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Abstract 
Soil erosion, involving the detachment and transport of soil particles, significantly degrades soil 
quality and reduces land productivity. The Chure region of Nepal faces severe land degradation 
primarily due to soil erosion, leading to declining agricultural yields, reservoir sedimentation, 
and groundwater depletion. This study aimed to assess soil erosion in Ghorahi Sub-Metropolitan 
City by generating thematic maps of erosion parameters and estimating the average annual soil 
loss using the Revised Universal Soil Loss Equation (RUSLE) in a GIS environment. Input data 
included precipitation records, soil maps, a digital elevation model (DEM), and Sentinel-2 satellite 
imagery. Six key factors rainfall-runoff erosivity (R), soil erodibility (K), slope length and 
steepness (LS), cover management (C), and support practices (P) were analyzed and integrated to 
model soil loss. Results indicated erosion rates ranging from 0 to 45.93 tons/ha/yr., with 
an average of 22.96 tons/ha/yr., exceeding national and regional benchmarks. Spatially, 
the northeastern and southern regions exhibited higher erosion susceptibility compared to the 
central-western areas. To mitigate erosion impacts, the study recommends land rehabilitation 
programs (afforestation, terracing), community engagement in conservation, bioengineering 
solutions, and improved road construction practices to minimize soil disturbance. 
 
Keywords: Soil erosion, RUSLE model, Sentinel-2, soil erodibility, rainfall erosivity, GIS, land 
degradation, Nepal 
 
Introduction 

Soil represents a fundamental component of Earth's ecosystems, comprising a dynamic 
mixture of mineral particles, organic matter, water, air, and living organisms (Brady & Weil, 
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2016). This complex system supports essential ecological functions, agricultural productivity, and 
numerous industrial processes. However, anthropogenic activities including deforestation, 
intensive agriculture, and urbanization have significantly accelerated soil degradation worldwide 
(Lal, 2021), threatening these critical ecosystem services. 

The global scale of soil erosion presents alarming challenges, with agricultural lands losing 
over 75 billion tons of soil annually (Pandey et al., 2009). Nepal's unique geographical 
characteristics - extreme topographic variation (60-8,848m), active tectonics, and concentrated 
monsoon rainfall (June-September) - make it particularly vulnerable to erosion processes (Chalise 
& Khanal, 1997). In mountainous ecosystems, soil erosion has emerged as a primary 
environmental concern (Nyssen et al., 2009), directly threatening food security through the loss of 
fertile topsoil (Morgan, 2009; Tesfahunegn et al., 2014). The environmental consequences of soil 
erosion extend far beyond agricultural impacts. This natural process of soil detachment and 
transport degrades land quality, reduces water quality through sedimentation, increases flood risks, 
and diminishes carbon sequestration capacity (Lal, 2014; Li et al., 2015; Six et al., 2019). 
Furthermore, erosion contributes to biodiversity loss and aquatic ecosystem degradation 
(Montgomery, 2017), creating complex environmental challenges. 

The development of erosion modeling has evolved significantly since the introduction of 
the Universal Soil Loss Equation (USLE) by Wischmeier and Smith (1965). Subsequent 
advancements have produced more sophisticated tools including the Revised Universal Soil Loss 
Equation (RUSLE) (Renard et al., 1997), which incorporates improved algorithms for cover 
management, slope effects, and expanded climatic databases. These geospatial approaches now 
enable precise quantification and mapping of erosion patterns across landscapes. 

Despite these technical advances, significant knowledge gaps remain regarding erosion 
impacts on forest ecosystems and local livelihoods. Effective soil conservation requires 
understanding community-level adaptation strategies and integrating local knowledge with 
scientific approaches. This study addresses these needs by investigating spatial patterns of soil 
erosion in Ghorahi Sub-Metropolitan City, Dang District, combining geospatial analysis with local 
ecological knowledge to inform sustainable land management practices. 
 
 
Methods and Materials 
Study Area 

Ghorahi sub-metropolitan lies in the chure range of Lumbini province between 28°2' N 
latitude and 85°29' E longitude. It covers about 52221 ha with altitude around 600m above mean 
sea level. Ghorahi is mostly urban in central whereas rural areas are predominantly in North eastern 
of the region. Study area cover Ghorahi Sub-Metropolitan which possesses tropical and sub-
tropical to the cool temperature type of climate. Ghorahi itself part of dun valley and is surrounded 
by chure hills in its three sides (north, south and east) and by the plain on the other central western 
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part of region. The southern slopes of the northern hills are settled as well as cultivated whereas 
most of the northern slopes of the southern hills are covered with the natural vegetation. Central 
region is more urbanize and cultivated for agriculture. 
 
Data Collection 

This study mostly makes use of the secondary data. The data that were collected and 
acquired for this research purpose were: 
 
Precipitation data 

Precipitation data is required for the determination of the rainfall erosivity of the area. 
Hence, data of average annual precipitation of 10 years was obtained from the Department of 
Hydrology and Meteorology (DHM) of two stations located in Ratamata and Sukhabare. 
 
Soil map 

Soil and terrain (SOTER) database generated by Food and Agricultural Organization of the 
United Nations (FAO), the United Nations Environmental Programme and ISRIC, under the 
backings of the International Soil Science Society of scale 1;1 million map was used to serve the 
purpose of generation of the soil erodibility data. 
 
ASTER Global Digital Elevation Model 
ASTER Global DEM in TIFF format of the spatial resolution 30m was used which was 
downloaded from the website usgs.earthexplorer.gov 
 
Figure 1 
Map of the study area 
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Satellite data 

Satellite data was used for the preparation of the land use land cover map. Sentinal-2  
image of date 2020/1/1 to 2021/1/1 was acquired from https://scihub.copernicus.eu/. 
A = R × K × LS × C× P 
Where: 
dAi = average annual rate of soil loss (t/ha/yr.), 
Ri= rainfall runoff erosivity factor (MJ mm ha-1h-1), 
Ki = soil erodibility factor (t ha h ha-1 MJ-1 mm-1), 
LS= Topographic Factor (Dimensionless), 
Ci = crop or cover management factor (Dimensionless) and 
Pi= conservation/support practice factor (Dimensionless) of the ith cell 

After the generation of 6 input parameters, all of the factor maps were projected to UTM 
zone 44 and resampled to 30m of spatial resolution. All these maps were imported into ArcMap 
and the Raster Calculator tool within the spatial analyst extension was used to multiply all 6 
parameters. The resulting map was composite soil erosion map showing average annual soil loss 
of the pixel. The average value of the whole watershed was found out using get raster properties 
tool excluding water bodies and built-up land. 
 
Analysis  
Generation of the Input Parameters  

The Revised Universal Soil Loss Equation (RUSLE) estimates average annual soil loss using 
six key parameters: rainfall-runoff erosivity (R), soil erodibility (K), slope length and steepness 
(LS), cover management (C), and support practices (P). Below is the methodology applied to 
derive each parameter. 
 
Rainfall-Runoff Erosivity Factor (R Factor) 

The rainfall-runoff erosivity factor (R-factor), which quantifies the erosive potential of 
rainfall by combining raindrop kinetic energy with peak 30-minute intensity (EI₃₀) (Renard et al., 
1997), was estimated using mean annual precipitation data due to limited high-resolution rainfall 
intensity measurements. For Himalayan conditions, the R-factor was calculated through a 
regression equation (R = 79 + 0.363 × P) developed by Singh et al. (1981), where R represents the 
rainfall erosivity factor (MJ mm ha⁻¹ hr⁻¹ yr⁻¹) and P denotes mean annual precipitation (mm). The 
methodology involved collecting 10-year annual rainfall data from three meteorological stations 
within the catchment, spatially interpolating the precipitation values using the Inverse Distance 
Weighting (IDW) method in ArcGIS, and ultimately generating the R-factor map by applying the 
regression equation through the Raster Calculator tool in ArcMap. This approach provided a 
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reliable estimation of rainfall erosivity across the study area while accounting for regional 
precipitation patterns. 
 
Soil Erodibility Factor (K Factor) 

The soil erodibility factor (K-factor), which quantifies a soil's inherent susceptibility to 
erosion under standard conditions (9% slope and 22.13 m plot length), was determined following 
a systematic methodology. The process began with soil data preparation, where a soil map of the 
study area was clipped and SOTER (Soil and Terrain Database) units were identified. 
Representative soil profiles were then extracted from available metadata, incorporating key soil 
properties including texture, organic matter content, and permeability. The K-factor values were 
calculated using the Erosion-Productivity Impact Model (EPIC) developed by Williams et al. 
(1990), which considers the percentage of sand, silt, and clay, organic matter content, soil structure, 
and permeability. Finally, these calculated K-values, ranging from 0 (indicating low erodibility) to 
1 (representing highly erodible soils), were spatially assigned to their corresponding soil units to 
generate a comprehensive K-factor raster for the study area (Mhangara et al., 2012). 
K = Fcsand * Fsi -cl * Forgc * Fhisand * 0.1317 
Fcsand= [0.2+0.3.exp (-0.256*Ms*(1-Msilt/100))], 
Fcl-si= (Msilt/Mc+Msilt) ^0.3, 
Forg C= (1-0.25orgC/orgC+exp (3.72-2.95*OrgC)), 
Fhsand=(1-0.7(1-Ms/100)/(1-Ms/100) +exp(-5.51+22.9*(1-Ms/100))), 

The resulting K value is reported in United States customary units of short ton · ac · h/ (100 
ft · short ton · ac · in). After acquiring K values, it was attributed to respective SOTER units and 
rasterized using Polygon to Raster tool of ArcMap with cell size of 30m. 
Topographic Factor (LS factor) 

Topographic factor –Slope Length and Steepness (LS) is a combination of slope gradient 
factor (S) and a slope-length factor (L), which are determined from the DEM. Slope-length factor 
is a vital parameter in soil erosion modeling and computing transport capacity of surface runoff. 
An increase in the slope length of area indicates the steepness in which soil loss per unit area 
increases. The association of soil loss to terrain gradient is influenced by the vegetation coverage 
and soil particle size. It expresses the effect of topography, specifically hill slope length on erosion. 
 LS= Pow[(Flowaccum*cellsize/22.1,0.6) *pow(sin(slope*0.01745)/0.09,1.3] (Desalegn et al. 
2018) …eq3  
Crop Management Factor (C Factor) 

The C-factor quantifies the influence of vegetation cover and land management practices 
on soil erosion rates. It ranges from 0 (maximum protection, e.g., dense forest) to 1 (bare soil with 
no protection) (Renard et al., 1997). Since vegetation cover reduces erosion by intercepting rainfall 
and stabilizing soil, accurate land use classification is essential for determining C-factor values 
(Gitas et al., 2009). The methodology for determining the Crop Management Factor (C-factor) 
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involved several key steps. First, satellite imagery processing was conducted using a Sentinel-2 
image (UTM Zone 44) with acquisition dates spanning 2020 to 2021. Next, land use/land cover 
(LULC) mapping was performed by applying a Random Forest classifier to categorize the study 
area into four distinct classes: water bodies, settlements, agricultural land, and forested areas. 
Following classification, the LULC map was converted to vector format, where polygons 
representing the same land cover class were merged, and appropriate C-factor values from existing 
literature were assigned to each land cover type. Finally, the vector data was converted back to a 
30-meter resolution raster format using the Polygon to Raster tool in ArcGIS to facilitate further 
spatial analysis and integration with other RUSLE parameters. 
Conservation/Support Practice Factor (P Factor) 

The P-factor reflects the impact of soil conservation measures (e.g., contour farming, 
terracing) on reducing erosion by altering runoff flow patterns (Renard & Foster, 1983). The 
methodology for determining the Conservation/Support Practice Factor (P-factor) involved two 
primary steps. First, the previously classified Land Use/Land Cover (LULC) map was converted 
to a vector format, and appropriate P-values derived from existing literature were systematically 
assigned to each land use type. Subsequently, the vector data was transformed into a P-factor raster 
layer to facilitate seamless integration with the other RUSLE parameters in the soil erosion 
modeling process. This approach ensured consistent representation of conservation practice effects 
across different land use categories within the study area. 
2.3.2 Assessment of annual rate of soil erosion 
 RUSLE equation was used to determine average annual soil loss of the study area. The RUSLE 
equation for estimation of average annual rate of soil erosion is expressed as: 
A = R× K× LS× C× P 
Where, 
 A = average annual rate of soil loss (t/ha/yr), 
R rainfall runoff erosivity factor (MJ mm ha-1 h -1), 
K= soil erodibility factor (t ha h ha-1 MJ-1 mm-1), 
LS =Topographic factor (Dimensionless), 
C= crop or cover management factor (Dimensionless) and 
P= conservation/support practice factor (Dimensionless)  

After the generation of 6 input parameters, all of the factor maps were projected to UTM 
zone 44 and resampled to 30m of spatial resolution. All these maps were imported into ArcMap 
and Raster Calculator tool within spatial analyst extension was used to multiply all 6 parameters. 
The resulting map was composite soil erosion map showing average annual soil loss of the pixel. 
The average value of the whole watershed was found out using get raster properties tool excluding 
water bodies and built-up land. 
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RESULTS AND DISCUSSION 
Input parameters of RUSLE 
Rainfall Runoff Erosivity Factor 

The rainfall erosivity factor quantifies the effect of rainfall impact and also reflects the 
amount and rate of runoff likely to be associated with precipitation events (Xu et al., 2008). Since 
there was insufficient rainfall record, regression equation linking annual precipitation data to R 
factor was used. The average annual precipitation data of 10 years of the stations that were used 
were: 
Table  1 
Annual Rainfall Data of Various Rainfall Stations 
Station Latitude  Longitude Precipitation Erosivity 
Sukhabare 28.015945 82.390795 103.9221212 116.724 
Ratamata  27.96281694 82.61207 144.4979389 120.563 

 
The precipitation values were interpolated using inverse distance weighting method over 

the whole watershed. Then, the regression equation R = 79 + 0.363×P where P is the precipitation 
value and R are the R factor value used. The R factor value ranged from 116.724 to 120.563MJ 
mm ha-1 hr-1 year-1 over the whole Ghorahi sub-metropolitan. 
 
Soil Erodibility Factor 

For determining the K factor, soil map was used. The different type of soil texture that 
were present in the study area were silt clay loam, loam, sandy loam and silt loam with SOTER. 
Using EPIC model as described in the methodology earlier, the required parameters required for 
the model were selected. Percent sand, silt and clay of only upper horizon was selected assuming 
that soil is eroded from the upper horizon and since the metadata only had percent organic matter 
but the model requires percent carbon, standard assumption that 58% of the total organic matter is 
carbon was used. The resulting K value is reported in United States customary units of short ton · 
ac · h/ (100 ft · short ton · ac · in) which was multiplied by conversion factor of 0.1317 to obtain 
result in SI units of t.ha.h/(ha.MJ.mm). 
Table 2 
Soil Erodibility Values for Different Soil Textures 

Soil unit 
symbol 

Sand % 
topsoil 

Silt % 
topsoil 

Clay % 
topsoil 

OC % 
topsoil 

K value 

TH 41 41.3 17.7 7.03 0.017804 
TM 31.2 39.6 29.2 3.95 0.01694 
LV 26.1 27.3 46.7 1.86 0.015091 
LP 69.9 10.5 19.5 0.73 0.017397 
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LD 42.02 29.67 28.27 3.39 0.016617 
 
Topographic Factor 

Factor L was computed using DEM as an input source with the methodology applied as 
mentioned above. Slope map and flow accumulation map were derived from DEM so as to 
compute LS factor. Raw DEM was filled to fill any sinks or imperfection in the data after which 
elevation of the study area ranged from 787 to 2413m. The slope calculated in degree ranged from 
0 to 66.6157 20 degree whereas flow accumulation value ranged from 0 to 295563 which was 
derived from flow direction raster calculated from DEM. For the intermediate factors required for 
calculating factor L and slope gradient S is calculated by Rater calculator. Finally factor LS was 
obtained ranging from 0 to 187.85. 
 
Crop Management Factor  

For deriving C factor map, LULC map of the watershed was created initially. 
 
LULC condition of Ghorahi  

For the land use land cover calculation sentinel-2 image is used with random forest 
algorithms for the classification of land cover. The LULC classes that were selected were forest 
area, agricultural land, settlement and water bodies. While looking at LULC map, it is clear that 
northern and eastern as well as southern side of the Ghorahi is mostly has mainly forest land with 
few agriculture sites with contour farming whereas the central portion of Ghorahi is practiced 
agriculture and settled   heavily. Forest on the southern side is in small patches and most of them 
are open type forest and degraded whereas north eastern forest is mostly dense forest. The urban 
area is mostly concentrated on the central and western part of Ghorahi. Barren lands are mostly 
found on the sand shore area of the streams contributing to the watershed. So, the barren land 
around the watershed is more prone for the soil erosion and cumulated for soil loss.  
 
Table 3 
Accuracy Assessment of LULC Of Ghorahi sub-metropolitan 
Class Producer accuracy  User Accuracy  
Forest  92.85 90.69 
Water 100 97.43 
Settlement  95.65 91.66 
Agriculture 87.8 94.73 
Overall accuracy  93.75 
Kappa 0.91 
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The kappa coefficient of land use land cover image was 0.91 which is close to 1 meaning 
there is 91% of agreement than chance alone. 

C factor values according to land use were referenced from literature consultation. The 
land classes were converted to vector file and C factor values were attributed in the attribute table. 
Then it was again converted to raster file with the cell size of 30. The prescribed C factor values 
were: 
 
Table 4 
C factor value for crop management factor 
Land class  C factor value 
Water body 0 
Settlement  0.003 
Agriculture 0.15 
Forest 0.01 

 
Conservation/Support practice factor 

 Conservation or support practice factor (P) is the ratio between soil loss with a specific 
support practice and the corresponding loss with up and down slope tillage. These conservation 
practices dominantly affect erosion by improving the flow pattern, grade, or direction of surface 
runoff and reducing the amount of rate of runoff. P-value ranges from 0 to 1, where the value 0 
indicates good erosion resistant facility made by man and the value 1 indicate an absence of erosion 
resistant facility. The P factor values prescribed to different land classes were: 
 
Table 5  
P factor according to slope  
Slope  P factor value 
0-7 0.55 
7-11.3 0.6 
11.3-17.6 0.8 
17.6-26.8 0.9 
26.8> 1 

(Koirala et al 2019) 
 
 
 
 
Figure 2 
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Rainfall Runoff Erosivity Factor Map 

 
Figure 3  
Soil erodibility factor map 

 
Figure 4 
Topographic Factor map 
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Figure 5  
Crop Management Factor Map 

 
Figure 6 
Support Practice Factor Map 
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Erosion Rate in the Study Area 

After obtaining 6 parameters of the RUSLE equation, all the factors were projected to the 
UTM 44 projection system and pixel size of each thematic layers were resampled to the 30m*30m. 
Raster calculator on ArcMap > Spatial Analyst Tools > Map Algebra > Raster calculator was used 
to multiply all those 6 factors. The final result obtained was: 
 
Table 6 
Erosion rate in the study area 
Value field Results 
Minimum rate  0 Tons/hectare/year 
Maximum rate 45.93 Tons/hectare/year 
Average rate 22.96 Tons/hectare/year 

 
The final soil erosion composite map obtained is presented in figure 7. 
 
 
 
 
Figure 7 
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Composite Soil loss map 

 
 

As evident from the map, most of the areas with soil erosion were located on the north 
eastern and southern side of the watershed whereas most of the low risk of soil erosion was on the 
western part /central region of the watershed, as it is mostly forested. Since no distinction was 
made between open forest and dense forest due to relatively coarser resolution of the dataset, both 
dense and open forest were given very low C factor values resulting in most of the forest areas of 
the whole watershed with low probability of soil erosion. Likewise, areas of low and moderate 
intensity of soil erosion were mostly located in the agricultural lands all around the watershed with 
having less steep topography influenced by low L and S factor. High intensity of soil erosion was 
also mostly located in the agricultural lands with steep topography. Likewise, pixels of water 
bodies classes were clustered together mostly along barren lands with their location mentioned as 
above in erosion hotspots. 

Very few studies have been done in soil loss around the Chure in regards to soil erosion 
despite it being a serious problem in the Chure. When considering recent studies, Koirala et al 
(2019) used RUSLE model to calculate soil erosion rate of High Mountains, High Himal, Chure, 
and Terai have mean erosion rates of 38.0, 32.0, 28.0, 7.0, and 0.1 t ha−1 yr respectively with 
annual soil loss rate 25 t ha−1 yr−1. It is clear that the difference in model makes considerable 
difference in estimation of the soil erosion since each model requires difference input parameters. 
Hence, it is evident that soil loss calculation using several models accompanied by locally relevant 
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field-based calculations to compare and approximate the results to gain the clearer understanding 
of the erosion process in Ghorahi is crucial. 
 
CONCLUSION AND RECOMMENDATIONS 

The study evaluated soil erosion in the Ghorahi sub-metropolitan area using precipitation 
data, soil maps, DEM, and satellite imagery, identifying six key parameters influencing erosion. 
The average soil erosion rate was found to be 22.96 ton/ha/yr, significantly higher than the national 
average (25 ton/ha/yr) and the Chure range (7 ton/ha/yr). Barren areas near water bodies were most 
susceptible, followed by agricultural land, while forested regions showed the least erosion. The 
southern and northeastern parts of the watershed were more erosion-prone compared to the central 
area. To mitigate soil loss, land rehabilitation programs such as afforestation and terracing should 
be prioritized, especially on steep slopes and sparsely vegetated areas. Additionally, raising 
community awareness on sustainable land use and involving local stakeholders in conservation 
efforts is essential. Implementing low-cost bioengineering techniques and ensuring proper soil 
conservation measures during rural road construction will further reduce erosion risks. These 
measures will support sustainable land management and long-term environmental stability in the 
region. 
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