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Abstract: Soil erosion is the major geological hazard in the fragile
landscape of Sub-Himalaya. This study examines the susceptibility of the
Bakiya River Basin (BRB) in Central Nepal to soil erosion because of its
steep topography, fragile geology, the impact of intense monsoon rainfall,
and the lack of a direct monitoring mechanism available for rainfall-runoff.
This study examines the spatial variations of soil erosion across the basin
with the integration of the Revised Universal Soil Loss Equation (RUSLE),
Remote Sensing (RS), and Geographic Information System (GIS). The
findings identified the areas vulnerable to soil erosion, which are primarily
influenced by the topography. The erosion rates in BRB vary from 0 to
729.6 t.ha-1.yr-1, with an average erosion rate of 41 t.ha-1.yr-1. Furthermore,
about 65% of the total area needs immediate conservation action, which
exceeds the threshold of 25 t.ha-1.yr-1. Model validation using the ROC
curve yielded an AUC value of 0.827 which indicates a "Good" accuracy
classification for the erosion estimates. The study's findings provide
valuable information for conservation planning. They could prove valuable
for the proposed and ongoing critical projects such as the Kathmandu Terai
Fast Track (KTFT) and Nijgadh International Airport. Erosion control in the
BRB is critical for the productivity of soil and environmental protection, as
well as for minimizing downstream impacts such as sedimentation, flooding,
and soil degradation. This study emphasizes the importance of sustainable
management approaches in preserving the basin's soil and economic
feasibility.

Keywords: RUSLE Model, Siwalik, Soil Loss, NDVI, Bakiya River, ROC-
AUC

Introduction 
When soil particles are displaced from their original

position to a location farther downstream by external
agents like water and wind, this is called soil erosion.
The erosion process helps shape and form the landscapes
over time.   This process involves the detachment and
movement of weathered material, resulting in material
removal from the surface. It subsequently delivers
sediment to the drainage system, forming zones of
erosional or depositional processes. Erosive actions are
prevalent in mountainous terrains, whereas depositional
processes occur in floodplain areas. However, it is worth
noting that both processes can coexist simultaneously in
any given environment. For instance, sediment
transported from the uplands can be deposited down the
valley, and conversely, stream channels can erode
sediment within floodplain areas (Morris & Fan, 1998).
The causes of soil erosion, such as wind or water, the

locations where it occurs (such as splash, sheet, rill,
gully, or channel erosion), or the mechanism of erosion
may all be used to categorize erosion (Morgan,
2009).  Soil erosion causes major problems both onsite
and offsite, with costly impacts. It reduces soil fertility
and depth, making land less productive and increasing
the need for fertilizer on agricultural land, while it leads
to sediment buildup in rivers, reservoirs, and irrigation
systems, increasing flood risks and damaging
infrastructures in the offsite areas (Morgan, 2009).

The Himalayas are the most prominent orogenic
belts, and they are a result of the continental convergence
of the Indian and Eurasian plates. There is an
interrelationship between climate, tectonics, and erosion,
which has been a significant scientific discussion over
the centuries (Duncan et al., 1998; Olen et al., 2015;
Thiede et al., 2004). The highest mountain range in the
world is swiftly and actively uplifting and eroding. The
Indian Seasonal Monsoon (ISM), between June and
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September, delivers large amounts of rainfall to the
Himalayas (about 80% of annual precipitation), mainly
on the southern front due to the topographic barriers
(Andermann et al., 2012; Bohlinger & Sorteberg, 2018;
Shrestha, 2000). ISM drives high discharge events and
sediment fluxes towards the Indo-Gangetic foreland
basin (also called the active Himalayan foreland basin)
(Andermann, et al., 2012). The Sub Himalaya or Siwalik
range is a geologically young mountain range. It
represents one of the largest accumulations of foreland
sediments in the world, consisting of fluvial deposits
from Neogene to Quaternary (Kizaki, 1994; Tokuoka,
1992; Upreti, 1999). These rocks are very fragile, easily
weathered, and disintegrate quickly (Dhital, 2015). In
general, the Siwalik region is prone to intense erosion
because of its steep terrain, less indurated rocks and
minimal soil cover (Galay, 1987; Shrestha et al., 2008).
Due to high geomorphology, the sediments mobilize
under the influence of surface runoff. Furthermore, these
landforms are affected by landslides, debris flows, and
rill erosion, which consequently make lowlands,
especially Terai plains, more prone to floods, inundation,
and sediment deposition (Bhandari & Dhakal, 2019;
Dahal et al., 2010; Devkota & Bhattarai, 2011; Tamrakar,
1999; Tamrakar & Yokota, 2008). The interest in
mapping spatial variations of soil erosion is growing
with the increase of observational data (Cook, 1937).
This led to the development of a quantitative soil erosion
model based on climate, soil, vegetation, and topography.
For more than half a century, a range of erosion models
including qualitative, semi-quantitative and quantitative
types have been introduced worldwide to quantify soil
erosion processes at various scales in space and time
(Batista et al., 2019; Nearing, 2013; Terranova et al.,
2009). The complexity of the models, the range of
processes they operate, and the type of datasets necessary
for both model calibration and application differentiate
all the developed erosion models. The most widely
accepted model is the Universal Soil Loss Equation
(USLE) (Wischmeier, 1965) and its updated version, the
Revised Universal Soil Loss Equation (RUSLE) (Renard
et al., 1991). It is an empirical model that can be
combined with Remote Sensing (RS) and geographic
information systems (GIS), offers an affordable and
efficient method to predict and map soil erosion
variations. (Gitas et al., 2009; Lu et al., 2004; Millward
& Mersey, 1999). RUSLE estimates soil loss in
watersheds where parameters such as hydroclimatic
conditions, sediment yields, and other basin
characteristics are ungauged (Angima et al., 2003) as
well as generates spatial variations of soil erosion (Yue-
Qing et al., 2008). Due to its convenient application,
RUSLE has been used by researchers to study erosion
hazards in several watersheds of Nepal (Ban et al., 2016;
Chalise et al., 2018; Ghimire et al., 2013; Koirala et al.,
2019; Uddin et al., 2016).

In this context, the present study attempts to identify
and analyze the spatial patterns of soil erosion in the
Bakiya River Basin (BRB), Central Nepal, where no
rainfall-runoff gauges have been installed by the
Department of Hydrology and Meteorology, while also
examining the key factors responsible for the high rate of
erosion. Bakiya River Basin (BRB), originating from the
Mahabharat range in the north, is concerned about
developmental activities of national interest. The
ongoing construction of the Kathmandu Terai Fast Track
(KTFT), which is supposed to connect eastern and
western Nepal to Kathmandu swiftly, traverses the N-S
direction of this basin. Similarly, the Madan Bhandari
Lok Marga, Kanti Raj Path highway also traverses this
basin; a few km south of its southern vicinity of Nijgadh,
the Mahendra highway traverses in an EW direction. The
proposed site for the Nijgadh International Airport is
situated just a short distance south of the BRB. The
geology of the Bakiya River Basin and its associated
topography, including steep topography and land use,
monsoon precipitation, and seismicity, are the factors
determining erosion susceptibility in this area, which in
turn implies the flash flood, bank erosion, river shift,
course change, and inundation events in the lowland
(Ghimire & Timalsina, 2020). The landslides and flood
hazard assessment in the Bakiya River Basin (Ghimire &
Timalsina, 2020; Pokhrel et al., 2013) have raised a
serious question about the loss of sediments from the
basin.

Furthermore, the President Chure Terai Madhesh
Conservation Development Board’s master plan
(PCTMCDB, 2017) classified the BRB among the most
erosion-prone in the Siwalik. Therefore, this study aims
to (1) assess the distribution of soil erosion across BRB
through the application of RUSLE Model, GIS and
remote sensing methods, (2) identify primary drivers
controlling soil erosion in the area, and (3) provide
recommendations for effective conservation and land use
plannings. The findings will be valuable for
policymakers and stakeholders involved in infrastructure
development and environmental conservation.

Study Area 

Most of the study area falls in the Makawanpur
district of Bagmati province, and its small portion is
under the Bara district of Madesh province, Central
Nepal (Figure 1). The basin spans approximately 322.19
square kilometers and has a 104 km circumference. The
study area is geographically situated between
approximately 85°5'0" E to 85°20'0" E longitude and
27°13'37" N to 27°28'37" N latitude. From a bird's-eye
view, the study area is 58 Km SW of Kathmandu,
Nepal's capital city.

The study area comprises varying topography, with
the central and southern belts having comparatively flat
landscapes and the northern belt having steep terrain.
The vast Indo-Gangetic Plain, located at the mountains'



Sujan Bista et al. / Current Research in Geoscience 2025, Volume 14: 1.18
DOI: 10.3844/ajgsp.2025.1.18

3

foothills, defines the southern belt. Elevations within the
area range from 170 meters in the Nijgadh vicinity to
over 2000 meters in the northern Tikachuli hill.

Bakiya River is a tributary of the Bagmati River, with
its confluence two Km west of Adouri, Bihar. Simat
Khola, Lohajor Khola, Majhi Khola, Juina Khahre,
Harda Khola, and Hiramani Khahare are some of the
significant affluent streams of the Bakiya River. The
drainage pattern of the southern belt of the watershed
shows a trellis drainage pattern, and that of the northern
exhibits a dendritic drainage pattern. From a broader
perspective, the watershed shows a dendritic pattern.
Based on Strahler (Strahler, 1952), the Bakiya River is of
seventh order.

The region falls under subtropical monsoon climatic
zone and records an average yearly precipitation of 2153
mm. An analysis of monthly rainfall patterns reveals the
distinctive trend in the study area. June, July, August, and
September experienced a notable high rainfall
accumulation. These months collectively help determine
the local climate and hydrology. On the other hand, the
remaining months of the year experience relatively less
precipitation. The area shows significant seasonal
variation, shifting from wet to dry within a year. Lower
rainfall months significantly impact ecosystem
dynamics, agricultural practices, and the management of
water resources, all of which shape the total amount of
water available.

Fig. 1: Location and accessibility map of the study area

Geology of the BRB

The Bakiya River originates in the Mahabharat
Range. It flows through a sequence of geological units,
including the Lesser Himalaya, Pre-Siwalik, and Siwalik
Groups, before reaching the alluvial plains of the Indo-
Gangetic Foreland. The large portion of Bakiya River
flows through the Siwalik Group, which features
sedimentary rocks of fluvial origin from the Middle
Miocene to Lower Pleistocene. The Main Frontal Thrust
(MFT) marks the boundary between the Siwalik Group
and the Quaternary deposits of the Indo-Gangetic Plain,

characterized by alluvium boulders, gravel, sand, silt,
and clay. To the north, the Main Boundary Thrust (MBT)
separates the Siwalik Group from the Precambrian meta-
sedimentary and metamorphic rocks of the Lesser
Himalayan Sequence. In the central part of the area, the
Marin Khola Thrust (MKT) runs almost parallel to the
MBT, dividing the Siwalik Group into HFT-MKT and
MKT-MBT belts. The upper boundary of the MKT
further separates the Siwalik from the overlying Pre-
Siwalik Group. All the major faults and folds prevailing
in the BRB (Figure 2) are, by their nature, vulnerable to
erosion. These are the areas of instability that could
generate earthquakes of high magnitude, causing slope
instability and consequently delivering sediments to the
river channels.

The Siwalik Group is litho-stratigraphically divided
into three subgroups in ascending order: Lower Siwalik,
Middle Siwalik, and Upper Siwalik. The Lower Siwalik
is characterized by variegated mudstone, greenish-grey
siltstone, and fine- to medium-grained grey sandstone
with occasional marl beds. The Middle Siwalik is
divided into two members (Figure 2). Lower Middle
Siwalik (MS1) comprises fine- to medium-grained
sandstone interbedded with siltstone and mudstone.
Upper Middle Siwalik (MS2) is characterized by
medium- to coarse-grained sandstone, pebbly sandstone
with siltstone, mudstone, and relict sandstone. The Upper
Siwalik, confined within the HFT-MKT belt, consists of
a matrix-supported conglomerate with subordinate
sandstone and mudstone.

The Lohajor Formation of the Pre-Siwalik Group
consists of fine- to medium-grained, ripple-marked,
pink- to purple-colored sandstone intercalated with
minor shale/slate. In the Lohajor River section, bed
thickness ranges from a few tens of centimeters up to 0.4
meters. Basic intrusive rocks are also present within this
formation (DMG, 2002). The Precambrian
metasedimentary rocks characterize the study area's
northernmost part and comprise a black-colored slate
with intercalations of phyllite, quartzite, and dolomite. 

Fig. 2: Geological Map of the Bakiya River Basin (modified
after DMG, 2002)

http://192.168.1.15/data/13418/fig1.jpeg
http://192.168.1.15/data/13418/fig1.jpeg
http://192.168.1.15/data/13418/fig2.jpeg
http://192.168.1.15/data/13418/fig2.jpeg


Sujan Bista et al. / Current Research in Geoscience 2025, Volume 14: 1.18
DOI: 10.3844/ajgsp.2025.1.18

4

(1)

(2)

Materials and Methods
The study's methodological framework consists of

desk review, data acquisition, analysis and interpretation,
and documentation in order. Data sets required to
conduct this study include precipitation from different
meteorological stations, soil type, Digital Elevation
Model (DEM), land use, and crop management (Table 1).
Global Positioning System (GPS), Topographic Map,
Geological Hammer, Sieves of different sizes, and meter
tape were used to collect data in the field. The required
data types were divided into primary and secondary data
based on accessibility. The soil type, crop management,
and geological data are the primary data for the study,
whereas the rest falls under secondary data. Figure 3
illustrates the methodological framework adopted in this
study.
Table 1: Datasets with their description and their sources used in

the study

SN Data Type Description Source
1. Topographic

Map (including
Shapefile)

Topo Sheets No. 278513B,
278509B, 278510A,
278510C, 278509C,
278509D were used for
watershed delineation, data
collection of soil and
geology

Government of
Nepal, Survey
Department

2. Monthly
Rainfall

Monthly rainfall data of 5
weather stations in and
around the watershed from
the year 2001 to 2022.

Government of
Nepal, Department
of Hydrology and
Meteorology

3 Digital
Elevation
Model (DEM)

Spatial resolution of 12.5 m
was used for the calculation
of topographic factors.

ALOS PALSAR

4. Satellite
Imageries

Spatial resolution of 10m
was used for the calculation
of Normalized Vegetation
Index (NDVI)

Sentinel 2, Google
Earth Engine

5. Land Use and
Land Cover

Spatial resolution of 10m
with accuracy assessment
of 80%

Sentinel 2, ESRI
Global Database

Fig. 3: Flowchart describing methodological framework of
RUSLE parameter estimation

RUSLE Parameter Estimation 

RUSLE is the widely employed empirical method for
predicting erosion rates in a watershed over a prolonged
rill and inter-rill erosion period. It can be combined with
parameters derived from DEM and LULC, satellite
images, such as slope and aspect.   The current study
began by delineating the BRB from a Department of
Survey toposheet at a scale of 1:25,000, using ArcGIS
software, followed by an extraction of different RUSLE
parameters. The average annual erosion based on
RUSLE, expected in the field slope, is computed using
Eq. (1).

Where:  

A = computed average soil loss in metric tons per hectare
per year (t.ha-1.yr-1)

R = rainfall-runoff erosivity factor expressed in
MJ.mm.ha⁻¹.h⁻¹.yr⁻¹

K = soil erodibility factor expressed in t.h.MJ-1.mm-1

L = slope length factor

S = slope steepness factor

C = cover management factor

P = support practice factor

In Eq. (1), all the four later factors are dimensionless
quantities. All the input layers of varying spatial scales
were standardized to a consistent 20-meter spatial
resolution using resampling tool in Arc GIS. This spatial
harmonization enabled grid-based calculations and
minimized distortions caused by the differences in
resolutions.

Rainfall Erosivity Factor (R)

The R-factor reflects both the intensity of rainfall and
its capacity to generate runoff that can lead to soil
erosion (Renard et al., 1991). Estimating R factor
requires detailed pluviograph data recorded at interval of
30 minutes or less over a period of at least 20 years to
reflect rainfall variability (Renard et al., 1991;
Wischmeier, 1965). However, in many parts of the
world, including Nepal, obtaining this kind of data can
be difficult and time-consuming (Sholagberu et al., 2016;
Li & Ye, 2018). Therefore, several studies around the
globe have demonstrated a good relationship between
yearly rainfall and R-factor (Bonilla & Vidal, 2011). Due
to unavailability of rainfall intensity and erosivity
records for BRB, the study employs Modified Fourier
Index (MFI) (Arnoldus, 1977) using Eq. (2) (Arnoldus,
1977; Prasannakumar et al., 2011; Wischmeier & Smith,
1978) to calculate R-factor.

A = R × K × LS × C × P

R = ​ ​ ​

1.735 ×N
1 ∑

i=1
N ∑

m=1
12 10

1.5×log
​ ​

−0.08188( 10( P

​

i

P
​

m
2 ) )

http://192.168.1.15/data/13418/fig3.jpeg
http://192.168.1.15/data/13418/fig3.jpeg
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(3)

(4)

Where:

Pm = monthly rainfall of the month m
Pi = Annual rainfall of the year i

In evaluating erosivity in this study, the monthly
rainfall spanning the years 2001 to 2022 was acquired
from the Department of Hydrology and Meteorology
(DHM). Five strategically located weather stations in and

around the BRB: Hetauda NFI (0906), Makwanpurgadhi
(0919), Hariharpurgadhi Valley (0910), and Godavari
(1022) to collect data (Figure 4). There were many
missing rainfall data, so it was statistically treated in MS
Excel and filled using the Inverse Distance Method. 
Ultimately, the derived rainfall erosivity values are
interpolated onto the watershed by applying Inverse
Distance Weighted (IDW) techniques using ArcGIS.

Fig. 4: Mean annual rainfall map with locations of the rainfall stations (Left) and annual erosivity map (Right) of the BRB

Soil Erodibility Factor (K)

The K-factor assesses soil erosion vulnerability,
sediment transportability, and runoff under standard
conditions. K-values are commonly derived from field
measurements on runoff plots or indirectly using a
standard monograph and empirical relations based on
variables such as proportions of soil particles and organic
matter, the diameter of the particle size, soil structure,
and permeability (Bouyoucos, 1962; Denardin, 1990;
Renard et al., 1991; Wischmeier & Smith, 1978). The
classification of soil types within the study area was
conducted following the USDA textural classification
system and the soil map of BRB was prepared through
the fieldwork. The soil samples of about 54 localities
were subjected to grain size analysis to classify the soil
using the USDA textural soil classification system based
on the proportion of sand, silt, and clay (Figure 5).
Finally, a K-factor value is assigned to each soil type
based on established value based on organic matter
content (Schwab et al., 1981). The National Soil
Research Centre’s soil database provided information on
the average organic matter in the BRB. The US
customary unit is converted into SI units (t.h.MJ-1.mm-1)
using multiplier of 0.1317.

Topographic Factor (LS)

In the RUSLE framework, the L and S factors are
used to reflect how terrain influences erosion processes.
As described by Wischmeier and Smith (1978), “L is
defined as the horizontal distance extending from the
onset of overland flow to the juncture where the slope
gradient diminishes to the extent where sediment
deposition occurs, or where runoff becomes
channelized.” Broadly speaking, erosion exacerbates as
L increases due to increased downhill runoff
accumulation. Similar to this, erosion increases when S
increases due to an increase in velocity. Eq. (3) from
RUSLE (McCool et al., 1989; Renard et al., 1991) are
used to determine L for the entire basin.

Where:

λ = horizontal slope length (in m) 

m = slope length exponent which depends on proportion
of rill erosion to interrill erosion and calculated using Eq.
(4). 

L = ​( 22.13
λ )

m

m =
​

1+F
F

http://192.168.1.15/data/13418/fig4.jpeg
http://192.168.1.15/data/13418/fig4.jpeg
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(5)

(6)

(7)

(8)

F is determined for the soil that are moderately prone
to both rill and interrill erosion using the Eq. (5).

Where:  

θ = the slope angle in degree. 

The steepness factor (S) is calculated as the relative
soil loss from a given slope to that from a 9% incline
under similar conditions. The S Factor is calculated using
Eq. (6) (McCool et al., 1989; Renard et al., 1991).

Where: 

θ = the slope angle in degree (1° = 0.0175c in Arc GIS); 

s = the slope gradient in percentage. 

The L and S factors are derived from the Digital
Elevation Model (DEM) (Hickey et al., 1994; Van
Remortel et al., 2001) applying Eq. (3) and (6). Finally,
LS factor is obtained after the multiplication of both the
factors.

Cover Management Factor (C) 

The C-factor measures the impact of land use and
management practices on the soil’s resistance to erosive
forces of rain and runoff. The C-factor lies in between 0
and 1, where 0 represents completely impermeable
surfaces such as pavement, and 1 signifies bare, tilled,
and unprotected soil. Since Nepal doesn't have standard
C factor values based on land uses, and measuring it
across large areas isn't viable, an empirical approach was
applied in this study. C- factor has been effectively
correlated with Normalized Difference Vegetation Index
(NDVI) in various scientific analyses (De Jong, 1994;
Gutman & Ignatov, 1998; Van der Knijff et al., 1999). To
compute the C-factor, the empirical relation put forward
by (Colman et al., 2018; Durigon et al., 2014) for the
sub-tropical region characterized by intense rainfall, was
used as in Eq. (7).

Where, NDVI was derived using the standard
formula (Tucker, 1979) as in Eq. (8).

For Sentinel-2 imagery, this corresponds to:

All the cloud-free Sentinel-2 images from 2022 were
processed through Google Earth Engine (GEE) to ensure
high accuracy and eliminate cloud contamination. The
median composite NDVI was computed using multiple
images over the year because the median is less sensitive
to outliers and cloud-related disturbances in the data.

Support Practice Factor (P) 

The P-factor quantifies the soil erosion rate in various
agricultural landscapes. Terracing, cropping, and
contouring are a few examples of support practices that
might help control erosion. The P-value ranges of 0 to 1,
where 0 signifies a high degree erosion resistance due to
human efforts. In Nepal, farming on hilly terrain
involves building terraces that mimic contour farming,
serving as a form of conservation agriculture. Therefore,
contour farming was opted as an agricultural support
practice in the study region, following the approach
outlined in Shin (1999).

Validation

Since there is no sediment-discharge system installed
in the BRB to monitor real-time soil loss, the model's
evaluation and effectiveness were conducted using the
Receiver Operating Characteristic (ROC) curve. It can
measure the model performance quantitatively through
the Area Under Curve (AUC). The ROC evaluates
performance of the model by plotting its true positive
rate against its false positive rate.   A positive rate or
sensitivity is the rate of correctly identifying soil erosion
location. A false positive rate, or 1-specificity, is the
proportion of low erosion locations which are incorrectly
identified as erosion location. The required validation
points were obtained from the detailed survey on erosion
carried out in the BRB at the pre-selected points derived
from satellite images and Google Earth. Furthermore,
new erosion hotspots were also identified during
fieldwork. All the obtained erosion validation points
were collected from varying land use, soil types, and
topography to reduce the bias in the validation of erosion
severity. Finally, the curve was generated using ArcSDM
Tool under the toolbox of ArcGIS with the input
parameter of validation points and the RUSLE Model.
Model’s result were classified using rankings in Table 2
(Hosmer Jr, 2013; Lee, 2005).
Table 2: Accuracy Classification on the basis of AUC value

Interval

AUC Value Accuracy
0.90 – 1.00 Excellent
0.80 - 0.90 Good
0.70 - 0.80 Fair
0.60 - 0.70 Poor
0.50 - 0.60 Fail

Results

Rainfall Erosivity Factor (R)

Distinctive rainfall trends have been observed in
BRB. Rainfall is highest from June to September, while
remaining months of the year experiences much less
rainfall. The southern section of BRB records 1739 mm
of rainfall annually, while the northwest section receives
2361 mm (Figure 4). In the BRB, the average yearly

F = ​

0.0896 3.0×sinθ +0.56[ 0.8 ]
sinθ

S = 10.8 × sinθ + 0.03, s ≤ 9%

S = 16.8 × sinθ − 0.50, s > 9%

C = 0.1 × ​

2
−NDV I+1

NDV I = ​

NIR+Red
NIR−Red

NDV I =
​

Band8+Band4
Band8−Band4
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precipitation is 2153 mm. The Rainfall Erosivity Map
shows variations in erosivity values across the BRB,
which provides information into the intensity of erosive
forces in different regions. The rainfall erosivity value in
the basin varies from 8657 to 12270
MJ.mm.ha⁻¹.h⁻¹.yr⁻¹. with an average erodent value of
10500 MJ.mm.ha⁻¹.h⁻¹.yr⁻¹. In the northern part of the
BRB, Makwanpurgadhi records the highest erosivity
value at 12,270 MJ.mm.ha⁻¹.h⁻¹.yr⁻¹.

On the other hand, the erosivity value in the Nijgadh
region ranges from 8657 to 10100 MJ.mm.ha⁻¹.h⁻¹.yr⁻¹,
the lower range in the basin. Shripur, Hattisude, and
Thali villages and the northeastern part of the BRB
demonstrate slightly higher erosivity values, ranging
from 10,110 to 11,500 MJ.mm.ha⁻¹.h⁻¹.yr⁻¹. This
indicates that the BRBs have an increasing trend of
erosivity from southeast to northwest (Figure 4).

Soil Erodibility Factor (K)

BRB is characterized by all three types of soil based
on genesis: residual, colluvial, and alluvial. The majority
of the Siwalik zone consists of residual soil. Due to its
fragile lithology, it is prone to weathering in the presence
of rainfall. Alluvial soils are widely found in the central
and southern flat lands of the BRB. Similarly, colluvial
soils are identified at the basin's upper reaches, typically
having steeper slopes.

Based on the USDA textural classification system, a
soil map of the BRB is made after the investigation of
the proportions of sand, silt, and clay. The BRB
comprises three soil types: sandy loam, sand, and loamy
sand. A major portion of the BRB is distributed by sand
with parent material of sandstone, greywacke, and
arkose. The villages, such as Shripur and Hattisude in the
central belt, comprise loamy sand of fluvial origin.
Similarly, the northernmost part of the BRB has loamy

sand derived from the meta-sedimentary rock, such as
quartzite and phyllite of the Lesser Himalaya. Following
the National Soil Science Research Center Meta database
on soil, the composition of the organic content varies
from 2 to 3%. The mean spatial distribution of the
organic matter content is equal to 2.

The erodibility value of the soil in the BRB is 0.0158
t·h·MJ-1·mm-1 (Loamy Sand), 0.0211 t·h·MJ-1·mm-1

(Sand), and 0.0355 t·h·MJ-1·mm-1 (Sandy Loam).

Topographic Factor (LS)

Increased L-factor causes surface runoff to gradually
accumulate in a downward direction, increasing soil
erosion in that area. The increase in S value also
encourages surface runoff velocity and soil erosion.
These two factors determine the role of topography on
erosion. With the aid of ALOS PALSAR DEM with a
spatial resolution of 12.5m, F, and m values, the L-Factor
has been determined using flow accumulation from the
spatial analysis tool in ArcGIS. The f-value is essential in
demarcating the depositional and erosional area. The f-
value of BRB ranges from 0 to 3.1. The major
depositional area falls within the flood plains and the
river channels of the Bakiya River. The BRB shows m-
values between 0 and 0.75, with a mean of 0.61.

The L-factor was determined on the basis of slope
map generated from the DEM. Slopes within the BRB
range from 0° to 76°which are classified into six classes
(Figure 6). A very gentle slope (0°-5°) lies in the central
belt, specially formed by the Bakiya River. The gentle
slope (5°-10°) to moderate (10°-15°) falls on the
periphery of the Major River and tributaries. The steep
(15°-30°) to very steep slopes (>30°) are found in the
hills of the northern and southern belts, which represent
57% of BRB. With this relation, a slope steepness map is
prepared.

Fig. 6: Slope Map (Left) and LS-Factor Map (Right) of BRB

http://192.168.1.15/data/13418/fig6.jpeg
http://192.168.1.15/data/13418/fig6.jpeg
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The range of the LS-factor within BRB is 0 to 45.
The steeper slopes in the northern and southern hills of
the basin show the highest LS factor, while the lower
values fall within the valley of the mainstream and its
major tributaries.

The mean LS-factor is 11.88, which indicates that the
spatial distribution of the maximum value is limited.
Results signify that the steeper slopes in the northern
boundary and in the southern belt play an influential role
in the higher potential for soil loss. In contrast, regions
within the valley and terraces of the river, with flat to
gentle slopes and extended slope lengths, have a low
potential for soil erosion.

Conservation Management Factor (C)

Vegetative cover, tillage practices, crop rotation, and
mulching influence  C-factor. NDVI values are
standardized between -1 and +1, reflecting the degree of
vegetation cover and health. The major river channels,
water bodies, barren land, and ridges show less NDVI

values, whereas the forest with abundant vegetation has
higher NDVI (0.6 to 0.9). In the BRB, NDVI of the
range -0.2 to 0 represent water bodies (Figure 7). The
NDVI value ranges from 0.1 to 0.3, indicating rocks,
sand, and barren land. Similarly, the value of 0.4 to 0.5
represents settlement with cultivation. Sparse vegetation
and agricultural land are represented by 0.6 to 0.7 values.
A value exceeding 0.7 represents a dense forest with
vegetation in good health. Since the NDVI value is
obtained from the time series of the whole year of 2022,
it is possible to demarcate the NDVI value of the KTFT
project, which is in the range of 0.1 to 0.4. 

From the NDVI, the C-factor of BRB was obtained,
and an inverse relation was illustrated (Figure 7). C-
factor declines with increasing NDVI. The C-factor
value varies from 0 to 0.05 (Figure 7). The barren land
and water bodies show C-factor of 0.027 to 0.05. In
contrast, the dense forest with healthy vegetation shows
the range of 0 to 0.014 and reflects good cover to resist
erosion from rainfall and helps reduce runoff and
overland flow.

Fig. 7: NDVI (Left) and C-Factor (Right) Map of the BRB

Support Practice Factor (P)

The land cover type obtained from Sentinel-2’s land
cover produced by Microsoft, Esri, and Impact
Observatory was used to determine the P-factor based on
literature review. About 70.6% of the land in BRB is
forested, whereas only 8% of the total area is used for
agriculture, mostly for the cultivation of paddy fields and
grain fields. The cultivation type in the study area is
contouring type. No conservation practices based on
LULC type have been observed during the field
investigation. Hence, the P-factor is set to 1 for all the
land cover types other than the agricultural land. In
accordance with the cultivation method and slope, the
value of the support practice element for agricultural

land was assigned (Shin, 1999). The majority of the
agricultural land shows a P-factor value of 0.55. (Figure
8).

Annual Soil Loss

The multiplication of aforementioned factors resulted
in an annual soil erosion map of the BRB (Figure 9). The
resulting map shows the soil loss annual range across the
BRB from 0 to 729.65 t.ha-1.yr-1 with the average
estimated at 41.82 t.ha-1.yr-1. Erosion intensity have
been categorized into seven categories (Morgan et al.,
2005): Very Slight (<2 t.ha-1.yr-1), Slight (2-5 t.ha-1.yr-
1), Moderate (5-10 t.ha-1.yr-1), High (10-50 t.ha-1.yr-1),
Severe (50-100 t.ha-1.yr-1), Very severe (100-500 t.ha-
1.yr-1), and catastrophic (>500 t.ha-1.yr-1) (Table 3).

http://192.168.1.15/data/13418/fig7.jpeg
http://192.168.1.15/data/13418/fig7.jpeg
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Fig. 8: LULC (Left) and P-Factor Map (Right) of the BRB

Table 3: Soil Erosion distribution in the BRB

Code Class Erosion Rate (t. ha-1. yr-1) Area
Hectare Percentage

1 Very Slight <2 1538 5
2 Slight 2-5 1542 5
3 Moderate 5-10 1823 6
4 High 10-50 16766 53
5 Severe 50-100 8246 26
6 Very Severe 100-500 1928 6
7 Catastrophic >500 2.4 0.007

The area with very slight erosion is limited,
occupying only 5% of the total area (1538 hectares).
Areas characterized by low-lying, flat terrains within the
river valleys, such as those localities such as Shripur and
Hattisude, along the Bakiya River and its major
tributaries, exhibit minimal to very slight erosion. The
southernmost part of the BRB, encompassing the Indo-
genetic plain, experiences either negligible or no erosion
at all. A similar proportion of the watershed (5%, or 1542
hectares) experiences slight erosion. Moderate erosion
covers 6% of the watershed, with 1823 hectares falling
under this category. Moderate types of erosion are
observed on either side of the hill slope of rivers that
flow across the wide alluvium plain at the central belt
and northeastern belt.

The high erosion class constitutes most of the
watershed area (53%, or 16766 hectares), signifying a
portion of land vulnerable to erosion. Severe erosion
accounts for 26% (8246 hectares) of the area, which is a
significant soil degradation and requires urgent attention
through conservation practices or land restoration efforts

to avoid further erosion and long-term loss of land
productivity. The very severe erosion class occupies
only 6% (1928 hectares) of the watershed but indicates
areas with extreme vulnerability. The E-W trending
Churia hills of the southern belt and dissected hills at the
upper reaches of the Simat River, are prominent in severe
to very severe erosion. This causes extended soil loss
that deeply affects soil fertility and, if untreated long-
term, might lead to land degradation. Therefore, urgent
interventions such as conservation practices or land
restoration are needed to mitigate further erosion and
prevent long-term land productivity loss.

Finally, catastrophic erosion affects a small part of
the area (0.007% or 2.4 ha). Although the affected area is
minimal, the erosion rate is alarming. Steep slopes, along
with widespread grassland and rangeland use, make this
location highly vulnerable to severe soil loss. Such a
location is more prone to slope instability and debris
flows and has a high carrying capacity of soil by surface
runoff because of the high slope reaching up to 76°.

http://192.168.1.15/data/13418/fig8.jpeg
http://192.168.1.15/data/13418/fig8.jpeg


Sujan Bista et al. / Current Research in Geoscience 2025, Volume 14: 1.18
DOI: 10.3844/ajgsp.2025.1.18

10

Fig. 9: Annual Soil Erosion Map of the BRB

Soil Loss on the Basis of Slope

Soil loss in BRB has been analyzed based on slope
categories and erosion severity classes, which reflect a
good correlation (Table 4). Very gentle slopes (0-5°)
averaging erosion of 3.7 t.ha-1.yr-1 show low erosion
severity classes. Their minimal slope gradient makes
these areas relatively stable against erosion. The gentle
slope shows moderate erosion with a mean of 15.11 t.ha-
1.yr-1. Erosion rate starts to rise in areas with moderate
slopes, which have an average soil loss of 27.56
t·ha⁻¹·yr⁻¹.

Steep slopes are the primary cause of severe and very
severe erosion. Soil loss in these areas amounts to 50.69
t·ha⁻¹·yr⁻¹ on average. The steep gradient increases
runoff abruptly and soil detachment, making areas more
susceptible to erosion. Extreme soil (very severe to
catastrophic) loss occurs on very steep slopes (>30°) in
BRB. These areas are extremely fragile and require quick
conservation actions to avoid further degradation.

Soil Erosion on the Basis of Land Use Scenarios

Land use and land cover play crucial role in the
erosional process. Some land use, such as vegetation
cover and grassland, acts as a shield against soil, whereas
land use such as bare land accelerates erosion of the
particular land. This study estimated the soil erosion
scenarios on the basis of land use and land cover beside
water bodies, which contribute less to the erosional
process; they contribute to the transportation process.
Table 5 presents a statistical summary of soil loss rates
across different LULC categories.

Forested areas show a wide range, with the lowest
soil loss recorded at 0.047 t. ha-1yr-1 and the highest at
729.65 t.ha-1yr-1, with a mean of 43.029 t. ha-1yr-1.
Agricultural land has a range from no measurable soil
loss (0 t.ha-1yr-1) to a maximum of 239 ton/ha/yr, with
an average of 14.73 t.ha-1yr-1. The range of 0.042 to
327.038 t.ha-1yr-1 is seen in built-up areas where major
localities are nestled, with 19.34 t.ha-1yr-1 on average.
Bare ground areas, characterized by a lack of vegetation
cover, range from 0 t.ha-1yr-1 to 263.64 t.ha-1yr-1, with
an average of 12.55 t.ha-1yr-1. Bare ground can have a
direct influence on rainfall and lead to erosion.
Grasslands and rangelands vary from 0 t.ha-1yr-1 to
682.32 t.ha-1yr-1, with the highest average soil loss of
69.317 t.ha-1yr-1. This land use system is primarily found
on the steeper slopes of BRB and has less vegetation.

Table 4: Soil Erosion based on the slope in the BRB

Class Slope (°) Area under each erosional class (Hectare) Total Area Erosion Rates (t. ha-1. yr-1)
1 2 3 4 5 6 7 Hectare % Min Max Mean

Very Gentle 0-5 1496 1310 750 299 6 0.89 - 3861.89 12 0 242 3.7
Gentle 5-10 41 228 993 3115 45 4 - 4426 13 0 365 15.11
Moderate 10-15 6 16 60 4699 353 10 0.01 5144.01 16 0 551 27.56
Steep 15-30 2 3 10 8331 4954 652 0.01 13952.01 44 0 533 50.69
Very Steep >30 0.14 0.07 0.07 291 2895 1266 2 4454.28 14 0 729.6 94.54

Table 5: Soil Erosion Based on LULC

LULC Area under each erosion Class represented by code (hectare) Total Area Erosion Rate (tha-1yr-1)
1 2 3 4 5 6 7 Minimum Maximum Mean

Forests 447 692 1133 14918 7318 1332 0.42 25840.42 0.047 239 43
Agricultural Land 781 681 404 874 220 24 - 2984 0 730 16
Bare Ground 57 11 22 27 6 3 - 126 0 596 14
Grassland/
Rangeland

165 104 187 826 667 543 2 2494 0.042 256 66.08

Built Area 33 45 60 91 19 8 - 256 0 264 18

http://192.168.1.15/data/13418/fig9.jpeg
http://192.168.1.15/data/13418/fig9.jpeg
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Model Performance and Validation

The erosion hotspots were identified in the field
appraisal based on features and imprints such as exposed
tree roots, crusting of the soil surface, vegetation cover
type, development of splash pedestals, and the
dimensions of rills and gullies. A total of 80 validation
points (Figure 10) were identified to assess the model's
performance using the ROC-AUC curve. The accuracy

was achieved by comparing validation points with the
simulated erosion raster map. From the ROC-AUC plot
(Figure 11), the AUC value for the soil erosion model is
0.827, which can be converted into a percent success
accuracy rate of 82.7%. Thus, the obtained AUC value
falls under the “Good” accuracy class. Hence, Validation
result quantitatively indicates that the RUSLE-based soil
erosion estimation for the BRB offers satisfactory result.

Fig. 10: Erosion hotspot area (A) high erosion with connected and continuous network of rills every 5-10 meters, (b) Severe erosion
with continuous network of rills and gullies, less tree root exposure and bare soil in Shripur Village, (c) High Erosion with
continuous rill formation with splash pedestals and soil mounds in the lateritic soil derived from the Pre-Siwalik rocks at Thali
Village, and (D) High erosion potential terrace farming with no levees to prevent surface runoff in Lendanda area

Fig. 11: ROC Plot and AUC for validation of Soil Erosion
Model from RUSLE

Discussion
This research seeks to investigate the soil erosion of

BRB, considering several causative factors that
accelerate the erosion rate. The R-factor map shows how
differences in rainfall intensity influence soil erosion
potential throughout the basin. The BRB region
demonstrates two distinct erosivity trends: i) a south to
north increase of approximately 3000
MJ.mm.ha⁻¹.h⁻¹.yr⁻¹ and ii) and east to west rise of
around 2000 MJ.mm.ha⁻¹.h⁻¹.yr⁻¹. The higher erosivity
is confined to the Makwanpurgadhi area, which lies in
the foothills of the adjacent Mahabharat range. This
variation arises from orographic uplift especially on the
south-facing Himalayan foothills where moist air collide
and cause heavy rainfall (Bookhagen & Burbank, 2010;
Shrestha et al., 2019). These hills act as a physical
barrier to such effects. In the Himalayas, the

http://192.168.1.15/data/13418/fig11.png
http://192.168.1.15/data/13418/fig11.png
http://192.168.1.15/data/13418/fig10.png
http://192.168.1.15/data/13418/fig10.png
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precipitation varies between ridge and valley within a
short spatial extent (Andermann et al., 2011; Barros et
al., 2004). BRB comprises erosivity ranges from 8657 to
12268 MJ.mm.ha⁻¹.h⁻¹.yr⁻¹, averaging 10500
MJ.mm.ha⁻¹.h⁻¹.yr⁻¹. The Global Rainfall Erosivity
Database (GLoREDA) (Panagos et al., 2022) estimated
the global annual erosivity value, which also shows that
the R-factor in BRB ranges between 8682 and 4779.08
MJ.mm.ha⁻¹.h⁻¹.yr⁻¹, with a mean value of 7149
MJ.mm.ha⁻¹.h⁻¹.yr⁻¹. This value suggests that the BRB
falls in the class with the highest erosivity globally.
Likewise, (Talchabhadel et al., 2020b) estimated the
mean annual erosivity of Nepal to be 9434.4
MJ.mm.ha⁻¹.h⁻¹.yr⁻¹ using sub-hourly rainfall data. This
study suggests that the present study area has erosivity
from 10000 to 15000 MJ.mm.ha⁻¹.h⁻¹.yr⁻¹. The R-factor
in the Girwari watershed, which has similar
physiographic and geological characteristics with BRB,
was recorded between 10,569.41 and 10,441.65
MJ.mm.ha⁻¹.h⁻¹.yr⁻¹ (Tiruwa et al., 2021).

The K-factor measures the resistant of a soil to
erosion, based on its physical and chemical composition.
BRB consists of three soil types, Sandy loam, Sand, and
Loamy Sand, following the USDA textural classification
system. The watershed is mainly dominated by Sand,
which is primarily derived from the parent rock of the
Siwalik region, namely, sandstone, silt, and mudstone.
Likewise, Loamy Sand in the central belt of BRB is
derived from the alluvial deposits of the Bakiya River.
Meta-sedimentary rock weathering leads to Sandy
Loam's formation in the northernmost section. Given the
prevalence of gravel across the entire watershed, its
presence within the soil matrix is a deterrent to soil
detachment caused by rainfall. These gravel fragments
can significantly impede water infiltration when
integrated into soil profiles characterized by coarse
textures such as sandy and loamy Sand. The soil is
protected from impact of raindrop by the presence of
gravel or rock fragments acting as a shield. These
elements are typically resistant to displacement by
rainwater in areas between rills, and they tend to stay on
the soil surface, effectively functioning as a protective
armor (Jennings & Jarrett, 1985). So, the rock fragments
(>2mm) are excluded while estimating the K-factor
(Renard et al., 1991).

The interplay between L and S influences surface
runoff accumulation and erosion. Examining the
topographic factors helps define the role contributing to
erosion. The majority of the topography in BRB
comprises steep to very steep slopes (about 57% of the
total area). This Figure accounts for high erosion
susceptibility. The LS-factor in the high hills and the
dissected valley are elevated, whereas they are low in the
flat alluvial plains in the southern and central sections.
The LS factor of the BRB progressively increases in the
Northern Belt from the central alluvial plain to the
northern tip. Meanwhile, in the southern belt, the LS-
factor gradually increases towards the Churia Hills and

decreases in the southern alluvium plain of the Indo-
Gangetic plain. 

The c-factor value determines the influence of the
natural shield on rainfall. NDVI is an important indicator
to identify the type of land use in a particular area. Nepal
has no standard C-factor value based on LULC. So,
NDVI is the most effective tool for determining the C-
factor. NDVI in BRB shows a good vegetative cover.
The C-factor between 0 and 0.05 in the BRB, which
means that the basin has an appreciable volume of
impermeable surfaces. This value suggests that the
erosion potential regarding cover management is low.
Despite majority of the area consists of forest, the
Makawanpur District including BRB region is under
high wild fire vulnerable zone (Mishra et al., 2023). This
assessment of fire in forest area during our field work in
BRB reflects the deterioration of the cover management
in that region. The P-factor determines the role of human
intervention to erosion. During the field investigation, no
control measures were taken by BRB for the
conservation of soil. Consequently, all LULC types
except agricultural land have a factor of 1. Agricultural
land only holds 8% of the total land, and its contribution
to holding soil from erosion is less in the basin. The
contour farming method in BRB has a P-factor between
0.55 to 1 as per the slope gradient. 

The synthesis of various factors culminates in
preparing an annual soil loss map of the BRB. The
annual average erosion averages 41.82 t.ha⁻¹.yr⁻¹ in the
BRB, with minimum and maximum values of 0 and
729.65 t.ha⁻¹.yr⁻¹ respectively. The severity of erosion
has been classified based on Morgan's field appraisal
classification system, categorizing the basin into seven
erosion classes. The results indicate that most areas fall
under the high erosion class. Low erosion rates,
comprising the Very Slight, Slight, and Moderate classes,
account for 16% of the basin. Conversely, High, Severe,
Very Severe, and Catastrophic erosion classes
collectively cover a substantial area (85%), raising
serious concerns regarding soil conservation.

Although the Catastrophic erosion class is confined
to small patches at elevations between 2100m and 2200
m, it poses a significant hazard, including debris flows
and sedimentation. These areas have been verified
through remote sensing analysis and field investigations,
revealing an extensive network of rills and gullies and
evidence of substantial soil mass removal. Large deposits
of sediments, including boulders, cobbles, pebbles, and
fine particles, observed downstream of the Simat River at
Dhedregaun provide strong evidence of catastrophic
erosion. In Nepal, the erosion intensity of such a class
has been reported in the northern region of Rapti River
Basin (Patel et al., 2024). Similar extreme erosion
patterns have also been reported in countries like
Pakistan and Afghanistan (Bhatti et al., 2021), India (Raj
et al., 2024), and Tianshan Mountains, China (Wei et al.,
2024).
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Rainfall intensity, topographic features, and land use
patterns influence rate of erosion varied spatially within
the BRB. Erosion rates increase from the plains and river
valleys toward adjacent ridges. A comparative analysis
across the BRB reveals higher erosion rates in the
northern section compared to southern section, primarily
of increased erosivity in the northern region. Topography
plays a crucial role in determining erosion severity. Very
gentle to gentle slopes are associated with Very Slight to
Slight erosion classes, whereas steep to very steep slopes
exhibit higher erosion rates, falling within the High,
Severe, Very Severe, and Catastrophic erosion classes.

Land use significantly influences soil erosion
dynamics across the BRB. Grasslands and rangelands in
the basin's upper reaches have greater rate of erosion,
averaging 68.08 t.ha-1.yr-1. This rapid erosion rate is due
to the areas' high rainfall, lack of vegetation coverage,
and increased slope gradient. Forested areas have an
annual average soil erosion rate of 43 t.ha-1.yr-1, which
varies based on the forest type and size. Bare terrain has
a lower erosion rate of 14 t.ha-1.yr-1due to its location
on gentle slopes. Agricultural land also demonstrates
relatively low erosion rates due to farming practices such
as terracing and contouring, with an erosion rate of 14
t.ha-1.yr-1 annually. Similarly, built-up areas exhibit a
moderate erosion rate of 18 t.ha-1.yr-1.

Several studies have been undertaken in river basins
and watersheds in the Nepal Himalayas using the
RUSLE Model and GIS. Similarly, in Andhi Khola and
Tinau Khola of Western Nepal, both identical to the
present study area in terms of physiography and geology
(Joshi et al., 2023), estimated mean erosion rates of 41.4
t.ha⁻¹.yr⁻¹ and 24.1 t.ha⁻¹.yr⁻¹, where an experimental
plot supported the output of the model. The result of
Andhi Khola is similar to the present study, whereas
there is a low erosion rate in Tinau Khola because it has
a small area, and the majority of the area lies on a gentle
slope. In the Aringale Khola area of Salyan district, part
of middle mountains and Siwalik of Western Nepal,
erosion rates is in between 0.03 and 100.3 t.ha⁻¹.yr⁻¹
(Chalise et al., 2018). Compared to the present study, the
low value is due to less erosivity value (365-435) despite
having similar soil erodibility (0.55-0.006) and geology.

Likewise, the average erosion rate in the Khajuri
watershed, Eastern Nepal was 64 t.ha⁻¹.yr⁻¹ using field
measurement (Ghimire et al., 2013). This higher value
was accounted for by measuring erosion from landslides
and stream bank erosion.  (Tiruwa et al., 2021) reported
erosion between less than 2 and 190 t.ha⁻¹.yr⁻¹ in the
Girwari River watershed in the Siwalik Hills of
Nawalparasi, where steep terrain and inadequate
conservation practices exacerbate erosion. Their study
found that hilly forest regions had a maximum soil loss
of 189.26 t.ha⁻¹.yr⁻¹.   Additionally, (Talchabhadel et al.,
2020a) concluded 8.1 t.ha⁻¹.yr⁻¹ of soil loss in the West
Rapti River Basin annually, which is expected to grow
by 10% in the future. The study found that rainfall

erosivity and slope gradient had significant effects on the
results.

It is a crucial step to perform the accuracy of the
model and its reliability to assess soil erosion in different
watersheds. The accuracy rate of estimates using the
ROC-AUC validation method is 82.7 %, classifying it as
good accuracy. The validation result of the BRB using
the ROC-AUC curve is consistent with results from West
Bengal, India (Biswas & Giri, 2023), Central Highlands,
Sri Lanka (93%), Peshawar Basin, Pakistan (81.9%)
(Sarwar et al., 2024), Bangladesh (94%) (Islam et al.,
2024), West Kameng Watershed, Eastern Himalaya
(84.9%) (Das et al., 2020). Thus, the reliability in
different region other than the present study context, has
proved RUSLE an essential tool for policy maker to
asses erosion rate in an ungauged basin of Nepal.
Furthermore, the study in Tinau Khola and Andhi Khola
of western Nepal reported that RUSLE and erosion plot
provides similar result (Joshi et al., 2023).

Soil loss tolerance (T) is the maximum amount of soil
erosion each year while maintaining long-term
sustainable crop productivity (McCormack et al., 1982).
In general, natural geological processes in undisturbed
places cause soil erosion, which is considered normal
and acceptable (El-Swaify et al., 1982; Smith & Stamey,
1965). Several aspects are considered while estimating
the T value, such as the natural rate of soil formation or
deposition through weathering, the influence of soil loss
on productivity, and how eroded sediments affect water
quality and adjacent surroundings (Mannering, 1981).
The maximum permissible T-value of 11.2 t.ha⁻¹.yr⁻¹ is
considered worldwide (Mandal et al., 2006; Wischmeier
& Smith, 1978) has estimated 2.2 to 12.5 t.ha⁻¹.yr⁻¹ in
NW Himalaya. Likewise, (Bhattacharyya et al., 2008)
estimated T values ranging between 2.5 to 12.5
t.ha⁻¹.yr⁻¹ based on different soil indicators in Shivalik-
Himalaya. However, there is no study on soil loss
tolerance of the soil in Nepal Himalaya considering all
the parameters. It is considered 25 t.ha⁻¹.yr⁻¹ of soil
erosion tolerable in mountainous regions like Nepal
Himalaya (Morgan, 2009; Shrestha, 1997). With this
threshold value of soil erosion practice in Nepal, BRB is
critical in terms of erosion, with 65% of its area (about
21076 hectares) needing immediate conservation
policies.

Conclusion
Using RUSLE model with geospatial technology, this

study quantitatively estimated and mapped erosion rates.
Primary and secondary data available in Nepal were used
to obtain required input layers. The findings align well
with other studies conducted at both national and local
levels. 

The highest erosion rates were observed in the
northern regions, particularly in the upper reaches
marked by the Mahabharat Hills and in the southern hills
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dominated by the Churia Hills. In contrast, the central
flat alluvial plains and the southern territories of the
basin showed the lowest erosion rates. Furthermore, soil
erosion affects over 65% of the BRB's total area. Erosion
rates are highest in grasslands, rangelands, and certain
forested zones, whereas urban areas, farmlands, and
barren landscapes has minimal soil erosion. 

The accuracy of the model was performed using the
ROC-AUC Curves. The model's performance is found to
have "Good accuracy." This validation provides the
reliability of the estimated outcomes of erosion and
proves suitability of RUSLE model in similar ungauged
basins.

The assessment of erosion in BRB is supported by
primary and secondary, secondary data, which provides a
useful resource for tackling land degradation at federal,
provincial, and local levels in Nepal. This study provides
important information for policymakers and stakeholders
to effectively address soil erosion and land management
challenges.

Recommendations

In order to make RUSLE and GIS technology
effective in conducting soil erosion hazard assessment in
Nepal Himalaya, empirical relations and methodology
for all the required factors need to be established for a
better understanding of soil loss in different river basins.
The soil loss tolerance limit should be assigned per the
soil erosion scenario in Nepal using all the parameters of
the soil available in Nepal. Based on the findings of this
study from the RUSLE Model, the following
conservation strategies are recommended to mitigate soil
erosion in BRB.

Agronomical Measures: A contour Farming system
should be practiced in cultivated lands on moderate to
steep slopes to minimize soil erosion and promote soil
stability. The agroforestry system should be implemented
by introducing tree species such as Dalbergia sisso and
Acacia catechu with the crop planta. It helps in
improving soil retention and reduces surface runoff. In
the rangeland and exposed cultivated lands, cover
cropping and mulching techniques can be effective
measures to protect soil from rainfall and increase
moisture retention. Similarly, crop rotation and
intercropping with legumes such as peas and beans also
help in improving soil structure and organic matter
content.

Mechanical Measures: Terracing and contour bunding
should be implemented in the high erosion zones, such as
the Mahabharat and Churia ranges. This will help reduce
runoff and soil detachment in agricultural land. In the
high erosion zones, check dams and gully plugs should
be constructed for sediment traps and to stop surface
runoff. Gabion walls and rock barriers along river banks

and hill slopes should be installed to reduce the impact of
bank erosion and slope instability. Retention basins and
silt traps near the foothills should be used to minimize
the transportation of sediments further downstream.
Additionally, bioengineering techniques such as vetiver
grass and bamboo plantations should be applied to
reduce erosion and stabilize soil in hilly terrane.

Constructing riparian buffer zones and reinforcing
embankments using natural and engineered materials
will help protect river banks and control floods. This
helps reduce erosion during peak monsoon flows in
rivers.

Rainwater harvesting structures such as farm ponds
and retention basins, spring water storage tanks in upper
reaches of the BRB, check dams, and percolation ponds
can help reduce soil erosion due to slow runoff.

Conservation policies should be enforced to regulate
deforestation, wildfire, unplanned road networks, and
encroachment of soil erosion zones. Local communities,
farmers, and landowners should be encouraged, trained,
and taught on sustainable land management.

Regular monitoring of soil erosion using remote
sensing techniques and field surveys, along with the real-
time rainfall runoff and sediment load in the river, need
to be installed and monitored. Soil erosion modeling
such as RUSLE needs to be updated continuously with
field data to improve the accuracy of the assessment of
erosion in the basin.
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