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Abstract
Assessment and estimation of soil loss is a fundamental aspect of land and water resource conservation and management 
practices as it provides necessary information in the course of watershed-level development of a region. The soil loss 
model of Wischmeier and Smith, popularly known as the Revised Universal Soil Loss Equation, was selected to estimate 
soil loss in the lower Kulsi river basin due to its simplicity, versatility, and flexibility nature method in the Geographic 
information system platform. Most original governmental datasets, mainly daily gauge rainfall from 2009 to 2018, satel-
lite images for land use land cover, digital elevation model of Shuttle Radar Topographic Mission for topographic factor, 
and National Bureau of Soil Survey and Land-use Planning, India soil map were utilized to estimate the average annual 
soil erosion. The estimated average annual soil erosion ranges from 0.0 to 6.45 thousand t  ha−1y−1, grouped into low, 
moderate, high, and very high risk of soil erosion. A basin area of 36.235  km2 (1.85%) basin area was identified as high to 
very high zones of soil erosion risk and needed immediate conservation measures to reduce the erosion risk.

Article highlights

(1) The soil loss estimate is vital for taking appropriate 
anti-erosion measures and enhancing surface runoff 
in identifying priority areas.

(2) The GIS-based RUSLE model is a simple and widely 
acceptable soil loss estimating model for the water-
shed in a tropical monsoon climate.

(3) Rainfall erosivity, conservation practice, and topo-
graphic factors of the basin contribute more to soil 
erosion.

Keywords Soil erosion · Geographical information system (GIS) · Land use land cover (LULC) · Revised Universal Soil loss 
equation (RUSLE)

1 Introduction

Soil erosion is a process of land degradation caused by a 
mixture of natural determinists such as topography, soil, 
climatic, and vegetation cover, and human interference 

like agricultural practices, deforestation, land modifi-
cation, and construction activities [1]. Soil erosion is a 
severe problem with inestimable economic and envi-
ronmental impacts worldwide because of its extent, 
magnitude, rate, and complex processes [2]. Accurate 
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assessment and soil loss estimation are crucial in sus-
tainable land and water resources management. Vari-
ous soil erosion model has been developed to estimate 
soil erosion. The Universal Soil Loss Equation (USLE), the 
Modified Universal Soil Loss Equation (MUSLE), and the 
Revised Universal Soil Loss Equation (RUSLE), the Revised 
Universal Soil Loss Equation version 2 (RUSLE 2) are 
the most famous empirical models of soil loss applied 
worldwide [3, 4]. The soil loss model, namely the Uni-
versal Soil Loss Equation (USLE), was developed by W. H. 
Wischmeier and D.D. Smith in 1978. It is a widely used 
standard mathematical model to predict long-term aver-
age annual soil loss on arable land [5]. With its revised 
(RUSLE) and modified (MUSLE) [5, 6], the USLE is still 
being used in many studies [7].

The RUSLE model is relevant for ecosystem services 
related to soil erosion and protection as the model can 
predict erosion potential on a cell-by-cell basis [8]. It is 
effective to identify the spatial pattern of the annual 
soil loss within a catchment scale. The method has been 
applied in many worlds regime and has proven effective 
in estimating soil loss [9]. The algorithms can be imple-
mented using standard GIS software based on literature 
values or adapted to empirical data. GIS can be used to 
isolate and query location to identify the role of individual 
variables contributing to the observed erosion potential 
value [7]. A bundle of research work has been done on 
the estimation of long-term soil loss using geospatial 
techniques in the world, such as the Fincha Catchment of 
Ethiopia [12], the Dolapha district of Nepal [13], the Kalu 
Ganga River Basin [14], and Pabaragamuwa Province [15] 
of Sri Lanka, the Kelantan state, north-eastern Peninsular 
Malaysia [16], Wadi El Hayat watershed of Saudi Arabia 
[17], the Northwestern Crete in the semi-arid region of 
Greece [18], tropical mountain river basin of the south-
ern Western Ghats [19], Padma River Basin, Siruvani River 
watershed in Attapady valley, Kerala [20], the Barakar River 
Basin of Jharkhand [21], the Kangsabati River Basin of east-
ern Chotanagpur Plateau [22], the Panchnoi River Basin 
[23], and the Dikrong River Basin in a hilly catchment of 
Northeast India [24] in India.

The Kulsi River basin of North-east India is exceptionally 
vulnerable to landslide and soil loss due to high seasonal 
rainfall increasing surface runoff in severe hill slopes, and 
terrain modification for human economic needs. Assessing 
soil loss in the basin is needed for land and water resources 
management and conservation programs. Therefore, the 
present study attempts to estimate the average annual 
soil loss in the lower Kulsi basin using RUSLE with the Arc-
GIS interface. The results of this research paper can help 
the decision-makers, and local government, with land and 
water resources planning to reduce erosion and environ-
mental protection.

2  Methodology

2.1  Study area

The Kulsi River is a left-bank tributary of the Brahmaputra 
River. It is on the northern front of the Shillong Plateau, a 
northward-flowing river system that drains Assam’s plain 
region and joins into the Brahmaputra River. The river is 
known as Khri in Meghalaya, where the tributaries like Um 
Krisinya River, Um Siri, and Um Ngi confluence at Ukiam, 
after reaching the alluvial plain of Assam, the river is known 
as Kulsi River. The Kusli River basin has a total area of around 
1953  km2. Geographically, its latitude and longitudinal 
extension are 25°31′58.8′′ N to 26°75′3.33′′N and 91°E 
to 91°48′30′′E, showed in Fig. 1. The upper catchment of the 
study area is composed of moderate to highly dissected 
structural hills and valleys, which depict the surface runoff 
of the rugged hilltop and are affected by soil erosion. The 
debris slopes are moderate to steep and severely eroded 
with the high acceleration of finer alluvial soil. The catch-
ment has elevations ranging from 80 to 1220 m. The topo-
graphic subunits of the low-lying plains are the young allu-
vial plain, the old alluvial plain, the active flood plain, and the 
older flood plain. The pediment complex is another crucial 
landform unit with a moderate slope sustaining natural veg-
etation and grassland. The upper catchment is mainly com-
posed of fine soil texture soil, the parent material is Gneiss, 
and the downstream section of the river is covered mainly 
by alluvium. The upper catchment area belongs to the age 
of the Proterozoic structure, and the downstream belongs 
to the age of Meghalaya, formed during the Barpeta-I, Sorb-
hog, and Hauli formations.

The Kulsi is an 8th-order drainage basin located in the 
sub-tropical monsoon type of climatic zone with highly 
seasonal rainfall in summer. Average annual rainfall was 
recorded at 1956.67 mm at the Boko rain gauge station 
located in the central part of the basin. It received higher 
rainfall in the catchment area and decreased at the Guwahati 
airport station northeast. More than 74% of the rain occurs 
only in summer (May to September), causing surface runoff 
and vulnerability for soil erosion and landslide on the rug-
ged topography in the catchment and flood inundation in 
the lowland. In addition, 38% of the study area was covered 
by agricultural land, and most of the natural vegetation was 
converted to arable land with traditional crop practices on 
hill slopes leading to soil erosion.

2.2  Database

The watershed of the Kulsi has been prepared from the sur-
vey of India’s topographical sheets at a 1:50,000 scale. The 
watershed boundary is delineated after carefully digitizing 
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the stream network in Arc GIS 10.6 software from topo-
graphic sheet no. 78 N/4, 78 N/8, 78 O/1, 78 O/2, 78 O/5, 78 
O/6, 78 O/9, 78 O/10, and 78 O/14 covings 4135  km2 area. 
Topographical sheets are registered in the WGS_1984_
UTM_Zone_46N projection system before digitizing linear 
features like streams network and contour lines. The down-
stream of the watershed in the Assam part is extracted as 
a study area, namely the lower Kulsi River basin covering a 
1956  km2 area. The rainfall data were collected from RMC, 
Guwahati, and RSRS, Boko, for 2009–2018. The study area 
has only two rain gauge stations, Boko and Guwahati Air-
port. However, seven stations were used to estimate the 
rainfall distribution map more accurately. Tikirikila, Wil-
liumnagar, and Shillong rain gauge stations are located 
in Meghalaya Plateau towards the southern boundary of 
the basin. Goalpara and Beki River Barpeta rain gauge sta-
tions are located West and North West boundary of the 
study area. The soil map and its attribute information are 
extracted from the soil map prepared by NBSS & LUP, 1999. 
The LULC types of the study area are delineated from the 
satellite data (IRS LISS IV, DOP 26/01/2018) based on visual 
interpretation (digitized) techniques in the GIS environ-
ment. The satellite image is projected at the same coor-
dinate system units, WGS_1984_UTM_Zone_46N. The 
current LULC patterns are digitized after carefully observ-
ing the features up to the 1:1000 scale using Arc GIS 10.6 
software. The whole approach for preparing the LULC map 

of the study area involved visual observation, preliminary 
interpretation using SOI topographical map and Google 
Earth satellite map provided by Landsat/Copernicus 2021, 
and final interpretation after a rigorous field check. The 
correctness of the LULC information derived from satellite 
images was assessed using the Kappa coefficient. There 
are 500 ground control points taken for the assessment. 
The Kappa coefficient was 0.828, indicating almost per-
fect strength of agreement between classified and ground 
truth data (see Table 1). 

2.3  Method

The RUSLE model was used to estimate average annual 
soil loss to delineate the erosion-prone area in the lower 
Kulsi Basin. It is a straightforward, flexible, and widely 
acceptable model to estimate average annual soil erosion 
in a diverse land cover watershed. The estimated average 
annual soil erosion was quantified using Eq. 1 [5, 25].

 where A means average annual soil loss per unit area (t 
 ha−1  y−1), R is the rainfall erosivity (MJ mm  ha−1  y−1), K is the 
soil erodibility factor (ha h  MJ−1 mm), L is the slope length 
factor, S is the slope steepness factor (dimensionless), C is 

(1)A = R × K × L × S × C × P,

Fig. 1  Location map of the 
lower Kulsi River basin
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the cover management factor (dimensionless), and P is the 
support and conservation practice factor (dimensionless).

Rainfall erosivity (R) power is the most dominating soil 
erosion factor in a watershed. This paper determined the 
watershed’s rainfall erosivity from the ten years of recorded 
average annual rainfall (2009–2018) of seven rain gauge 
stations. The spatial distribution of rainfall was prepared 
using interpolate distance weighted (IDW) interpolation 
tools in the Arc GIS 10.5. IDW is the preferable method 
for measuring a river basin’s smooth rainfall distribution 
in terms of mean error [26]. The resultant grid map was 
integrated into the empirical Eq. 2 developed by Ram et al. 
using a raster calculator to generate the rainfall erosivity 
factor for the Indian framework [27].

Rainfall erosivity,

 Where R is the rainfall erosivity factor (MJ mm  ha−1  h−1 
 year−1), and P is annual precipitation for areas where 
annual precipitation ranges between 340 and 3500 mm.

Soil erodibility factor (K) denotes the susceptibility 
of soil to erosion determined by the texture of the soil, 
grain size, structural integrity, organic content, drainage 
potential, and cohesiveness [20]. The soil texture map and 
the attribute information of the study area are collected 
from the soil map prepared by the National Bureau of Soil 
Survey and Land Use Planning (NBSS, 1999). K factors for 
each soil texture of the study were identified from the soil 
erodibility table after Stone and Hilborn by considering 
less than 2% organic matter content [28]. The K value of 
each soil texture was added to the attribute table and con-
verted into a raster layer in the ArcGIS platform.

(2)R = 81.5 + 0.38P,

The topography of landform plays a significant role in 
soil loss as it changes more rapidly with the slope steep-
ness and length. The topographic factor is the product 
of slope length (L) and steepness (S). It affects soil ero-
sion and is accounted for by the RUSLE model to esti-
mate average annual soil loss. This paper quantified the 
combined LS factor using Eq. 3, proposed by Moore and 
Burche [29].

 Where flow accumulation is the accumulated upslope 
contributing area for a given cell, cell size means the area 
covered by each grid; Sin slope is the Sin value of slope 
degree. The flow accumulation and the slope map of the 
study area were generated from SRTM DEM of 30 m using 
hydrological and surface extension in the ArcGIS platform. 
The combined LS factor was computed by Eq. 3 using the 
raster calculator of ArcGIS spatial analysis extension.

Cover management factor (C) is another crucial fac-
tor for soil erosion: vegetation cover, cropping pattern, 
soil productivity, and subsurface biomass can resist soil 
erosion after the rainfall event. Wischmeier and Smith 
defined the C factor as the ratio of soil loss from land 
cropped under specified conditions to the correspond-
ing loss from clean-tilled, continuous fallow land [5]. 
Remote sensing data can quickly assess the generation 
of the C factor by using the normalized difference veg-
etation index (NDVI). It is a dimensionless index that can 
estimate vegetation strength and describes the differ-
ence between visible and near-infrared reflectance of 
vegetation cover [30]. In this paper, the NDVI indicator 

(3)

LS =

(

flow accumulation ×
Cell size

22.13

)0.4

×

(

Sin slope

0.0896

)1.3

,

Table 1  Detailed of the database used in the study

Data Description Source

Toposheet No 78 N/4, 78 N/8, 78 O/1, 78 O/2, 78 O/5, 
78 O/6, 78 O/9, 78 O/10, and 78 O/14; 
Scale 1:50000

Survey of India

For Watershed, Streams network
Rainfall data For 2009–2018 Regional Meteorological Centre (RMC), Guwahati, India.

Seven rain gauges—Boko, Guwahati air-
port, Tikirikila, Goalpara, Beki, Williamna-
gar, and Shillong.

Regional Sericulture Research Stations (RSRS), Boko.

Soil map Soil texture, 1999 National Bureau of Soil Survey and Land-use Planning www. nbssl up. in
Scale 1:50000

Satellite image Resourcesat 2, LISS III 19/02/2018
24 m

National Remote Sensing Center, Hyderabad www. bhuvan. nrsc. gov. in

IRS LISS IV, 26/01/2018 
5 m
SRTM DEM
30 m

Earth explorer www. earth explo rer. co. in

http://www.nbsslup.in
http://www.bhuvan.nrsc.gov.in
http://www.earthexplorer.co.in
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is integrated into the following Eq. 4 to generate the C 
factor value [18, 31, 32]. 

  where α and β are the parameters that determine the 
shape of the curve relating to NDVI and C factors, Van 
der Knijff et al. supposed the value of 2 and 1 for α and β, 
respectively, for good results and successfully applied to 
obtain C factor [31].

A support practice factor (P) map was generated based 
on the LULC map of the study area. Current LULC catego-
ries were delineated through a systematic visual interpre-
tation of high-resolution satellite images. The study area 
is classified into ten main types of LULC, namely barren 
land, cropland tea plantation, forest, grassland, shrub-
land, marshy land, exposed rocky surface, water bodies, 
and built-up land (Fig. 6). P values of each LULC category 
were added to the attribute table and converted to the 
raster layer in the ArcGIS platform. P-value is a dimension-
less parameter. It ranges from 0 to 1. The highest value 
denotes no conservation practices (barren land), and the 
minimum values are assigned for built-up and other con-
servation practices with contour cropping [20].

3  Results and discussions

The average annual soil loss of the lower Kulsi basin was 
estimated based on the product of five erosion factors of 
the RUSLE model, rainfall erosivity factor (R), soil erod-
ibility factor (K), topographic factor (LS), cover manage-
ment (C), and conservation practice (P). Many factors 
affect soil erosion in tropical and sub-tropical areas. One 

(4)C = exp

(

−� ×
NDVI

� − NDVI

)

,

of the contributing factors is heavy rainfall which leads to 
rain splash, surface runoff, and soil erosion [33]. Rainfall 
and runoff in the hilly area trigger mass movement and 
landslides [2, 34]. The 10 years (2009–2018) mean annual 
rainfall of seven rain gauge station data was used to com-
pute the R factor. The average annual rainfall during the 
periods varies from 1209 to 2104 mm (Fig. 2a), and the 
corresponding rainfall erosivity factor of the study area 
ranges from 541 to 881 MJ mm  ha−1  h−1  y−1 (Fig. 2b). The 
higher R-value designates higher rainfall to contribute to 
soil erosion [35]. More than 74% of the total annual rainfall 
of the basin occurs only in the summer months from May 
to September. Such highly seasonal rainfall contributes 
surface runoff and is susceptible to soil erosion in hills and 
floods in the lowland.

The soil texture of the study area is grouped into five 
categories—clay, coarse silt, coarse loam, fine loam, and 
fine. Figure 3 illustrates the soil texture and correspond-
ing K factor values identified from the soil erodibility table 
after Stone and Hilborn (2000). K value of the basin var-
ied from 0.13 t h  MJ−1  mm−1 of coarse loam texture soil to 
0.38 t h  MJ−1  mm−1 of coarse grain silt texture soil. The soil 
erosion susceptibility increases with a higher K factor [36]. 
The high K factor of silt soil is more susceptible to erosion 
than the lower K factor of loam and clay soil in the lower 
Kulsi basin.

The slope length (L) and steepness (S) provide terrain 
analysis quantitatively of a basin. The study area’s topo-
graphic factor map (Fig. 4c) is prepared based on two 
topographic parameters, flow accumulation and slope 
(%), using Eq. 3. The flow accumulation layer is generated 
by calculating the flow direction of DEM using hydro-
logical extension tools in ArcGIS. Figure 4a shows greater 
flow accumulation values and specifies the area to form 
more accessible runoff. The basin slope ranges from 0° to 

Fig. 2  a Spatial distribution of total annual rainfall in mm (2018), b R factor map of the lower Kulsi River basin
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64° or 207% (Fig. 4b). A higher value of flow accumula-
tions and slopes in the basin creates a higher value of the 
topographic factor and makes it susceptible to soil erosion 
[37]. The basin area’s topographic factor (LS) varies from 0 
to 80. Figure 4c demonstrates the spatial variation of the 
LS factor in the study area.

The cover management and support practice factors 
are the dimensionless parameters of the RUSLE model, 
derived from current land use and land cover of the lower 
Kulsi River Basin. The cover management factor is derived 
from the NDVI map using Eq. 4. NDVI is a dimensionless 
parameter used to estimate the density of vegetation. It 
ranges from 0.07 to 0.37 (Fig. 5a). A high value of NDVI 
indicates dense forest, and a low value below 0.1 signi-
fies bare surface cover and susceptibility to soil erosion. 
The estimated C factor of the area varies from 0.29 to 0.85 
(Fig. 5b). The C factor value nearer to zero means well pro-
tected, while the value approaches 1 for barren land [7].

The study area’s land use and land cover map were pre-
pared from satellite images based on visual interpretation 
techniques (Fig. 6) for identifying the support practice 
(P) factor. It is a dimensionless factor, and the value will 
be 0–1, 0 for good conservation practices and 1 for poor 
conservation practices. The study area is classified into 
ten land use/land cover categories: agricultural land, tea 
plantation, forest, shrub forest, trees mixed with grassland, 
marshy land, barren land, exposed rocky surface, water 
bodies, and built-up land. Agricultural land occupied 
38.65% of the total study area, comprising single crops in 
the lowland (36.65), double crops in the highland (1.91%), 
and tea plantations (only 0.087%) in the foothills area of 
the basin. Lower P values were assigned for the cropland. 

Cultivable fallow, built-up, and barren land was mainly 
responsible for excess soil erosion and higher P-value. 
About 566  km2 of the watershed covered by natural veg-
etation like Sal and Teak in the low-lying area was identi-
fied as less susceptible to soil erosion and assigned a low 
P-value.

The estimated average soil loss of the lower Kulsi basin 
was quantified by integrating all factor layers of RUSLE 
using the raster calculator of ArcGIS. The resultant soil loss 
map is presented in Fig. 7. It is estimated that the average 
annual soil loss of the lower Kulsi River basin varied from 
0 to 6.453 thousand t  ha−1y−1, with the mean of the range 
being 0.25 t  ha−1y−1. Table 2 illustrates the four catego-
ries of the annual average rate of soil erosion namely, low 
(0–1 t  ha−1y−1), moderate (1–10 t  ha−1y−1), high (10–100 
t  ha−1y−1), and very high (above 100 t  ha−1y−1). A large 
portion of the basin was classified as erosion-free or with 
very low soil erosion. It occupied a 1343  km2 area and was 
more than 68% area of the basin. About 29.36% of the 
total area was categorized into a moderate level of soil 
erosion (1–10 t  ha−1y−1), 1.80% area had a high level of soil 
erosion (10–100 t  ha−1y−1), and 1.005  km2 area of the basin 
was susceptible to a very high level of soil erosion (above 
100 t  ha−1y−1). Table 3 illustrates the estimated mean of 
soil erosion and their supportive factor values on different 
land use/land cover classes. Due to the high P and LS fac-
tors, the high mean value of soil erosion in the basin was 
observed on the barren and forest on hills, including culti-
vable fallow land and marshy land in the catchment area. 
Most of the vegetation cover in the basin is grown on high-
gradient topography. Built-up and exposed rocky surfaces 
on hills (Fig. 8) were also identified as high-risk areas of 

Fig. 3  Soil texture map and 
corresponding erodibility fac-
tor (K) value
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soil erosion with an estimated mean value of soil erosion 
greater than 1.75 t  ha−1y−1 and 1.57 t  ha−1y−1, respectively. 
The high LS factor is mainly responsible for the increased 
risk of soil erosion in forest cover.

Literature shows that the average soil loss of less than 
1 t  ha−1y−1 is considered the tolerable soil erosion rate 
[25]. However, the findings of the soil loss rate in differ-
ent land use of the Kulsi basin were considered above 

Fig. 4  a Flow accumulation 
map, b the slope (%) map is 
prepared from SRTM DEM, c LS 
factor map of the study area is 
prepared based on flow accu-
mulation and slope map using 
the Eq. 3 in raster calculator
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Fig. 5  a Normalized difference vegetation index map, b C factor map



Vol.:(0123456789)

SN Applied Sciences (2023) 5:81 | https://doi.org/10.1007/s42452-023-05303-0 Case Studies

the tolerable rate except for shrub vegetation. Any soil 
loss above 1 t  ha−1y−1 was considered irreversible soil 
erosion [38]. FAO 2015 shows average soil erosion rate 
for a tropical region is often less than 10 t  ha−1y−1 [39]. 
However, the resultant spatial variation of soil loss from 
0 to 6453 t  ha−1y−1 in the lower Kulsi basin indicates a 
higher soil erosion rate than the average of the tropical 
region. Much catastrophic soil loss was estimated in the 
tropical climatic region of India by the findings ranges 
0–105.578 t  ha−1y−1 in the tropical southern Western 
Ghats of Kerala [19], 473,339 t/y in the Nethravathi basin 
of Karnataka [7], 0–250 t  ha−1y−1 in the Indian Himalaya 
region of Uttarakhand [39]. These estimated values of 
soil loss are quite higher than those in other countries of 
the world. The results of the average soil loss have been 
compared with the past literature of various catchments 
across the world, including the findings of estimated 
soil loss ranges 0.0–76.5 t  ha−1y−1 in the Fincha catch-
ment of Ethiopia [40], 7.6–90 t  ha−1y−1 in the Wadi El 
Hayat watershed of Saudi Arabia [17], 0.0–4.66 t  ha−1y−1 
in the Kalu Ganga watershed [14] and 0.0–50 t  ha−1y−1 
in the Sabaragamuwa Province of Sri Lanka [15], 0–120 
t  ha−1y−1 in sub-Saharan Africa [41], 0–150 t  ha−1y− 1 in 

Alaca catchment of Turkey [42], 4.3–1819.7 t  ha−1y−1 
in the Yangou watershed in Loess Plateau, China [43], 
0–18473 t  ha−1y−1 in the Pansoon sub-basin of Malaysia 
[44]. It has been proved that India’s soil erosion problem 
is much more catastrophic than other countries.

About 36.23  km2 of the study area is sensitive to the soil 
erosion rate of more than 10 t  ha−1y−1 because of the bare 
ground, cultivable fallow in the hilly topography. The field 
observation of highly erodible bare ground on the hills is 
exemplified in Fig. 9. Figure 10 shows the aerial view of the 
erodible barren land on Bandaraja Hill in the study area, 
where the soil loss rate was estimated at more than 100 t 
 ha−1y−1. The soil particle on such surfaces will be detached 
by extreme seasonal rainfall with high rill erosion and 
landslide content. Support practice (P) and topographic 
factor (LS) with cover management are the leading fac-
tors that contribute to massive soil loss even in the same 
rainfall erosivity (R) and soil erodibility (K) factors for the 
study area. About 5.24  km2 of bare ground and cultivable 
fallow land on the hill with a fine loam soil texture area is 
identified most severe soil loss and needs instantaneous 
action for conservation. In this research, the spatial soil 
erosion content was measured using high-resolution satel-
lite data (5 m) for the first time with reasonable accuracy of 
the LULC map for measuring the P factor. Seven observed 
gauge rainfall was used for calculating rainfall erosivity 
and SRTM DEM with 30 m spatial resolution for calculating 
LS factor. The GIS-based RUSLE model has successfully esti-
mated long-term average annual soil erosion in the lower 
Kulsi River Basin. The model offers us a valuable means for 
identifying the susceptible area of soil loss for planning 
and implementing soil and water conservation measure 
to reduce the soil loss. The results can be improved by 

Fig. 6  Land use and land cover 
map and corresponding sup-
port practice factor

Table 2  Average annual soil loss of the lower Kulsi River basin

The severity of 
soil loss

Rate of soil loss (t 
 ha−1y−1)

Area  (km2) Area (%)

Low 0–1 1343.93 68.78
Moderate 1–10 573.65 29.36
High 10–100 35.23 1.80
Very high 100 < 1.005 0.05



Vol:.(1234567890)

Case Studies SN Applied Sciences (2023) 5:81 | https://doi.org/10.1007/s42452-023-05303-0

improving the input data, like a high-resolution DEM, to 
extract a more accurate LS factor. More rainfall stations 
within the study area can improve the accuracy of the R 
factor and a more accurate assessment of soil erosion of 
the basin.

4  Conclusion

Highly varied topographic with cover management fac-
tors (C) and support for the practice (P) of land use and 
land covers were the main factors for soil erosion in the 
basin. Barren land, exposed rocky surface land & stone 

Fig. 7  Estimated soil loss map of the lower Kulsi River Basin based on the RUSLE model

Table 3  Mean the value of soil erosion supporting factors on different land use/land cover classes of the study area

Land use/land cover Area  (km2) Rainfall erosiv-
ity, R (MJ mm 
 ha−1  h−1y−1)

Soil erodibility, 
K (t h  MJ−1  mm−1)

Slope length 
and steepness, 
LS

Cover manage-
ment, C

Support 
practice, P

Mean soil 
loss (t 
 ha−1  y−1)

Barren land 7.24 801.12 0.195 0.154 0.527 1.0 11.72
Cropland 754.39 797.16 0.232 0.054 0.579 0.2 1.09
Forest 566.88 801.99 0.208 0.204 0.496 0.1 1.67
Grassland 51.60 806.31 0.228 0.064 0.558 0.2 1.23
Marshy land 27.66 803.39 0.201 0.058 0.536 1.0 4.71
Built-up 393.52 791.82 0.221 0.028 0.562 0.75 1.75
Waterbody 86.21 794.80 0.000 0.102 0.556 0.0 1.25
Shrubland 66.93 838.75 0.203 0.136 0.531 0.1 0.25
Rocky surface 0.52 594.34 0.198 0.222 0.587 0.1 1.57
Tea plantation 1.71 725.27 0.254 0.023 0.580 0.5 1.30



Vol.:(0123456789)

SN Applied Sciences (2023) 5:81 | https://doi.org/10.1007/s42452-023-05303-0 Case Studies

Fig. 8  Most sensitive soil erosion on the exposed surface near the Rani area of the lower Kulsi basin (image collected by the author from the 
field)

Fig. 9  Highly erodible bare ground on Bandaraja Hill of the lower Kulsi basin (image collected by the author from the field)

Fig. 10  Aeriel view of the highly erodible barren land on the Bandaraja Hill in the Kulsi basin. Source: Esri, Maxer, Earthstar Geographics, and 
the GIS Community
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mining, and cultivable fallow land on the hilltop area 
are mainly responsible for excess soil erosion during the 
rainy season. Besides high-intensity rainfall, soil charac-
teristics and cover management are equally important 
contributing factors to soil erosion. About 1.85% area 
of the basin was identified as a highly susceptible zone 
of soil erosion. The zone’s estimated rate of soil erosion 
was above 10 t  ha−1y−1. The area primarily comprises 
cultivable fallow land, barren land, streams, and veg-
etation cover of hilly terrain. Therefore, the area needs 
immediate attention to soil conservation measures to 
reduce soil erosion. Indeed, the study demonstrated 
that the simple, flexible, and cost-effective GIS-based 
RUSLE model could facilitate long-term estimation in 
an upland-lowland watershed. Hence, the resultant 
research can be applied to watershed management, land 
and water resource action plans, and water harvesting 
site delineation to reduce soil erosion.
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