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Abstract
Soil is one of themost important natural resources; therefore, there is an urgent need to estimate soil erosion. The subtropical monsoon-
dominated region also faces a comparatively greater problem due to heavy rainfall with high intensity in a very short time and the
presence of longer dry seasons and shorter wet seasons. The Arkosa watershed faces the problem of extreme land degradation in the
form of soil erosion; therefore, the rate of soil erosion needs to be estimated according to appropriate models. GCM (general circulation
model) data such as MIROC5 (Model for Interdisciplinary Climate Research) of CMIP5 (Coupled Model Intercomparison Project
Phase 5) have been used to project future storm rainfall and soil erosion rates following the revised universal soil loss equation
(RUSLE) in various influential time frames. Apart from that, different satellite data and relevant primary field-based data for future
prediction were considered. The average annual soil erosion of Arkosa watershed ranges from < 1 to > 6 t/ha/year. The very high (> 6
t/ha/year) and high (5–6 t/ha/year) soil loss areas are found in the southern, south-eastern, and eastern part of the watershed. Apart from
this, low (1–2 t/ha/year) and very low (< 1 t/ha/year) soil loss areas are associated with the western, northern, southern, and major
portion of the watershed. Extreme precipitation rates with high kinetic energy due to climate change are favorable to soil erosion

susceptibility. The results of this research will help to implement
management strategies to minimize soil erosion by keeping au-
thorities and researchers at risk for future erosion and
vulnerability.
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Introduction

Soil erosion caused by water action has become one of the most
serious issues in the world (Oldeman et al. 1990; Lal 2017). It can
remove topsoil or fertile soil from the surface of the earth, and, at
the same time, it may reduce the fertility of the soil, which may
lead to soil degradation (Stoorvogel et al. 2017; Keesstra et al.
2018). This decline in fertility is economically and ecologically
harmful to the entire region. As population pressure is rapidly
increasing, deforestation, overgrazing, intensive subsistence agri-
culture, etc. may become the main causes of soil erosion and
degradation (Blaikie 2016; Chakrabortty et al. 2020).

Soil erosion caused by the action of water is a complex
occurrence that can be calculated by a number of factors, such
as rainfall, soil texture, slope, land use/land cover, and support
practice (Panagos et al. 2012). Specifically, various erosion
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causal factors and conservation measures determine the direc-
tion and amount of water erosion in the area (Thomas et al.
2018). Soil erosion is one of the acute problems of the tropical
and subtropical environments, and the amount of erosion is
driven by different environmental components (Wischmeier
and Smith 1958; Renard et al., 1997; Pal and Chakrabortty
2019a). The amount of soil erosion is a barrier to agricultural
productivity as well as proper land and water management
(Roy et al. 2020a). In India, half of the land is associated with
a high soil erosion zone compared with the tolerance limit
(Kumar 2019; Pal and Chakrabortty 2019b).

Human intervention in the natural environment, such as ex-
pansion of agricultural activities, deforestation, and conversion
of land use practices, may increase the rate of soil erosion (Pal
and Shit 2017). The rate of soil erosion can reduce agricultural
productivity and increase the rate of sedimentation
(Gebrernichael et al. 2005; Wang et al. 2012). Increased sedi-
mentation rates are a major challenge in the subtropical region
(Pal and Chakrabortty 2019b; Saha et al. 2020). It reduces the
life span of the reservoir, which is considered a major economic
problem for third world countries such as India (Carley and
Christie 2017). In this region, there is a large dependence on
agricultural productivity, which is increasing in quantity every
day to meet the needs of the growing population. The conver-
sion of vegetative land into agricultural land plays a key role in
the susceptibility of soil erosion in this region. There is a clear
cut effect of soil erosion and associated sedimentation between
the carbon of the atmosphere and the soil (Lal 2005). Numerous
models in different disciplines have been considered in different
regional scales to predict soil erosion and associated sedimen-
tationwhen considering the availability of the necessary records
to calibrate themodels (Lal 2001; Zeng et al. 2017; Toubal et al.
2018; Arabameri et al. 2020).

Various types of empirical models are available for estimat-
ing soil erosion and are usable in a different environment with
little modification (Lane et al. 1997). Both the revised univer-
sal soil loss equation (RUSLE) and USLE are applicable to the
estimation of the average erosion rate in the geographic infor-
mation system (GIS) environment and are capable of deter-
mining the spatial difference in soil loss (Prasannakumar et al.
2012; Bera 2017; Senanayake et al. 2020). RUSLE is one of
the reliable techniques that can be applied in tropical and
subtropical areas and even in forest-dominated watersheds
(Biswas and Pani 2015). Apart from these different empirical
and semi-empirical methods, multi-criteria analysis is an im-
portant method that can be used by considering the impor-
tance of different themes and their related sub-themes (Pal
2016; Hembram and Saha 2020). Local knowledge of the
stakeholder is essential in terms of soil loss and related
problems. For this purpose, Shit et al. (2015) investigated
farmers’ perceptions of land losses and determined that man-
agement strategies are meaningful, although there are some
spatial differences. Biologic activity also increases the

potential for soil erosion. The root density of plants increases
soil erodibility (De Baets et al. 2006).

C (cover andmanagement factor) is one of themost important
factors in the RUSLE model, which is the effect of vegetation
and land use/land cover (Karaburun 2010; Ganasri and Ramesh
2016). TheC factor represents the importance of vegetation cov-
er and associated management practices for soil loss (Morgan
et al. 1998; Gomez et al. 2009). This factor deals with manage-
ment strategies to reduce soil erosion by adopting various soil-
related measures (Van der Knijff et al. 2000). Traditional mea-
sures could generally be seen as part of strategies to manage soil
erosion in subtropical regions. Land degradation from soil ero-
sion is currently considered to be a monotonous situation that is
directly linked to the decline in agricultural productivity and, on
the other hand, increases the rate of sedimentation in the reser-
voir. Most countries in the world are mainly dependent on the
growth of agriculture and its related activities.

The potential impact of climate variability on soil loss is
clear to researchers (Zhang and Nearing 2005). Rainfall and
runoff erosion factors are the most important factor in the
subtropical region and are capable of estimating the impact
of rainfall on soil erosion (Gupta and Kumar 2017). It has
been observed that there is an upward trend in the simulated
rainfall scenario in most of the region worldwide. This upward
trend of the simulated rainfall scenario is crucial for soil ero-
sion assessment, given that most of the subtropical regions
face extreme soil erosion due to storm rainfall (Edwards and
Owens 1991). Rainfall and runoff (R) are the most important
factors for soil erosion in the subtropical region. It is therefore
necessary to identify its nature in the future period in order to
predict future soil erosion in the region. The general circula-
tionmodel (GCM) predicted that both temperature and rainfall
patterns (severity and frequency) would continue to increase
(Roy et al. 2020b). In the twenty-first century, most regions of
India have to face extreme weather–related events (Malik
et al. 2020). Major impacts of the climate change scenario
has been projected, and multiple studies predict an upward
trend of rainfall scenario and associated soil loss in different
parts of the world. The potential impact of climate change on
soil erosion in this region has not been studied in the past. So,
we simulated the R factor as a dynamic component of soil
erosion modeling to predict the amount of soil erosion up to
the twenty-first century. The overall region is dependent on
the subsistence-based agricultural practices. So, the potential
impact of climate change and its associated extreme climatic
condition can help the policymakers to take proper step for
sustainable land management practices.

Remote sensing and the GIS technique have become useful
for estimating soil erosion in the catchment area (Pal and Shit
2017). The Arkosa watershed of the Dwarkeswar River Basin
in India is selected as a study area for quantifying the amount
of soil loss associated with the “revised universal soil loss
equation” method and the GIS technique. The pixel-wise

1073    Page 2 of 20 Arab J Geosci (2020) 13: 1073



value of all factors (R,K, LS,C, and P) was then worked out as
a data format in the GIS environment. Most of the soil erosion
study is associated with quantifying the rate of erosion, but
there is no potential impact due to climate change in the future.
The likely impact of extreme rainfall scenarios on the assess-
ment of future potential soil loss areas is associated with this
study. This type of information is very useful for planning
purposes, in particular the management of the watershed, the
establishment of a check dam to reduce the rate of sedimen-
tation, and so on in a precise way. The objective of this study
is to determine whether the impact of simulated precipitation
is responsible for soil erosion and what measures and practices
are needed for land use in order to reduce the risk and protect
the soil.

Study area

The Arkosa watershed is an important watershed of the
Dwarkeswar River Basin and is located in the West Bengal

Bankura District (Fig. 1). The latitudinal and longitudinal ex-
tension of this watershed is 23° 9′ 49″ N to 23° 20′ 24″ N and
86° 37′ 48″ E to 86° 54′ 53″ E with an area of 34,852 ha (Pal
and Chakrabortty 2019a). The Arkosa river originates from
the eastern part of the Purulia District and meets the
Dwarkeswar River in the Bankura District of West Bengal.
In the Indian Watershed Atlas, the watershed code is 2A2C8
(Pal and Chakrabortty 2019a). The Dwarkeswar River origi-
nates from Panjoniya or Dunghru Hill of Purulia District and
then enters into the Bankura District near Chhatna C.D. Block
(Chakrabortty et al. 2018).

Database and methodology

The data mainly contains the average annual soil loss (ton/ha/
year) of Arkosa watershed using the “revised universal soil
loss equation” in the GIS environment (Abu Hammad 2011)
(Table 1). The data consists of the primary data collected and
generated by using the SRTM (Shuttle Radar Topographic

Fig. 1 Location of the study area
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Mission), the digital elevation model (DEM), and the Landsat
8 OLI satellite image, incorporating the various empiric equa-
tions in the GIS environment (Eqs. 1–10) (Fig. 2). Average
annual soil loss derived from RUSLE with regard to “rainfall
and runoff erosivity factor” (R), “soil erodibility factor” (K),
“slope length and steepness factor” (LS), “coverage and man-
agement factor” (C), and “support slope direction practice
factor” (P) in the GIS environment (Pal and Shit 2017).

In this study, the “RUSLE” method is considered to esti-
mate the amount of soil loss to the Dwarkeswar River Basin in
the GIS environment. This erosion model can be used to esti-
mate soil erosion caused by water action. The RUSLE factors
can also highlight the impact of rainfall, soil, topography, land
use/land cover, related support practices, etc. (Pal and Shit
2017). The “rainfall and runoff erosivity factor”was estimated
from the primary rainfall experience at different rain gauge
stations during the rainfall season (Pal and Chakrabortty
2019). Grid-wise soil samples were collected, and their texture
and chemical properties were analyzed in order to estimate the

soil erosion factor. The slope and flow accumulation derived
from SRTM and DEM have been prepared for the assessment
of the “slope length and steepness factor” in the GIS environ-
ment (Pal and Chakrabortty 2019b). The NDVI (normalized
difference vegetation index) has been prepared as a reliable
vegetation algorithm for the “cover and management factor”
process. The correlation between theC factor and the NDVI is
positively high. The support practice factor related to the
amount and direction of the slope was prepared on the basis
of the information observed during the field survey in the
Arkosa watershed. The “revised universal soil loss equation”
was taken into consideration for estimating the average annual
soil loss (Chakrabortty et al. 2018) of Arkosa watershed:

A ¼ R� K � LS � C � P ð1Þ

where, A is the “average annual soil erosion” (ton/ha/year), R
is the “rainfall and runoff erosivity factor” (MJmm/ha/h/year),
K is the “soil erodibility factor” (ton/ha), LS is the “slope

Table 1 Specification table
Subject area Geography

Specific subject
area

Pedo-geomorphology

Type of data Table and figure

Data acquired Primary data as well as acquired from GIS approaches

Experimental
factors

All the parameters are derived from the empirical equation in different published
materials.

Experimental
parameters

Estimation of soil erosion using RUSLEmodel in GIS environment of Arkosa watershed
in Dwarkeswar River Basin

Location The latitudinal and longitudinal extension is 23° 9′ 49″N to 23° 20′ 24″N and 86° 37′ 48″
E to 86° 54′ 53″ E with an area of 34,852 ha

Data accessibility All types of data are associated in this article

GCM Model

RCP 2.6 RCP 4.5 RCP 6.0 RCP 8.5

Modified Fourier Index

Impact of Climate Change
on Soil Erosion

K FactorR factor LS Factor C Factor P Factor

Fig. 2 Methodology flow chart
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length and steepness factor,” C is the “cover and management
factor,” and P is the support practice factor (Pal and
Chakrabortty 2019a).

Rainfall and runoff erosivity factor

The “rainfall and runoff erosivity” (R) factor shows that ero-
sivity occurred due to rainfall and runoff in the watershed.
There is a positive relationship between the rainfall and the
amount of R. The value of the R factor is calculated from the
long-term weekly rainfall record collected. The R factor of the
Arkosa watershed is shown here in MJ mm/ha/h/year
(Arnoldus 1980). The following methods have been taken into
account for estimating the different factors in the GIS environ-
ment:

R ¼ ∑
12

i¼0
1:735� 10

1:5log10
P2
i
P

� �
−0:08188

� �
ð2Þ

where R is the rainfall and runoff erosivity factor, and it ex-
presses in MJ/ha/year (Arnoldus 1980).

Soil erodibility factor

The “soil erosion factor” (K) is defined as the general soil
erosion capacity. Generally, surface soil confrontation due
to precipitation raindrops on exposed soil surfaces is dem-
onstrated. Here, K is an influential factor in soil erosion,
which is determined experimentally by considering the dif-
ferent physical and chemical properties of soil as well as
soil texture, soil structure, permeability, and content of or-
ganic matter (Wischmeier et al. 1971). RUSLE calculates
the factor of spatial soil erosion in the GIS environment. For
each soil type, the K factor was calculated from soil samples
collected during empirical field observation and laboratory
experiments. The map of the K factor is then classified to
show the variation in erodibility within the Arkosa water-
shed. The soil factor K has been calculated using Eq. 3
(Teng et al. 2018):

K ¼ 0:0137� 0:2þ 0:3� e −0:0256�San� 1−Sil
100ð Þ½ �� �

� Sil
Claþ Sil

� �0:3

� 1−
0:25� TOC

TOC þ e 3:72−2:95�TOCð Þ

� �

� 1−
0:7� SN 1

SN1 þ e 22:9�SN1−5:51ð Þ

� �
ð3Þ

where K is the soil erodibility, San is the percentage of
sand, Sil is the percentage of silt, Cla is the percentage of
clay, and SN1is the 1-San/100.

Slope length and steepness factor

In RUSLE, two factors are mainly responsible for the rugged-
ness of the overall topography, namely, the slope length factor
(L) and the steepness factor (S), which are responsible for the
erosion of the surface soil (Yang et al. 2003). The slope length
and steepness factor (LS) is a specific method for combining
the impact of the slope length and its steepness (Panagos et al.
2015). The LS factor is related to the percentage of slope and
length of slope defined as the ratio of soil loss between slope
steepness and slope length under a specific condition (Van
Remortel et al. 2004). The higher LS values indicate the very
high potential for erosion and its associated risk. Here, the LS
factor is estimated by incorporating both L and S into a single
framework and the GIS platform with the help of Eqs. 4 and 5
(Moore and Burch 1986):

LS ¼ mþ 1ð Þ � As

22:

� �
� sinβ

0:0896
�

�
ð4Þ

As ¼ 1

b1
∑
N

i¼1
a1u1 ð5Þ

where LS is the length of the slope and the steepness factor, the
length of the slope in meter, and β is the angle of the slope
(Van Romortel et al. 2001).

Cover and management factor

The management factor (C) covers the impact of farming
practices as well as the management strategies adopted with
regard to soil erosion. Here, the C factor shows how specific
management strategies address the impact of soil erosion on
the watershed. The vegetation generally protects the exposed
soil surface from the energy of rain before it reaches the sur-
face of the soil (Pimentel 2006; Neave and Rayburg 2007).
Therefore, theC factor has become an important parameter for
assessing soil erosion and is evidently computed following
experiential equations related to field vegetation information
(Wischmeier 1978). Several researchers used several methods
to calculate the C factor following the NDVI values for soil
erosion in the GIS environment (Van der Knijff et al. 2000).
The NDVI is the most reliable vegetation index and is widely
used in various disciplines to estimate the amount of vegeta-
tion (Pal et al. 2018; Malik et al. 2019). The NDVI was esti-
mated from Eq. 6 (Rouse Jr 1974):

NDVI ¼ NIR−Redð Þ
NIRþ Redð Þ ð6Þ

The exponential function of the NDVI algorithm is then
considered for the estimation of the C factor raster in the
GIS environment (Zhou et al. 2008; Kouli et al. 2009):
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C ¼ exp −a
NDVI

β−NDVIð Þ�
�

ð7Þ

where a and β are units with fewer parameters capable of
estimating the curve between NDVI and its associated C fac-
tor. This scenario provides an exponential improvement in
predictability over linear association (Van der Knijff et al.
2000).

Support practice factor

The “support practice factor” (P) is the proportion of soil
erosion between accurate support practices and similar upper
and lower slopes. The P factor was estimated on the basis of
various management practices based on the slope direction
observed during the field visit. The observed empirical infor-
mation on support and management practices has been con-
sidered in this study.

Rainfall and runoff erosion is one of the most important
factors in soil erosion. Rainfall has a significant impact on soil
erosion susceptibility in subtropical monsoon climates. The
most vulnerable to soil erosion is the correspondence between
a long dry season and a short rainy season with high rainfall
intensity. The amount and intensity of rainfall during this pe-
riod are very high.

Here, long-term historical GCM data (1900–2000) with
observed data during the same period were considered.
Statistical downscaling approaches have been considered in
a systematic way. Here, we distinguish between monsoon
period records and the recorded data from the downscaled
GCM data. Various models were considered for GCM data
in order to assess the accuracy of the GCM and to select
appropriate GCM data. Here, the most suitable GCM data is
t h e “Mode l fo r In t e rd i s c i p l i n a ry Re sea r ch on
Climate”(MIROC5) of the “Coupled Model Intercomparison
Project” (CMIP5) climate model. Average bias between mod-
el data and observed data was then considered for the simula-
tion of future precipitation (RCP 2.6, RCP 4.5, RCP 6.0, and
RCP 8.5). Removing the marginal error, we considered the
different influential timeframes (5, 10, and 15 years). The
rainfall of the monsoon period in historical, observed, and
future periods was considered in this study. Rainfall scenarios
have been taken into account here to approximate the “rainfall
and runoff erosivity factor” in the forecast period.

In particular, some errors are associated with GCM data
which are not capable of calculating the exact precipitation
scenario. Consequently, the key function for modeling a sce-
nario is to eliminate bias by using appropriate techniques. The
information observed is considered to eliminate bias and to be
assigned to the control or historical period in the time of the
scenario. For this reason, using the following formula, the
technique of natural breaks is considered to be the form and

size feature in the likelihood function while using α and β
(Shrestha and Lohpaisankrit 2017; Mishra et al. 2018;
Nyaupane et al. 2018).

XGCMPresent−Corrected ¼ Fobs
−1 FGCMPresent XGCM20Presentð Þð Þ ð8Þ

XGCMFuture−Corrected ¼ XGCMFuture

¼ FObs
−1 FGCMFuture XGCMFutureð Þð Þ

FGCMPresent
−1
�
FGCMFuture XGCMFutureð Þ

ð9Þ

f Xð Þ ¼ 1

βατ αð Þ X
α−1exp

X
α

ð10Þ

F Xð Þ ¼ ∫x0 f tð Þdt ð11Þ

The results of the various points were then interpolated
with the consideration of spatial interpolation techniques in
the GIS environment with a view to estimating and using
spatial variations in soil erosion.

We estimated the predictable rainfall and runoff erosivity
factor when considering the MFI (“modified Fourier index”)
for the elimination of rainfall limitations and the elimination of
exponential relationships (Pal and Chakrabortty 2019b) in the
following way:

FI ¼ P2 max

P
ð12Þ

MFI ¼ ∑
i¼12

i¼1

P21

P
ð13Þ

The simulated rainfall and runoff erosivity factor was taken
into account when considering the modified Fourier index
(Plangoen et al. 2013; Tiwari et al., 2016; Pal and
Chakrabortty 2019b):

R ¼ aMFIb þ ε ð14Þ

Here are the parameters a and b, which are estimated in an
empirical way, and ε is the normal error (Plangoen et al. 2013;
Tiwari et al., 2016; Pal and Chakrabortty 2019b).

Results and discussion

This watershed has unique characteristics in terms of geolog-
ical, geomorphic, hydro-geomorphic, and pedo-geomorphic
conditions. The undulating lateral topography with occasional
hills, sloping strips, and high rainfall intensity during the wet
season causes high erosion. Apart from this, the combination
of a long dry season and a short rainfall span with a high
quantity is most favorable to soil loss.

The rainfall and runoff erosive factor is the capacity of
storm rainfall for soil material erosion. In the monsoon-
dominated region, the presence of seasonality and a short span
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Fig. 3 R factor (a). K factor (b). Slope (c). Flow accumulation (d). LS factor (e). NDVI (f). C factor (g). P factor (h)
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Table 2 Factor-wise areal coverage of Arkosa watershed

Factors Class name Class range Area in hectare Area in %

R factor Very high 58.707–58.798 3938.276 11.300

High 58.655–58.707 3380.644 9.700

Moderately high 58.614–58.655 3206.384 9.200

Moderate 58.574–58.614 12,930.092 37.100

Moderately low 58.527–58.574 3101.828 8.900

Low 58.471–58.527 2927.568 8.400

Very low 58.375–58.471 5367.208 15.400

K factor Very high > 0.24 14,812.100 42.500

High 0.20–0.24 10,420.748 29.900

Moderate 0.14–0.20 7911.404 22.700

Low < 0.14 1707.748 4.900

Slope Very high > 6 3345.792 9.600

High 5–6 1638.044 4.700

Moderately high 4–5 2369.936 6.800

Moderate 3–4 9131.224 26.200

Moderately low 2–3 4705.020 13.500

Low 1–2 6064.248 17.400

Very low < 1 7597.736 21.800

Flow accumulation Very high 218,446.04–395,062.00 421.709 1.210

High 161,123.32–218,446.04 236.994 0.680

Moderately high 111,546.91–161,123.32 181.230 0.520

Moderate 54,224.19–111,546.91 149.864 0.430

Moderately low 24,788.20–54,224.19 170.775 0.490

Low 6197.05–24,788.20 216.082 0.620

Very low 0–6197.05 33,475.346 96.050

LS factor Very high > 0.30 7911.404 22.700

High 0.25–0.30 3206.384 9.200

Moderately high 0.20–0.25 2997.272 8.600

Moderate 0.15–0.20 3276.088 9.400

Moderately low 0.10–0.15 2056.268 5.900

Low 0.05–0.10 2335.084 6.700

Very low < 0.05 13,069.500 37.500

NDVI Very high 0.176–0.269 3624.608 10.400

High 0.129–0.176 2369.936 6.800

Moderately high 0.100–0.129 1847.156 5.300

Moderate 0.076–0.100 15,927.364 45.700

Moderately low 0.052–0.076 2857.864 8.200

Low − 0.001–− 0.052 2753.308 7.900

Very low − 0.175–− 0.001 5471.764 15.700

C factor Very high 1.012–1.232 4042.832 11.600

High 0.950–1.012 2631.326 7.550

Moderately high 0.921–0.950 2387.362 6.850

Moderate 0.892–0.921 14,812.100 42.500

Moderately low 0.857–0.892 3188.958 9.150

Low 0.807–0.857 2753.308 7.900

Very low 0.484–0.807 5036.114 14.450

P factor Very high 0.55–0.60 4359.985 12.510

High 0.50–0.55 1690.322 4.850

Moderately high 0.45–0.50 2509.344 7.200
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of high rainfall intensity results in high erosion potential (Pal
and Chakrabortty 2019b). Here, the weekly average rainfall
record is associated with the same units to determine the R
factor. The R factor values of this region range from 58.375 to
58.798 MJ mm ha−1 year−1 (Fig. 3a). The very high R factor
values (58.707–58.798) are concentrated in the northern,
south-western, and eastern portions of the watershed. Apart
from this, most of the areas are associated with high (58.655–
58.707), moderately high (58.614–58.655), moderate
(58.574–58.614), moderately low (58.527–58.574), low, and
very low (58.471–58.527) values.

The combination of the different causal properties of
the soil influences the process of erosion. The soil has
been the result of numerous physical, chemical, and bio-
logical conditions over a long period of time. The K factor
values of the Arkosa watershed range from 0.14 to 0.24
(Fig. 3b). In this area, the higher K value, which is more
prone to erosion, is associated with the lower part. Apart
from this, the rest of the area is associated with moderate
to low K values, which are less prone to erosion than the
lower part of the watershed.

The “slope length and steepness factor” is the capacity
of the soil loss potential that is directly related to the
topographic characteristics. The kinetic energy, which de-
pends on the amount of slope, is directly related to the
gravitational force. In the GIS environment, therefore, the
flow accumulation algorithm (Fig. 3c) and the slope raster
(Fig. 3d) are the primary determinant of the LS factor
estimation. The values of the LS factor of this watershed
range between < 0.05 and > 0.30 (Fig. 3e). The western
portion (upper portion) has a maximum slope, and the
remaining area is associated with a moderate to low LS
factor. The maximum amount of flow accumulation is
found in the eastern portion, but the soil loss is associated
with the amount of active kinetic energy.

The cover and management factor is related to surface
cover, which acts as a determining control or prevents soil
loss. The amount of surface coverage of any region is not
static; it is time to time changeable. Natural control of the
cover and management factor is estimated on the basis of
a vegetation algorithm. For this purpose, the NDVI has
been considered for the assessment of the C factor (Fig.
3f). In the GIS platform, the C factor depends not only on

the amount of vegetation covered but also on the amount
of canopy covered, the density, roughness, the amount of
bare surface, and also the association between the vegeta-
tion cover and the bare surface. This technique is useful in
eliminating the possible overlap between the canopy cov-
er and the bare surface. The values of the NDVI range
between negative (−) 0.175 and positive (+) 0.269
(Table 2). The C factor of this watershed ranges from
0.484 to 1.232. The high C factor is concentrated in the
forest area, and the rest of the area is associated with
moderate to low C values (Fig. 3g). Here, we have found
a very significant relationship between the C factor and
the NDVI raster (Fig. 4).

The support practice factor indicates the proportion of
specific support practices. Generally, the support practice
and its associated management factor can control the
amount of soil loss in a given area. The P factor values
were adopted according to the number of support prac-
tices initiated by local stakeholders. In this case, the
amount of support practices has been incorporated accord-
ing to the percentage of slope direction. In this region, no
specific support practice has been adopted to reduce the
amount of soil erosion. Field bundling is a specific type of
traditional measures that have been largely implemented
in intensive subsistence agricultural regions to control
high soil erosion as well as to trap surface runoff;

Table 2 (continued)

Factors Class name Class range Area in hectare Area in %

Moderate 0.40–0.45 3087.887 8.860

Moderately low 0.35–0.40 5670.420 16.270

Low 0.30–0.35 6548.691 18.790

Very low 0.25–0.30 10,985.350 31.520

Fig. 4 Correlation between the C factor and NDVI
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diversification of land with such traditional practices is
also taking place in the tropical and subtropical environ-
ments of this watershed. This area is dominated only by
paddy cultivation; therefore, a monocropping system has
been organized. High P factor values have mainly been
found in areas where traditional support practices have
been adopted, and the soil erosion of this area is low.
The other regions are associated with moderate to low P
factor values, and the potential for soil losses in this area
is high (Fig. 3h).

The amount of soil erosion of this region ranged from
< 1 to > 6 t/ha/year (Table 3). The output erosion raster
was then reclassified into different qualitative classes, tak-
ing into account separate threshold units, i.e., 1, 2, 3, 4, 5,
and 6 (Fig. 5). The very high soil loss classes (> 6 t/ha/
year) are largely confined in the southern and south-
eastern parts of the watershed. The high soil loss (5–6
t/ha/year) areas are largely confined in the eastern portion
of the watershed. The moderately high (4–5 t/ha/year) soil
loss areas are largely confined in the eastern and middle

Table 3 Average annual soil
erosion and its areal coverage Class name Class range (ton/ha/year) Area in hectare Area in %

Average annual soil loss Very high > 6.00 1446.3 4.150

High 5.00–6.00 2712.6 7.783

Moderately high 4.00–5.00 2020 5.796

Moderate 3.00–4.00 3021 8.668

Moderately low 2.00–3.00 3363.5 9.651

Low 1.00–2.00 3210 9.210

Very low < 1.00 19,078.6 54.742

Fig. 5 Average annual soil loss
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parts of the watershed. The medium soil loss (3–4 t/ha/
year) areas are mainly concentrated in the south-eastern
portion of the watershed (Table 3). The moderately low
(2–3 t/ha/year) soil loss areas are mainly found in the
eastern part of the watershed. Low (1–2 t/ha/year) soil
loss areas are largely confined to the western, northern,
and southern parts of the watershed. Very low (< 1 t/ha/
year) soil loss areas are mainly found in most locations in
the watershed. This type of information may be useful for
local stakeholders as well as regional planners to propose
the most appropriate development paradigm, taking into
account the characteristics of the local environment.

The entire output of this model was validated at the
primary sedimentation rate observed for the different gul-
ly plug or check dam records. This information is very
similar to the model output, which shows the high accu-
racy (91.43 area under the curve) of the ROC curve (Figs.
6 and 7). It can therefore be argued that this specific
model of this area is perfectly suited and should be ap-
plied to the subtropical regions of the world.

Various scenarios of RCP (2.6, 4.5, 6.0, and 8.5) were
considered to estimate the simulated rainfall status. Here,
some variations of RCP wise have been identified. There is
a general upward trend in rainfall, both in the future and in
the historical, by increasing the RCP scenarios. Some os-
cillation has been found in the history of storm rainfall
(Fig. 8a). Apart from that, we divided the historical records
(observed, GCM, and corrected GCM) according to the
moving average method (Fig. 8b). In the case of a

simulated future rainfall event, we consider different RCP
scenarios with different influential timeframes to minimize
the error with respect to the predicted rainfall scenario (Fig.
8c). In RCP 2.6, the values of the rainfall and runoff ero-
sivity factor range from 76.69 to 77.16 in 5-year influential
timeframes, 83.51 to 84.56 in 10-year influential
timeframes, and 84.51 to 85.70 in 15-year influential
timeframes. In RCP 4.5, the values of the rainfall and run-
off erosivity factor range from 85.28 to 86.96 in 5-year
influential timeframes, 96.60 to 97.91 in 10-year influen-
tial timeframes, and 96.97 to 98.48 in 15-year influential

Fig. 6 Validation of the study and
model through measuring the
amount of soil deposition near the
check dam

Fig. 7 Validation of the study through ROC curve
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timeframes (Fig. 9). In RCP 6.0, the values of the rainfall
and runoff erosivity factor range from 79.03 to 80.30 in 5-
year influential timeframes, 96.05 to 97.02 in 10-year in-
fluential timeframes, and 100.68 to 102.03 in 15-year in-
fluential timeframes. In RCP 8.5, the values of the rainfall
and runoff erosivity factor range from 92.35 to 93.39 in 5-
year influential timeframes, 95.59 to 95.69 in 10-year in-
fluential timeframes, and 96.80 to 97.12 in 15-year influ-
ential timeframes.

This model indicates that the rising propensity of soil
erosion is found in the different RCP scenarios. We divid-
ed the period with different influential time frameworks for
minimizing the probable period. We cannot say the actual
amount of precipitation in a particular time. So, the differ-
ent influential timeframes (5, 10, and 15 years) are a reli-
able method for projecting the simulated rainfall scenario,
which is very much influential on soil erosion susceptibil-
ity. We found that the increasing trend of soil erosion has
increased in the RCP scenario (Fig. 10). However, there is

some degree of erosion minimization in RCP 6.0 compared
with other RCP scenarios. Aerial coverage for simulated
soil erosion is shown in Table 4.

Conclusion

The impact of extreme rainfall has had a significant im-
pact on soil erosion during the forecast period. There is a
direct impact in this area of monsoon climate and extreme
rainfall with high intensity and high kinetic energy. This
type of research is therefore helping to identify the direct
and indirect impacts of climate change on the soil erosion
scenario. In recent times, there has been an increasing
tendency to apply geospatial technology to various prob-
lems and associated management strategies. It is time-
consuming and is dealing with an adequate level of accu-
racy. Different raster layers have been used to estimate the
amount of soil erosion and to estimate the spatial

Fig. 8 Year-wise rainfall in historical periods (1900–2000) (a). Historical storm rainfall in different influential time frameworks (b). Simulated rainfall
scenario in different influential time frameworks (c)
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Fig. 9 Future rainfall and runoff erosivity factor. RCP 2.6 in 5-year in-
fluential time frameworks (a). RCP 2.6 in 10-year influential time frame-
work (b). RCP 2.6 in 15-year influential time framework (c). RCP 4.5 in
5-year influential time framework (d). RCP 4.5 in 10-year influential time
framework (e). RCP 4.5 in 15-year influential time framework (f). RCP

6.0 in 5-year influential time framework (g). RCP 6.0 in 10-year influen-
tial time framework (h). RCP 6.0 in 15-year influential time framework
(i). RCP 8.5 in 5-year influential time framework (j). RCP 8.5 in 10-year
influential time framework (k). RCP 8.5 in 15-year influential time frame-
work (l)
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differences in this perspective. Pixel-wise information on
the amount of soil loss is helpful to planners in taking the
development strategy initiative. Special consideration
must be given to the affected areas by the planners for

minimizing the amount of soil loss. Loss of soils alters the
decline in soil fertility and the degradation of soil re-
sources in the region. Some local support practices have
been adopted by local stakeholders in order to minimize

Fig. 9 (continued)
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Fig. 10 Future prediction of soil erosion. RCP 2.6 in 5-year influential
time framework (a). RCP 2.6 in 10-year influential time framework (b).
RCP 2.6 in 15-year influential time framework (c). RCP 4.5 in 5-year
influential time framework (d). RCP 4.5 in 10-year influential time frame-
work (e). RCP 4.5 in 15-year influential time framework (f). RCP 6.0 in

5-year influential time framework (g). RCP 6.0 in 10-year influential time
framework (h). RCP 6.0 in 15-year influential time framework (i). RCP
8.5 in 5-year influential time framework (j). RCP 8.5 in 10-year influen-
tial time framework (k). RCP 8.5 in 15-year influential time framework
(l)
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the impact of soil loss and to maintain soil fertility.
Structural and non-structural measures must be taken in
order to escape this kind of situation. Local governments
and stakeholders have already taken some action to

reduce the loss of the top soil. However, as a result of
this situation, such measures may not be appropriate to
remedy the situation and may not comply with sustainable
land management practices. Social forestry with external

Fig. 10 (continued)
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plant species has already been introduced, but this prac-
tice has become a false security for the protection of the
upper soil. After considering the local indigenous spices,
vegetative measures need to be taken. This type of data
set generation information is effective and useful in the
tropical and subtropical environments. It can be used for
educational purposes as well as future soil loss research in
the watershed area. Obviously, this type of data and its
relevant information will help the civil engineer and plan-
ner to select the appropriate location of the reservoir and
check the dam, the percolation tank, and so on.
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