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Abstract
Soil erosion is becoming a greater global issue because of the impact of climate change and human action. In
Kaligandaki watershed, soil erosion is a problem because it reduces the fertility of agricultural land in hilly
terrain. Due to its vulnerability to climate change and reliance on agriculture, it is essential to estimate soil
erosion in hilly regions of Nepal. The spatial variation of soil erosion exposed due to Land Use Land Cover
(LULC) and climate change was identified using Revised Universal Soil Loss Equation (RUSLE) and Soil
and Water Assessment Tool (SWAT) in the ArcGIS interface. The findings of this study demonstrate that the
average soil erosion losses anticipated by the two models. The annual average soil rate was found 14.4 t/ha/yr
and 8.89 t/ha/yr in 2019 by using the SWAT model and RUSLE model respectively. The most eroded area
was identified in barren lands and agricultural areas having steep slopes. It was found that both models are
suitable for soil erosion estimation. The strong correlation between rainfall, soil loss and surface runoff was
found. The watershed was classified into seven priority categories for conservation intervention based on
threats of soil loss. The result of the study strongly points to the necessity of sufficient quality and quantity of
observed data. The finding is useful for policy-making and watershed management planning processes by
land use planners and decision-makers for prioritization of different regions.
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1. Introduction

The significant impact of climate change on soil
erosion is one of the most severe environmental
impacts of the twenty-first century. The abrupt change
in the precipitation pattern and increasing rate of
surface temperature causes serious ecological
degradation in many developing countries like
Nepal[1]. Soil erosion is the process that includes the
detachment, transport of soil, and deposition. Soil
erosion results due to erosive forces such as rainfall,
wind, gravity, and human actions. In steep areas, soil
erosion causes serious threats such as loss of fertile
soil in agricultural land, forest covers, and human
settlements [2]. Climate change and land use cover
directly influences soil loss altering the weather
patterns, surface runoff, infiltration rate, and biomass
production [3, 4]. The assessment of the impact of
climate change on soil erosion shows whether the
severity of soil erosion is low, medium, or high. The

LULC changes in the steep slopes are one of the
major reasons for resource degradation and it causes
landslides and mudslides in the hilly regions. Nearly,
24 million tonnes of soil are eroded from the country
each year [5] which affects 34 percent of the
agricultural land primarily through sheet and rill
erosion [6].

There is a number of empirical and physical-based
soil erosion estimation model with different level of
complexity and data input. The application of remote
sensing technologies and data from the existing soil
erosion model significantly resolves the
time-consuming and tedious conventional method of
evaluating soil erosion. This study analyzes the spatial
distribution of the annual soil erosion rate and the
severity of the impact of climate change on soil
erosion using the RUSLE and SWAT models. The
Universal Soil Loss Equation (USLE) was first
developed by Wischmeier and Smith in 1965 [7] and
it was further revised by Renard in 1997 [8]. Whereas,
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the SWAT model is a semi-distributed,
time-continuous hydrological model and estimates
soil erosion on the basis of the Modified Universal
Soil Loss Equation (MUSLE) [9] was developed by
the United States Department of Agriculture-
Agriculture Research Service (USDA-ARS) & Texas
A & M University in the early 1990s. Globally, there
is a growing problem with soil erosion, but the
Himalayan region is particularly affected. With more
than 70 % of its land covered in mountains [10], Due
to the combination of extremely steep slopes,
geological units of varied resistance, and the increase
in rainfall pattern in the Himalayas, this region is
highly vulnerable to geographic instability. In order to
prevent damage and fatalities like those seen due to
erosion in hilly areas of Nepal, [11] suggested regular
analysis of soil erosion using different tools and
models in the Kaligandaki watershed. This study aims
to (a) identify the annual soil erosion rate and develop
the spatial distribution soil losses map of the
Kaligandaki watershed (b) analyze the impact of
LULC and climate change on soil erosion, and (c)
provide the information for decision makers for land
management practices.

2. Materials and Methods

2.1 Study Area

The Kaligandaki watershed is significant in the upper
Himalayas of Nepal as a major tributary of the
Ganges River Basin. The Annapurna and Dhaulagiri
Himalayas with altitudes of more than 8000m also lie
in the Kaligandaki Watershed. It is situated between
27°43’N and 29°19’N, and 82°53’E and 84°26’E,
with a catchment area of roughly 7400 sq. km. It
covers Mustang district, most part of the Myagdi and
some part of Kaski, Baglung, Parbat, Gulmi,
Arghakhachi, Syangja, Palpa,Tanahu and Nawalparasi
districts. The Kaligandaki watershed’s elevation
ranges from 457 to 8143 meters, resulting in
significant topographic changes. The Kaligandaki
watershed’s upper reaches are covered by snow, and
glaciers, the central part of the watershed is
mountainous, with high-altitude terrain, and the
southern plains have a mild climate. The intensity of
the precipitation decreases from east to west and
south to north part of the study area.

Figure 1: Study Area Map

2.2 Data Used

The data used to carry out this study is listed in the
table(1). The data processing was done in ArcGIS,
ArcSWAT, and Python interface. Digital Elevation
Model (DEM) with 30 m resolution was downloaded
from the United States Geographical Survey (USGS).
The Food and Agriculture Organization(FAO) Digital
Soil Map of the World (DSMW) was acquired and
clipped to prepare the soil type map required for the
study area in the ArcGIS interface. The land cover map
of Nepal for the years 1990 and 2019 was retrieved
from the International Center for Integrated Mountain
Development(ICIMOD) at the resolution of 30m and
extracted for the study area. The precipitation and
temperature data were retrieved from the Department
of Hydrology and Meteorology (DHM) of Nepal. The
daily observed precipitation for the stations Lumle,
Jomsom, Tatopani, and Baghara was collected between
1992 and 2021. Likewise, due to the unavailability of
continuous observed data in other stations, temperature
data of stations Lumle and Jomsom was taken between
1992 and 2020.

2.3 Methods

2.3.1 RUSLE Model

The annual average soil loss estimation in the RUSLE
model requires five factors: Rainfall Erosivity (R), Soil
Erodibility (K), Slope Length Steepness (LS), Cover
Management(C), and Conservation Practice (P) factors
as shown in equation 1:

SE = R∗K ∗LS∗C ∗P (1)

where SE is the average annual erosion rate in (tha−1

year−1); R = Rainfall Erosivity Factor in MJmm ha−1
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Table 1: Data Used

Dataset Spatial
Resolution Data sources/Links

DEM 30m
USGS
https://earthexplorer.usgs.gov/
digitalelevation/SRTM

Soil Map 1:5000000
Digital Soil Map of the World
developed by FAO
https://www.fao.org/land-water/land/
land-governance/land-resources/-planning-
toolbox/category/details/en/c/1026564/

Landcover
Map

30m
ICIMOD
http://rds.icimod.org

Rainfall
Data

30 year
(1992-2021)

Daily mean precipitation and tempe-
rature of Nepal recorded by DHM
http://www.dhm.gov.np/

h−1 yr−1; K = Soil Erodibility Factor in t ha MJ−1

mm−1; LS = Slope Length Steepness Factor and is
dimensionless; C = Cover Management factor and is
dimensionless; and P = Conservation (Support)
Practice Factor and also is dimensionless.

Figure 2: RUSLE Model Methodology

Rainfall Erosivity Factor (R) : Rainfall erosivity
factors in the study area depend on the rainfall intensity
and it describes the effect of rainfall on soil erosion. It
is expressed as:

R = 38.5+0.35P (2)

where R and P are the rainfall erosivity factor and
Mean Annual Precipitation in mm respectively.

Soil Erodibility Factor (K) : The K-factor value
shows the soil’s vulnerability to erosion, soil
detachment, and the volume and rate of runoff in
response to an appropriate input of rainfall. The soil
maps for the study area were then used to evaluate the

soil classes, and K-factor values for each type of soil
were obtained from the literature and entered into
ArcGIS for analysis to create a K-factor map [12].

Slope and Steepness Factor (LS): The DEM
dataset was used to derive the Slope gradient factor
(S) and slope-length factor (L). The LS factor
expresses the effect of topography, slope length, and
steepness on soil erosion. The DEM data was used for
flow accumulation and slope angle analysis in the
ArcGIS interface using a spatial analyst tool with the
following expression [13]:

L =

(
Flow accumulation∗Cell Size

22.13

)m

(3)

S = sin
(

Slope%∗0.01745
0.09

)1.3

(4)

where m varies between 0.2 to 0.5 and slope% is a
slope in percentage.

Cover Management Factor (C) : The land use cover
map produced by the ICIMOD was first reclassified
into seven major land classes of the watershed and a C
value was assigned for each land class. The C factor
value ranges between 0-1 where the least value means
no erosion as compared to the soil from the barren land
and the higher value shows the high probability of soil
erosion[14].

Table 2: Cover Management Factor

Land Class C Value
Forest 0.01
Grassland/Shrubland 0.35
Barren land 0.20
Agriculture Area 0.50
Waterbody 0.001
Snow/Glacier 0.00
Built-up area 0.10

Conservation (Support) Practice Factor (P) : The
P-factor represents the difference in soil loss in an area
using a specific conservation technique and not using
any type of conservation technique. The P values vary
from 0 to 1, with 0 denoting a facility with very good
land management practices and 1 denoting a without
conservation practices [15].
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Table 3: Conservation Practice Factor

Slope% P factor
0-7 0.55
7-11.3 0.6
11.3-17.6 0.8
17.6-26.8 0.95
>26.8 1

2.3.2 SWAT Model

The SWAT model requires meteorological data, soil
properties data, land use and land cover map, and
DEM for the analysis [16]. SWAT divides a basin into
a number of sub-basins that are connected by a stream
network, and then simulates surface runoff and soil
erosion and other parameters for each sub-basin using
all required data input. It is commonly used to assess
hydrological components of a basin and also used for
analyzing land use and climate change impact on
water resources, sediment, and crop chemical yields
[17]. The SWAT model is based on the following
water balance equation and simulates the land phase
of the hydrological analysis, land and water
management practices, nutrients, and pesticides in the
large watershed area:

SWt = SW0+
t

∑
i=1

(Rday−QSur f −ETi−Wseep−Qgw)

(5)

where SWt = Final soil water content, SW0=initial soil
water content on day i, the time(days),
Rdays=precipitation on day i, Qsur f =surface runoff on
day i, ET=evapotranspiration on day i, Wseep=water
entering the vadose zone from the soil profile on day i,
and Qgw=return flow on day i. The unit of all
parameters except the time is mm.

The SWAT model applies the MUSLE model to
calculate the sedimentation yield and surface for each
sub-basin.

Sed = 11.8∗ (Qsur f ∗Qpeak ∗areahru)
0.86 ∗KUSLE

∗PUSLE ∗CUSLE ∗LSUSLE ∗CFRG
(6)

where Sed is Soil erosion in tons/ha, Qsur f = Surface
runoff volume in mm of water/hectares, qpeak = Peak
runoff rate in m3/s, areahru = HRU area in Hectares,
KUSLE = soil erodibility factor, PUSLE = Support
practice factor, CUSLE = Cover management factor,
LSUSLE = Topographic factor, and CFRG = coarse
fragment factor.

Figure 3: SWAT Model Methodology

A dataset of sub-basins and stream reaches is created
as a result of the watershed delineation procedure and
was used in the simulation. The watershed was
delineated into a number of sub-basins to measure by
overlaying the land use map, soil data, and DEM.
Each sub-basin is connected to the reaches of streams.
The sub-basins were further divided into the smallest
unit Hydrological Response Unit(HRUs). The surface
runoff flow and sedimentation were simulated for
each HRU and the overall value of each sub-basin was
measured. SWAT model was set up from 2006 to
2010 with the year 2006 to 2010 serving as the
warming period. The simulated results could not be
validated due to the lack of measured data.

3. Results and discussions

3.1 Results

3.1.1 Land Use Land Cover change

The Kaligandaki watershed was classified into seven
land cover type classes based on the major land use
types. The results show the significant changing trend
of the land use cover in the study period. Table (4)
shows the percentage change in LULC over time and
the proportional percentages of various LULC classes
during the study periods. The analysis of land use
data reveals the degree of changes in the composition
of the LULC dynamics over 29 years. The agriculture
area of the study area decreased from 13.64 % to
9.34% of the total area and in the same way, the
barren land reached 14.91 % of the total area in 2019
from 26.99% of total barren land in 1990. Fig 4 shows
a large portion of the barren land is converted into the
grassland/shrubland categories. The major causes of
this change might be an increase in average surface
temperature and shifting of treeline as one of the
major impacts of climate change on the physical
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environment [18].

Figure 4: Land Use Map (a) 1990 (b) 2019

Table 4: Land Cover Status 1990 & 2019

1990 2019
Land Class Area(Sq.km) Area (%) Area(Sq.km) Area(%)

Snow /Glacier 725.00 9.77 1,205.08 16.23
Water bodies 21.00 0.28 20.99 0.28
Forest Cover 1,850.00 24.92 1,919.98 25.87
Barren land 2,004.00 26.99 1,106.44 14.91
Built-area 4.00 0.05 39.90 0.54
Agriculture Area 1,013.00 13.64 693.46 9.34
Grassland/Shrubland 1,807.00 24.34 2,437.16 32.83

3.1.2 Soil Loss Map

The Rainfall erosivity factor(R) value ranges between
45.1 to 199.13 MJmm ha−1h−1yr−1 with higher
intensity in the southwestern part and the lowest value
in the northern part of the study area. The K factor
value ranges from 0.04 to 0.28. The LS factor value
ranges between 0-1937.33. The C factor value was
found between 0 and 0.5 with a lower value signifying
no loss and a higher value signifying uncover and a
high probability of soil loss The P Factor ranged from
0.55 to 1. Fig. (7) shows the RUSLE factor maps for
the annual average soil loss estimation of the
Kaligandaki watershed. The factors of the RUSLE

Figure 5: Annual mean precipitation pattern of
stations (1992-2021)

Figure 6: Annual Mean Temperature Patterns of
Lumle and Jomsom Stations(1992-2020)

model were analyzed in the ArcGIS environment for
soil erosion estimation within the study area. The total
annual soil loss rate ranges between 0 to 7638 t/ha/yr.
The watershed was categorized into seven erosion
classes based on the severity as in [19, 10].In 2019,
69.01% area have 0-1 t/ha/yr soil erosion, 18.81%
have 0-5 t/ha/yr, 3.55% have 5-10 t/ha/yr,5.23% have
10-20 t/ha/yr, 0.7% have 20-40 t/ha/yr, 1.8% area have
severe soil erosion condition with soil erosion rate
40-80 t/ha/yr and 0.8% area of the watershed is in the
very severe condition (>80t/ha/yr) and need
immediate action Table (6).

The main factors that tended to affect the quantity of
soil loss in the watershed were soil type, land
use/cover, and slope gradient. In general, the
estimated rates of soil loss were generally higher in
barren land and agricultural areas, and slope steepness
higher than 26.8%. The mean soil erosion in the
agricultural areas and barren land was found to be
8.89 t/ha/yr and 11.09 t/ha/yr as shown in Fig. 9a. The
soil erosion rate was identified as lower in the human
settlement. Compared to land use categories with mid
or natural vegetation including grassland, shrubland,
and forest, land use types with crop cultivation area
and barren land are far more vulnerable to soil loss.

In 2019, the average soil erosion rate for forest cover,
cropland, shrubland, and barren land is 3.23 t/ha/yr,
8.89t/ha/yr, 3.16t/ha/yr, 11.09 t/ha/yr respectively. The
soil erosion rate was 6.73 t/ha/year for steep slopes(
26.8 %) and about 3.44 t/ha/yr soil loss was estimated
in slopes below 7%. Particularly on fragile and steep
terrain that had been turned from forests to agricultural
fields, there was a significant rate of erosion. The low
infiltration rate and high potential runoff capacity of
soil texture make this area more vulnerable to soil
erosion. Estimated soil loss rates were low in regions
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Figure 7: (a) Rainfall Erosivity Factor (R) (b) Slope
Steepness Factor(LS) (c) Soil Erodibility Factor(K)
(d) Cover Management Factor(C) (e) Conservation
Practice Factor(P)

Figure 8: Soil Erosion Map by RUSLE Model
(a)2000 (b)2019

covered with forest cover regardless of slope gradients,
indicating that land cover is crucial in the process of
soil erosion.

3.1.3 Soil Loss Map by SWAT model

The Kaligandaki Watershed was separated into 25
sub-basins based on drainage systems, and each of
them was further divided into 1152 small units of

Table 5: Soil erosion Class by Severity (RUSLE
Model)

Soil Loss
(t/ha/year)

Severity
2000 2019

Area (Sq.km) Area (%) Area (Sq.km) Area (%)
0-1 Very Low 4891.06 67.00 4609.63 63.15
1-5 Low 948.49 12.99 1145.94 15.70
5-10 Moderate 471.09 6.45 289.09 3.96
10-20 High 301.58 4.13 542.15 7.43
20-40 Very High 144.47 1.98 93.92 1.29
40-80 Severe 444.87 6.09 471.20 6.45
>80 Highly Severe 99.12 1.36 146.86 2.01

Figure 9: Soil loss by (a) Slope (b) Land use (RUSLE
Model)

HRU based on the dominant land use, the
characteristics of the soil and slope, and the erosion
danger map. The simulation of the SWAT model
shows the soil erosion rate of different sub-watershed
of Kaligandaki and was reclassified for the severity
level. The result of the simulation shows that the
annual average soil erosion rate ranges from 0.0545
t/ha/yr to 93.09 t/ha/yr measured in subbasin 5 and
subbasin 23 respectively.

The spatial distribution of the soil erosion of the
Kaligandaki watershed is shown in Fig. (11(a) & (b)).
Based on the soil erosion map result, 21.77% of the
total area falls under the 1-5 t/ha/year, 1 % in the
5-10t/ha/year, 2.67 % of the total area in 10-20
t/ha/year, 1.06 % of the total area in 20-40t/ha/year,
and 0.52 % of the total area in 40-80t/ha/year soil
erosion category. Similarly, 5.6 % of the total area has
soil erosion of more than 80t/ha/year. Based on the
soil erosion estimation results 4 out of 25 sub-basin
fell under severe to very severe soil erosion categories.
These two categories of soil erosion combinedly cover
17.54 % of the total sub-watershed area and need land
management techniques immediately.

The R-square coefficient between simulated surface
runoff and soil erosion in the SWAT model was
significant as shown in Fig (13). It shows that soil
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Figure 10: (a)Land Use Map (b)Soil Map (c) DEM
(d) spatial delineation (e)Slope map (f)Sub-basins

Figure 11: Soil Erosion map by SWAT model

Table 6: Soil erosion Class by Severity (SWAT
Model)

Soil Loss
(t/ha/year)

Area
(Sq.km)

Area
(%) Min Max Mean

(t/ha/year)
Total loss
(t/year) Severity

0-1 4,960.12 67.39 0 0.997 0.19 161.79 Very Low
1-5 1,602.07 21.77 1 4.91 2.30 378.68 Low
5-10 73.51 1.00 5.03 9.82 7.00 342.77 Moderate
10-20 196.24 2.67 10.08 18.54 13.60 476.10 High
20-40 78.02 1.06 21.5 38.3 29.44 500.51 Very High
40-80 38.14 0.52 42.09 73.81 58.61 351.64 Severe
>80 412.43 5.60 84.6 1231.42 380.99 14,096.71 Highly Severe

erosion is directly dependent on the peak rate of
surface runoff and rainfall patterns. The result shows
detachment, deposition, and transportation are due to
rainfall and runoff.

Figure 12: Soil Erosion map by (a) Slope % (b) Land
Use (SWAT model)

Figure 13: Correlation between soil erosion rate and
surface runoff rate

Figure 14: Relation between Yearly Surface runoff
and Soil loss

3.2 Discussions

In this study, soil erosion rate was analyzed based on
the land use cover, slope, and change in the pattern
of the climate using two commonly used RUSLE and
SWAT models. Due to the unavailability of observed
data, it was not possible to validate with simulated data
but the result was compared with the published field
data and previous studies results and found similar.
The studies used for validation was similar research
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having identical geographic characteristics and other
model based results. The results analyzed in one study
show that 11 % of the area was found to be under
high to severe erosion risk whereas this study found
9.85 % and 8.53 % by SWAT and RUSLE model [10].
This study found the average rate of soil erosion in
the Kaligandaki watershed is greater than the average
rate of soil loss in flat areas and chure region, which
is also greater than that of most other regions of the
world [20]. In another soil erosion study conducted
in Siwalik hills using the RUSLE method, the soil
erosion ranges between 8.77 to 9.84 t/ha/yr [21] and
this study found soil erosion at 8.89 t/ha/year using the
same model. Similar to our findings, the Phewa and
jimruk watersheds average annual rate of soil erosion
was found 14.7 t/ha/year and 13.4 t/ha/year [6, 22]. A
study found that agricultural land experiences more
erosion than natural grasslands or forests [23]. The
results also show that the presence of forest cover can
considerably decrease the rate of soil erosion. The
expansion of agricultural lands at the loss of barren
land and forest areas of hilly areas accelerated soil
erosion over time, with a rate of 6.03 t/ha/year [21]
whereas, this study found 8.89 t/ha/year soil erosion
in agriculture area of Kaligandaki watershed. The
forest cover of the study area contributes 17.8 % of
total soil erosion whereas, barren land and cropland
contribute 34.81 % and 18.38 % of total soil erosion
per year. Global annual mean soil erosion data 2012
shows 10.54 t/ha/year soil loss in the Kaligandaki area
[20] and this study found 9.76 t/ha/year in 2012.

Conservation-based agriculture strategies including
minimal soil disturbance, use of cover crops to
preserve the soil, contour farming on steep slopes,
strip cropping, bunding, terracing of agriculture fields,
and other landscaping techniques are some strategies
to manage and reduce soil erosion in agriculture areas
[24]. Comparing the result of this study with different
similar kinds of research shows that the results are
identical. The result of both models shows that the
soil erosion in the Northern part is less than the soil
erosion rate in the Southern region. It might be due to
the low precipitation in the upper regions. Fig(5)
shows the precipitation pattern of the different
meteorological stations in the study area. The
enormous heterogeneity of the topography, soil,
cultural practices, and rainfall distributions of the
middle hills of Nepal causes a wide range of erosion
levels on different spatial and temporal scales. The
low mean annual precipitation in the northern part of
the study region attributed the lower rainfall erosivity

value in the High Himalayan area, which is lower than
the other part of the region. Rainfall erosivity is
directly related to the quantity of rainfall. Even
though RUSLE and SWAT model was used separately
in some studies at watershed and regional scales, this
study first time used both model combinedly to assess
soil erosion risk in the Kaligandaki watershed
[10, 25, 26, 21]. This study offers a useful way of
identifying higher soil erosion area and their severity
status to take into consideration for interventions to
reduce soil erosion.

Concentrating on these findings, this study reveals the
most vulnerable and critical regions. In young alpine
ecosystems, soil losses up to 25 t/ha/yr may be
common [27] but this study founds soil erosion up to
7678 t/ha/yr. This shows soil loss may be greater than
what the topography can tolerate, necessitating action
to stop it in vulnerable areas. Along with having an
adverse effect on the land, erosion also causes
sedimentation downstream to have a number of
detrimental effects. Designing and putting into
practice erosion control and watershed management
techniques are crucial [28]. Targeting the most
vulnerable regions where the impact is most likely to
occur will optimize the effectiveness of the control
measures [29].

4. Conclusions and Recommendations

The quantitative evaluation of the average annual soil
erosion rate of the Kaligandaki watershed with
rainfall, soil, land use, and topographic datasets was
done using the RUSLE model and SWAT model. The
Kaligandaki watershed appears to suffer significant
losses from the different factors of soil erosion,
according to these two methods used to measure soil
degradation. The annual average soil rate was found
14.4 t/ha/yr and 8.89 t/ha/yr by the SWAT model and
RUSLE model respectively. The study’s findings
indicate that soil erosion has a substantial negative
impact on productivity rates as well as its severity.
The most significant reasons of the increase in soil
erosion are topography, conventional practices in
agricultural areas, and changing patterns of rainfall
and temperature.

Finally, the result illustrates that both models are
useful tools to predict soil erosion rates. The
evaluation and identification of higher soil erosion
areas, the prioritization of necessary action for
conservation management, and the efficient use of
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natural resources can all be accomplished following
the methodology of this study in various watersheds.
Maintaining sediment data gauges may be challenging
due to the topographic and climatic circumstances, yet
sufficient quality and quantity of sedimentation data
are required to support the comprehensive soil erosion
estimation. A feasible way to achieve sustainable
environmental management is to introduce
appropriate site-specific measures, such as minimum
soil disturbance, agroforestry, water management, and
conservation measures based on the model erosion
finding of this study showed for the study catchment.
Bio-engineering techniques are crucial for stabilizing
stream banks and lowering landslides. The spatial
distribution of soil erosion in watersheds from this
study is useful for policy-level conservation and
management planning processes by land use planners
and decision-makers for prioritization of different
regions.
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