethiopia’s
population is rapidly expanding, and livestock is being
retained very densely, particularly in the Ketar watershed,
which is part of the Rift Valley Basin. Forest and grassland
are transformed into cultivated land upstream of the wa-
tershed. Long and steep gradients of the watershed which
were turned into cultivated land without the proper
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protection measures made the land surface vulnerable to soil
erosion through runoff. High-intensity rainfall also leads to
severe erosion and sedimentation [8, 9]. So, it is required to
model sediment yield from the watershed and identify prone
areas using appropriate hydrological models.

*e Soil and Water Assessment Tool is the physical-
based, semidistributed, and continuous-time model used to
simulate the water and sediment yield in basins over ex-
tensive periods all over the world [10]. Weather data
(rainfall, temperature, relative humidity, wind speed, and
solar radiation) and spatial data (land use, soil texture, and
Digital Elevation Model) are the main input in the SWAT.
SWAT is used to simulate hydrological parameters in the
watershed. It is a well-known and efficient tool that has been
successfully used to simulate runoff [9, 11].*e SWATis also
used to predict maximum sediment loads [12, 13]. Multiple
studies in Ethiopia show that the SWAT model performs
well in sediment yield modeling [14–16]. *e study by [17]
found that the SWAT model performs better than other
models and has a tolerable level of uncertainty. In this study,
the SWAT (2012 Version) model simulated sediment yield
and located the soil erosion hot spots in the Ketar River
watershed, Rift Valley Basin, Ethiopia.

*e sediment yield modeling in the watershed will assist
many stakeholders to reduce land degradation, boost plant
cover, and improve watershed productivity. For this pur-
pose, decision-makers need to design watershed manage-
ment plans for better soil and water conservation strategies
that model the quantity of sediment yield from the catch-
ments into streams, rivers, and water bodies. Reducing soil
erosion and transportation is the key to sustainability in
agricultural production and productivity and helps preserve
food security.

2. Materials and Methods

2.1. Description of the Study Area. *e Ketar River is located
in Ethiopia’s Rift Valley Basin. It is located between the
latitudes 7.16o to 8.31o N and longitude 38.69o to 39.62o
E. Topographically, the Ketar range has a strong elevation
fluctuation of around 1620meters on Lake Ziway to 4178m
on the high volcanic ridge mountains of the eastern wa-
tershed. *e total watershed of the study area is about
3360 km2 in total. Figure 1 shows a map of the study area.

2.2. Data Collection and Analysis. *e spatial data (soil
maps, land use/land cover) were collected from the Ministry
of Water and Irrigation and Energy (MoWIE) of Ethiopia.
*e land use/land cover data for 2016 was used in this study.
*e Digital Elevation Model (DEM) was obtained from
https://vertex.daac.asf.alaska.edu/. Weather data (precipi-
tation, temperature, solar radiation, relative humidity, and
wind speed) were collected from the National Meteoro-
logical Agency (NMA) of Ethiopia. *e MoWIE also pro-
vided the sediment data used for calibration and validation.
Weather data for 29 years (1988 to 2017) from six meteo-
rological stations in the study area were collected. *e se-
lection of the meteorological stations is based on the

availability of the data. Table 1 shows the locations of the
meteorological stations.

2.2.1. Soil Data. *e soil database describes the watershed’s
surface and top surface. *e soil type used in this study was
extracted from the Ethiopian soil database. *e Ketar River
watershed contains nine major soil types, Eutric Cambisols,
Chromic Luvisols, Mollic Andosols, Vitric Andosols, Haplic
Xerosols, Eutric Fluvisols, Vertic Cambisols, Eutric Nitisols,
and Pellic Vertisols, as shown in Figure 2. Eutric Nitisols
covered a large portion of the watershed.

Nitisols are deep, well-drained red soils with diffuse
horizon boundaries and a subsurface horizon with more
than 30% clay. Nitisols are predominantly located on flat to
hilly land in the watershed. Nitisols are among the most
productive agricultural soils along with Vertisols, Luvisols,
and Planosols. Despite their low levels of available phos-
phorus and low base status, they are often considered to be
“fertile” soils. Nitisols are deep and stable soils with good
physical characteristics [18].

Chromic Luvisols are mainly characterized by a distinct
textural heterogeneity within the soil profile. In these soils,
clay is washed down from the surface soil to an accumulation
horizon at a certain depth. Luvisols are most common in
cool as well as warm temperate regions with distinct dry and
wet seasons. Luvisols with good internal drainage are po-
tentially suitable for a wide range of agricultural uses because
of their moderate stage of weathering and high base satu-
ration. Mollic Andosols, Vitric Andosols, and Haplic
Xerosols are found on the watershed’s low land, which is
covered in grassland and shrubland. Mollic Andosols and
Vitric Andosols are rich in clay, whereas Haplic Xerosols are
rich in loam. Clay and loam are abundant in Eutric Cam-
bisols. Cultivated land covers a large portion of this soil type.
Pellic Vertisols are found in hilly and mountainous areas
where alpine vegetation dominates the land use [19]. Fig-
ure 2 illustrates the soil types of the Ketar River watershed.

Table 2 shows the SWATsoil code, soil type, soil textures,
and the percentage of the area coverage.

2.2.2. Land Use/Land Cover. *ere are six dominant land
use and land cover types in the Ketar River watershed as
shown in Table 3 and Figure 3. *e large area of the wa-
tershed is covered by intensively cultivated agricultural land.
It accounts for 67.22% of the total land use. *e moun-
tainous area of the watershed is covered by alpine vegetation
or forest-mixed. *e land downstream of the watershed is
shrub land.

2.3. Slope Distribution in Ketar River Watershed. *e wa-
tershed has a varied slope. Gently sloping terrain accounts
for approximately 57% of the watershed. A very steep slope
accounts for only 2.91% of the total area and is found on the
watershed’s high land, where the land use/land cover is
covered by alpine vegetation. *e cultivated land is heavily
covered by flat to gently sloping terrain. *e slope class in
Ketar River watershed is shown in Table 4 and Figure 4.
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Figure 2: Soil types of the Ketar River watershed.
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Figure 1: Map of the study area.

Table 1: Locations of the meteorological stations.

Station name Latitude Longitude Altitude
Arata 7.96 39.06 1770
Kulumsa 8.01 39.16 2211
Munesa 7.53 38.98 2550
Bekoji 7.53 39.25 2850
Sagure 7.75 39.16 2480
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2.4. Sediment Data. Sediment data are generated to evaluate
long-term watershed sediment yields. *e sediment rating
curve was used as a basis for the continuous-time generation
of sediments in the river. *e sediment data were collected
downstream of the watershed, at Abura gaging station
(38o58′59″E and 8o2′32″N). *e sediment rating curve is a
link between the discharge and the concentration or loading
of sediments [20]. A load of sediment carried by a river is

generally estimated. *e average sediment level or load may
be shown as a result of daily, monthly, or other periods of
average discharge. *e discharge recorded is converted to
sediment concentration or load records by the rating curve
[21]. A sediment rating curve relates to the suspended
sediment concentration in a river with water discharge.
Commonly, the relationship is of the following form [22]:

Qs � aQ
b
, (1)

Or LogQs � Loga + bLogQ, (2)

where Q is the discharge (m3/s); Qs is sediment dis-
charge, in tons per day; a and b are constants. *e constants
a and b are solved by applying the equations for a simple
linear regression [22] to logarithmically transformed values
of water discharge and sediment discharge as shown in the
three following equations:

Table 2: Dominant soil types in the watershed with their corresponding percentage of coverage.

SWAT soil code Soil name Area (km2) Soil textures Area coverage (%)
Be56-2-3a-456 Eutric Cambisols 13.85 Clay and loam 0.41
Nh7-2-3c-854 Chromic Luvisols 862.75 Clay and loam 25.66
Vc14-3a-261 Mollic Andosols 290.95 Clay 8.65
Vc25-3a-263 Vitric Andosols 71.03 Clay 2.11
Xh17-2a-310 Haplic Xerosols 235.89 Loam 7.02
Fo94-2ab-556 Eutric Fluvisols 9.01 Sandy clay and loam 0.27
Be64-1-2a-461 Vertic Cambisols 130.08 Sandy loam 3.87
Nd3-1565 Eutric Nitisols 1646.38 Loam 48.96
Vc40-3a-956 Pellic Vertisols 102.47 Clay 3.05

Table 3: Land use/land cover and percentage of area coverage.

Name Description SWAT code Area (km2) Area %
Cultivation Intensively cultivated CORN 2260.25 67.22
Shrub land Shrub land/mixed grassland MIGS 124.72 3.71
Grassland Open grassland/moderately cultivated RNGB 564.39 16.79
State farms Durum wheat DWHT 15.33 0.46
Open woodland Woodland mosaic CRWO 18.41 0.55
Alpine vegetation Afroalpine heath vegetation FRST 379.33 11.28
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Figure 3: Ketar River watershed land use/land cover.

Table 4: Slope class in Ketar River watershed.

Slope class (%) Area (km2) Area % Slope
0–3 425.55 12.66 Flat
3–12 1914.02 56.92 Gently sloping
12–20 569.86 16.95 Sloping
20–35 355.09 10.56 Steep
>35 97.90 2.91 Very steep
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Figure 4: Slope distribution in the Ketar River watershed.
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b � 􏽐 log Q∗ log Qs − N∗ log Q∗ log Qs

􏽐(log Q)
2

− N(log Q)
2 , (3)

log a � logQs − blog Q, (4)

a � anti log(logQs) − blog Q, (5)

where logQs is the average of sediment discharge values
(logarithms), log Q is the average of water discharge values
(logarithms), and N is the number of paired observations.

In this study, by applying the above equations ((1)–(5))
to the recorded sediment concentration and corresponding
streamflow recorded at Abura station, sediment discharge
developed as shown in the following equation:

Qs � 8.9Q
1.77

, (6)

where Qs is sediment discharge in tons per day; Q is water
discharge in cubic meters per second; and a� 8.9 and
b� 1.77.

Regression equations for sediment concentration versus
water discharge can be put into a similar form as those for
sediment discharge to compute sediment discharge from
sediment concentration as shown in equation (7):

Qs � 0.0864C∗Q, (7)

*e relation between sediment concentration and water
discharge becomes as shown in the four following equations:

0.0864CQ � aQ
b
, (8)

where

C � a′Qb′
, (9)

a′ �
a

0.0864
, (10)

b′ � b − 1. (11)

C is sediment concentration, in milligrams per liter, and
0.0864 is a conversion factor.

Following the calculation of the sediment load, the re-
lationship between the continuous (daily time step) mea-
sured flow in m3/s and the measured sediment load (mg/l)
was established and is as shown in the following equation:

C � 103∗Q
0.77

. (12)

2.5. Description of the SWAT Model. *e SWATmodel is a
basin model, created for easy use with the input data pro-
vided. *e SWAT model is a fluvial basin model and was
initially created to represent long-term runoff and nutrient
losses from rural watersheds [23]. It was created tomodel the
hydrological conditions of an area where agricultural land
dominates land use and land cover. *e model is applicable
because agricultural land dominates the Ketar River wa-
tershed as well. SWAT-CUP can also be used to calibrate the
model’s applicability [24]. *e model, which is

semiphysically based, divides the watershed into numerous
subwatersheds, each of which is further divided into Hy-
drologic Response Units (HRUs) based on soil, LULC, and
slope. *is allows the simulation of a high level of spatial
detail. Equation (13) illustrates the water balance equation
used to determine the hydrological components of the
watershed [24]:

SWt � SW0 + 􏽘
t

i�1
Rday−Qsurf − Ea − wseep − Qgw􏼐 􏼑, (13)

where SWt is the final soil water content (mm H2O), SW0 is
the initial soil water content in day i (mmH2O), t is the time
(days), Rday is the amount of precipitation in day i (mm
H2O), Qsurf is the amount of SurfQ in day i (mm H2O), Ea is
the amount of ET in day i (mmH2O),Wseep is the amount of
percolation in day i (mm H2O), and Qgw is the amount of
return flow in day i (mm H2O).

*e Soil Conservation Service (SCS) curve number (CN)
[24] given in equation (14) and daily rainfall data are used by
the SWATmodel to predict surface runoff and peak runoff
rates for each HRU. HRU denotes the tiniest area, which is
made up of LULC, soil type, and slope.

Qsurf �
Rday − Ia􏼐 􏼑

2

Rday − Ia + S􏼐 􏼑
, (14)

where Qsurf is the accumulated runoff or rainfall excess
(mm), Rday is the rainfall depth for the day (mm), Ia is the
initial abstraction which includes surface storage, inter-
ception, and infiltration before runoff (mm H2O), and S is
the retention parameter (mm H2O).

2.5.1. Sediment Component of SWAT. *e Modified Uni-
versal Soil Loss Equation (MUSLE) was developed by
Wischmeier and Smith in a modified version of the Uni-
versal Soil Loss Equation (USLE, in Spanish) [24]. *e
modified universal equation for soil loss is as follows:

Sed � 118∗ QSurf ∗QPeak ∗Ahru( 􏼁
0.56 ∗KUSLE

∗CUSLE ∗PUSLE ∗LSUSLE ∗CFRG,
(15)

where Sed is the sediment yield on a given day inmetric tons,
QSurf is the surface runoff from the watershed in mm/ha,
Qpeak is the peak runoff rate in cubic meters per second, Ahru
is the area of HRU, KUSLE is the USLE soil erodibility factor,
CUSLE is the USLE land cover and management factor, PUSLE
is the USLE support practice factor, LSUSLE is the USLE
topographic factor, and CFRG is the coarse fragment factor.

2.6. SWAT Model Setup. *e size of subbasins is carefully
defined by determining the threshold area or minimum
drainage area needed to originate the streams [25]. *e
threshold area defines the minimum drainage area necessary
to produce a stream source. By selecting a threshold area of
11000 ha, the entire watershed was delineated into 21
subbasins.
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Hydrological Response Units (HRUs) are parts of a
subwatershed with unique information about a subbasin in
the watershed. *ey are generated from the soil map, land
use, and slope. All these physical parameters were super-
imposed for HRU definition after the reclassification of land,
soil, and slope in the SWAT database [24]. In the HRU
definition, 5–10% is often employed for avoiding small
HRUs, reducing the overall HRUs, as well as improving the
model’s computational effectiveness [26, 27]. All geo-
graphical information in the watershed will be maintained
by defining a threshold level for land use, soil, and slopes,
because no land use, soil, or slope will be removed from the
HRU distributors. In this study, multiple HRUs were used,
including all types of land use and soil type and a 5% slope
threshold. *e SWAT write input table was used to insert
weather data, and the watershed simulation component was
completed using the GIS (version 10.4.1) with the SWAT
2012 model interface. Finally, after simulation, SWAT-CUP
is used to analyze sensitivity as well as for calibration and
validation checks. It is used to simplify the calibration
procedure, provide a faster method of performing time-
consuming measuring operations, and standardize calibra-
tion steps [28].

*e SWAT-CUP can be calibrated and analyzed using the
SUFI-2, Particle Swarm Optimization (PSO), GLUE, Pa-
rameter Solution (ParaSol), and Markov Chain Monte Carlo
(MCMC) methods [28]. For this study, SUFI-2 was used,
which has the advantage of combining optimization with an
examination of invertedness and can handle multiple pa-
rameters. In addition, the technique is very efficient in the
number of function calls and is straightforward to use [29].

2.7. Model Calibration and Validation. Model calibration is
an attempt to better parameterize a pattern to a particular
number of local conditions to reduce prediction uncertainty.
Model calibration is carried out with care by comparing the
model predictions (output) with the observed data for a
specific set of assumed terms for the models’ input pa-
rameters (within their respective uncertainty areas) [30].
During calibration, the parameter values are modified with
the replacement, addition, or multiplication of the original
values by the designed interface by altering one or two
parameters at a time within the permissible scope. In a given
parameter bound, the successful parameter value was the
one with the lowest relative error.

In a given site-specific model, model validation means
that one model can provide adequate predictions. *is
entails using the calibrated model without changing the
specified parameter values when simulating the response
over a period other than calibration [31].

2.8.ModelPerformanceCriteria. *emodel’s systematic and
dynamic behavior can be seen by displaying simulated and
observed data on the same coordinate system, and the
modeler can determine whether the model is overpredicted
or underpredicted. However, mathematical metrics of model
performance were required to objectively evaluate the
model. During the calibration and validation periods of this

study, two methods were utilized to measure the model’s
goodness of fit. *ese are the Nash-Sutcliffe efficiency (NSE)
coefficient and the coefficient of determination (R2).

2.8.1. 3e Coefficient of Determination (R2). R 2 is used to
describe the percentage of variance in computed model data
and varies between 0 and 1, where the value near 1.0 shows
good model performance (good correlation) and the value
close to 0.0 indicates bad model performance (poor corre-
lation) [32].

2.8.2. Nash-Sutcliffe Efficiency (NSE) Coefficient. *e NSE is
used to evaluate the hydrological models’ prediction ca-
pacity. NSE is a number that ranges from zero to one.
According to Masih et al. [32], the general performance of
the NSE in SWAT, which is>0.65, is very good; the NSE
between 0.5 and 0.65 is adequate; the NSE>0.5 is satisfac-
tory; and the NSE<0.5 is unsatisfactory for both accuracy
assessments. *e NSE and R2 [33] are measured on daily or
monthly time scales using the following general equations,
respectively:

NSE � 1 −
􏽐(Qobs − Qsim)

2

􏽐(Qobs − Qobs)
2 , (16)

R
2

�
􏽐(Qobs − Qobs)∗ (Qobs − Qsim)􏼐 􏼑

2

􏽐(Qobs − Qobs)
2 ∗ 􏽐(Qobs − Qsim)

2,
(17)

where Qobs and Qsim refer to the observed and simulated
data, respectively. Qobs and Qsim refer to the mean of the
observed and simulated data, respectively.

3. Results and Discussion

3.1. Sediment SensitivityAnalysis. Eight of the most sensitive
factors were shown to be more sensitive than others during
the sediment simulation, although with varying sensitivity
ranks. SPCON (linear factor for channel sediment routing),
CH-COV2 (channel cover factor), SPEXP (exponential
factor for channel sediment routing), USLE soil erodibility
factor (USLE-K), USLE equation support practice factor
(USLE-P), and HRU-SLP (average slope steepness) were
chosen. *e most sensitive parameter in the sediment
simulation was determined to be the USLE soil erodibility
factor (USLE-K).

3.1.1. Calibration. *e model has been averaged monthly
and validated. *e model was calibrated using sediment
measurements that were developed between 1992 and 1998.
During the calibration of the models, they iteratively varied
within the permissible limits until a sufficient agreement was
reached between the sediment produced and the simulated
sediment, and, eventually, good model suitability for the
calibration of the R2 value of 0.69 was acquired. *e NSE of
0.55 further shows that the model performance was good
during calibration. Figure 5 indicates the observed sediment
versus simulated sediment at Abura gauging station
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Statistical analysis of model performance during cali-
bration using a regression plot also indicates a good rela-
tionship between simulated and observed sediment
concentration. Figure 6 indicates the observed versus sim-
ulated sediment.

3.1.2. Validation. Validation follows the same procedures as
calibration, and measured values are compared to determine
whether the objective function is fulfilled. Measured wa-
tershed data sets, on the other hand, should be kept separate
from data used for model calibration, and no model changes
should be made during the validation process. For validation
of the sediment, sediment data from the sediment rate curve
was used for 5 years (1999 to 2003). *e R2 and NSE vali-
dation results were 0.73 and 0.51, respectively. *e obtained
R2 value of 0.73 indicates that the model fits quite well.
Besides, the objective function NSE of 0.51 indicates that the
model performance was satisfactory. *e model overesti-
mates sediment concentration in some months, such as July
and August. Again, the model simulated lower sediment
values in January and December. Sediment observation and
validation are depicted in Figure 7.

Statistical performance study utilizing regression plots
also demonstrates an excellent link between the simulated
and observed sediment concentration. Figure 8 indicates the
observed versus simulated sediment scatter plot.

*e model slightly overestimates sediment during both
sediment validation and calibration. Table 5 shows the av-
erage developed and simulated sediment during calibration
and validation.

3.2. Sediment Yield Hotspot Area Classification. Sediment
output varies greatly from location to location. In some
cases, even a small fraction of the landscape unit can con-
tribute a disproportionate percentage of total sediment
output. Sediment yield and soil erosion are due to the
combined effects of land use, soil type, slope, weather, and
runoff conditions.

*e soil loss rate is highly related to soil type, land use,
slope gradient, and runoff. *e combination of these factors
is responsible for determining the soil erosion severity level
in the watershed. *e SWATmodel generates the sediment
yield from each subbasin and the average annual soil loss per
HRU.*e sediment yield hotspot classifications are based on
the characteristics of the watershed. Different researchers
classify land use/land cover in different ways. In the Geleda
watershed, soil loss severity is classified as low (0–11),
moderate (11–18), high (18–30), very high (30–50), and
severe (50–237) in tons per hectare per year [34]. According
to [35], there are four types of soil loss in tons per hectare per
year: very slight (0–4), slight (5–9.99), moderate (10–24.99),
and severe (25–44.99). Soil erosion in the Wondo Genet
watershed is classified as low (0–5), moderate (5–11), high
(11–20), very high (20–30), severe (45–60), and very severe
(>60) in tons per hectare per year [36]. *erefore, there are
no distinct intervals between soil severity classes. In this
study, the severity of soil loss rate was classified into six
categories: slight, moderate, high, very high, severe, and very

severe, based on different studies [34, 37–39]. Based on these
classifications, the Ketar River watershed soil erosion class
was discovered to have soil erosion severity levels ranging
from slight to very high. Table 6 describes the class assigned
for the degree of severity.
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Figure 6: Observed versus simulated sediment.
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3.3. Average Annual Sediment Yield in Hotspot Subbasins.
Identifying the sediment yield at the subbasin level was used
to prioritize subbasins for sediment reduction management.
It is also used to raise awareness about the state of the
watershed in terms of soil erosion. A large area of the Ketar
River watershed is found to have a high soil erosion rate.
Only two subbasins are found to have a moderate soil
erosion rate: subbasins 3 and 16. *e very high sediment
yield severity class accounts for 39.64% of the total area,
accounting for approximately 1322.65 km2. *e highest
simulated annual average sediment yield was found to be
25.67 t/h/y and it is found in subbasin 21. Subbasin 4 has the
lowest sediment yield erosion rate of 0.06 t/h/y. *e total
annual sediment yield in the Ketar River watershed was
found to be 3784.14 t/y. *e Ketar subbasins and their soil
erosion rates are shown in Table 7.

*e sediment yield spatial variability map of the wa-
tershed was obtained using the annual sediment yield rate
from each subbasin based on erosion severity classes. *e
spatial distribution of sediment revealed that, out of the total
21 subbasins, six (21, 19, 15, 20, 2, and 8) had annual
sediment loss rates greater than 16 tons/ha/yr. Most of them
are found in the upstream and southern parts of the wa-
tershed (Figure 9). Subbasin 2 is found in the southeast of the
watershed. A moderate soil erosion rate is found in the
central parts of the watershed. Soil erosion rate needs to be

identified at the subbasin level because it is difficult to re-
cover once the degradation has occurred. Subbasins with a
very high soil erosion rate, on the other hand, should be
prioritized over subbasins with a high or moderate soil
erosion rate in the land management protection system.
Figure 9 shows sediment erosion-prone areas.

3.4. Rainfall, Surface Runoff, and Sediment Yield in Hotspot
Subbasin. Soil erosion is mostly caused by rainfall. Rainfall
has a direct impact on soil particle separation, soil aggregate
degradation, and eroded sediment migration. Soil erosion
generated by erosive rains accounts for the majority of total
erosion. Surface runoff occurs when rainfall intensity exceeds
the soil’s infiltration capacity. As runoff water flows down a
hill, its velocity rises, increasing the risk of erosion. Because
the carried particles scrape and dislodge more soil particles,
the volume of sediment increases as well. *e annual average
rainfall in subbasins 21, 19, and 20 is the same as the sim-
ulation, but surface runoff and sediment yield differ. *is
demonstrates that the amount of sediment yield in a subbasin
is determined by factors other than surface runoff. Soil type,
land use, land cover, and slope all play a role in determining
the amount of sediment yield. Table 8 illustrates rainfall,
surface runoff, and sediment yield in the hotspot area.

3.5. Land Use and Sediment Yield Relationship in Hotspot
Subbasin. As indicated in Table 9, the soil erosion in critical
subwatersheds is dominantly covered with cultivated land.
Cultivated land can easily be eroded by runoff, wearing out
the topsoil at a faster rate. A total of 1872.12 t/y of sediment
was loaded from cultivated land each year, with 171.45 t/y
from moderately cultivated grassland. *e area covered by
woodland and forested land has a lower rate of soil erosion.
*ese six subbasins contributed 2173.71 t/y to the total
annual sediment yield (3784.14 t/y).

Table 5: Average observe and simulated sediment during calibration and validation.

Hydrological parameters Observed average sediment (mg/l) Simulated average sediment (mg/l)
Sediment calibration 828.2 820.97
Sediment validation 779.783 807.117

0 500 1000 1500 2000 2500 3000 3500 4000
0

1000

2000

3000

4000

5000

6000

Observed Vs Simulated
Linear

Si
m

ul
at

ed
 se

di
m

en
t (

m
g/

l)
Observed sediment (mg/l)

Figure 8: Observed versus simulated sediment scatter plot.

Table 6: Class assigned for degree of severity.

Range of sediment yield (t/ha/year) Zone
0–4 Slight
4–8 Moderate
8–16 High
16–32 Very high
32–64 Severe
>64 Very severe
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3.6. Soil Type and Sediment Yield Relationship in Hotspot
Subbasin. A large amount of sediment is collected from
Eutric Nitisols (1173.59 t/y), which accounts for 53.99% of
the total high eroded sediment yield subbasins. About
21.27% of soil erosion was from Chromic Luvisols. *e
sediment yield from Haplic Xerosols is very small. Table 10
explains the soil type and sediment yield.

3.7. Slope and Sediment Yield Relationship in Hotspot
Subbasin. *e slope is the key determinant of soil erosion
and sediment yield. As shown in Table 11, the steep slope
(>35%) covers a small area, but it has a high sediment yield
contribution. Areas with a slight slope (0 to 3%) contribute
to a small amount of soil erosion while covering a large area.
For example, in subbasin 2, a sloping rise between 3 and 12%

Table 8: Rainfall, surface runoff and sediment yield in the hot spot area.

Subbasin Precipitation (mm) Surface runoff (mm) Sediment yield (t/y/h) Area (km2)
21 986.67 220.792 25.67 420.46
19 986.67 192.54 21.27 136.43
15 986.67 196.362 21.2 156.17
20 857.7 150.662 18.24 252.08
2 725.3 99.5097 17.71 341.53
8 674.75 106.199 16.45 15.97
Sum 5217.76 966.065 120.54 1322.64

Table 9: Sediment yield and land use.

Subbasin Cultivation Grassland (moderately cultivated) Alpine vegetation Open woodland Total
2 438.27 0.11 0.23 438.61
8 210.64 1.09 211.73
15 269.24 69.47 22.42 361.13
19 283.95 27.50 16.76 328.21
20 240.83 1.47 0.17 28.17 270.64
21 429.19 71.81 62.39 563.39
Total 1872.12 171.45 101.97 28.17 2173.71

Table 7: Ketar subbasins and their soil erosion rates.

Average annual soil erosion rate Severity class Subbasin number Total area Area cover %
0–4 Slight 18, 17, 1, 5, 4 344.41 10.24
4–8 Moderate 3, 16 195.39 5.81
8–16 High 7, 10, 6, 14, 9, 13, 11, 12 1499.52 44.60
16–32 Very high 21, 19, 15, 20, 2, 8 1322.65 39.34

39°0'0''E 39°30'0''E

39°0'0''E

7°
30

'0'
'N

8°
0'0

''N

7°
30

'0'
'N

8°
0'0

''N

39°30'0''E

0 15 30 60 km

N

Sensitivity Class
Legend

Very High
High
Moderate
Slight

Figure 9: Sediment erosion-prone areas.
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has a coverage area of 169.61 km2 and a total sediment yield
of about 96.49 t/y; a slope with a percentage of rise >35% has a
coverage area of only 16.9km2 and a total sediment yield of about
164.97 t/y. *e subbasin with the highest rate of soil erosion also
has the highest average elevation. *e area of the watershed and
the length of the channel have a strong relationshipwith sediment
yield (Table 11). *ese sediments yield prone classes among
all subwatersheds, requiring immediate intervention to
minimize soil losses from the watershed as a whole.

4. Conclusion

Soil erosion causes the removal of top fertile soil and has a
high impact on sediment yield reduction. It may also cause

land degradation. *e main causes of soil erosion problems
today are an increase in the population, poor land-use
planning, and overdependency on agriculture. Soil erosion is
a critical issue in hotspot subbasins that must be addressed.
*e physically based, spatially distributed, and public do-
main SWAT model was used successfully to simulate sed-
iment yield in the Ketar River watershed. *e results of the
model indicate that sediment loss rates were particularly
very high in subbasins 21, 19, 20, 15, 8, and 2. *e sediment
yield-prone area was highly covered by cultivated land use
with Eutric Nitisols. *ese subbasins were found on steep
slopes to very steep slope intervals. Annually, about
3784.14 t/y of sediment yield was transported from the
watershed and deposited at a lake located downstream of the

Table 11: Sediment yield relationship with slope and elevation in hotspot subbasin.

Subbasin Slope Area (km2) SDY (t/y) Total SDY (t/y) Average elevation (m) Length (km)

2

0 to 3 43.61 5.81

438.61 2305 12.82
12 to 20 61.78 70.16
20 to 35 48.7 101.18
3 to 12 169.61 96.49
>35 17.9 164.97

8

0 to 3 1.86 2.6

211.73 2170 7.32
12 to 20 2.33 18.42
20 to 35 1.56 34.44
3 to 12 8.36 40.4
>35 1.85 115.87

15

0 to 3 12.89 12.87

361.13 2738 3.33
12 to 20 31.93 73.53
20 to 35 22.31 135.01
3 to 12 82.17 129.34
>35 6.77 10.38

19

0 to 3 12.29 11.6

328.21 2734 4.62
12 to 20 29.35 70.81
20 to 35 16.55 100.95
3 to 12 73.9 140.66
>35 4.36 4.19

20

0 to 3 22.79 5.18

270.64 2756 16.42
12 to 20 46.41 39.05
20 to 35 46.34 73.26
3 to 12 112.03 85.28
>35 24.5 67.87

21

0 to 3 35.62 12.67

563.39 2726 21.95
12 to 20 90.96 91.91
20 to 35 63.84 163.67
3 to 12 214.31 175.54
>35 16.08 119.6

Table 10: Soil type and sediment yield.

Subbasin Eutric
Cambisols

Vertic
Cambisols

Eutric
Nitisols

Chromic
Luvisols

Mollic
Andosols

Pellic
Vertisols

Haplic
Xerosols

SDY
(t/y)

2 123.07 27.37 101.87 63.86 110.38 0.1 11.96 438.61
8 134.5 76.95 0.28 211.73
15 255.93 69 36.2 361.13
19 214.21 66.17 47.83 328.21
20 135.55 135.09 270.64
21 331.53 128.28 103.58 563.39
Total 123.07 27.37 1173.59 462.4 187.33 187.71 12.24 2173.71
% 5.66 1.26 53.99 21.27 8.62 8.64 0.56 100
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subbasin. Areas prone to sediment yield accounted for
approximately 39.64% of total sediment yield. Sediment
yield-prone areas require immediate mitigation measures
from governmental and nongovernmental organizations
involved in land use and land cover management.

Data Availability

All data are included in the article, and if needed, they will be
submitted upon request.

Additional Points

SWAT is effectively used in modeling and simulating sed-
iment yield. *e slope of the land is the main cause of soil
erosion. Steep slope with moderately cultivated land use has
higher soil erosion than flat slop with highly cultivated land.
Woodland and forest land even covered with steep slopes
have less soil erosion rate.
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