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Soil erosion has always been a major environmental problem in many parts of the world including the
northeastern region of India. An increase in the rate of soil erosion has tremendous implications on land degradation, biodiversity loss, productivity, etc. Hence, assessment of soil erosion hazard and its spatial distribution is
essential to serve as a baseline data for eAective control measures. The present study uses revised universal soil loss
equation (RUSLE) and analytical hierarchy process (AHP) approach integrated with geospatial technology for
modeling soil erosion hazard zone of West Kameng watershed of Arunachal Pradesh, Northeast India. The
assessment showed that the erodibility factor of soil ranged between 0 and 0.38 t/ha/MJ/mm and slope length
and steepness factor increases with increase in slope angle. Lower normalized difference vegetation index (NDVI)
values depict vegetation cover and higher values represent the rocky area or barren land. Spatial distribution of
conservation support practice on soil loss indicated the variability (0–1) where lower value represents the higher
conservation practice. The predicted average soil erosion rate was 124.21 t/ha/Yr. Normalized eigenvector values
ranged between 0.03 and 0.20. The areas with more slope, relative relief, drainage density, lineament density, and
frequency have shown comparatively higher eigenvector values, and it has been noticed that the strength of these
eigenvectors reduces with a decrease in the values of the parameters. The spatial soil erosion potential map was
delineated using eight geo-environmental variables (LULC, geomorphology, slope, relative relief, drainage
density, drainage frequency, lineament density, and lineament frequency). The soil hazard map showed that the
moderate soil erosion has the maximum (57.71%) area cover followed by high erosion class (26.09%) which depicts
that most of the watershed areas are moderate to high vulnerable to soil erosion. The eDciency of the AHP was
validated applying area under curve (AUC) method which result 84.90% accuracy in the present study. Based on
the Bndings, it is being recommended that present watershed requires adequate control procedures on a priority
basis to conserve soil resources and reduce Cood events and siltation of water bodies.
Keywords. AHP; AUC; geospatial; RUSLE; soil erosion.
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1. Introduction
The soil is one of the vital resources playing a
significant role in sustainable agriculture production and improved economy of the nation.
Increased world population has created an
enhanced food supply demand to meet the basic
needs, thereby negatively impacting soil health
directly or indirectly. Extensive agriculture and
tree felling from the forest for future agricultural
practices, developmental projects and mining were
severely aAecting the upper soil layer and simultaneously soil erosion in the particular area. These
activities had drastically altered soil properties
which causes a negative impact on the soil productivity. The significant impacts of soil erosion
include poor soil productivity, degraded water
quality due to eutrophication in water bodies, siltation, and sedimentation of lakes and river beds,
enhances Cood risk, etc. (Onyando et al. 2005; Zhou
et al. 2008). In recent decades, it is considered as
significant threats for the environment which
severely impacting the agriculture, natural
resources and the environment globally (Rahman
et al. 2009). It had been reported that the proportion percentage of soil erosion to total land degraded are 25% for Europe, 18% for Asia, 16% in
Africa, and least 5% is in North America, respectively (Oldeman et al. 1992). Hence, it has become
a matter of grave concern for minimizing the
impact of soil erosion through sustainable management practices by considering the magnitude as
well as its spatial variability.
The major problem in soil erosion study is the
implication of Beld-based method in determining
the soil erosion impact that requires a lot of
resources and it should be done in the controlled
system (Kirkby and Morgan 1980). So researchers
around the world face difBculties in assessment and
prediction of soil erosion. Hence, since 1930, they
developed various models (Lal 2001). The various
models developed so far can be classiBed as a
physical process based, empirical and semi-empirical model based. The models used for quantifying
the soil erosion were USLE – universal soil loss
equation (Wischmeier and Smith 1978), RUSLE –
revised universal soil loss equation (Renard et al.
1997), Hill slope model (Gronsten and Lundekvam
2006), European soil erosion model (EUROSEM)
(Morgan et al. 1992), etc. Among the abovementioned models, USLE and RUSLE are most
commonly employed (Sinha and Joshi 2012; Joshi
2018). These models are more convenient than
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others as they rely on parameters like precipitation, physiography, soil and land-use practice and
conservation sustenance. For sustainable management of soil eroded area, it is pre-requisite for the
decision maker to locate soil erosion prone area in
spite of knowing total soil quantity lost from the
area (Eltner et al. 2013; Cerd
a et al. 2017).
Several studies were conducted around the world
on these aspects using USLE and RUSLE approach
combined with GIS (Bera 2017; Das et al. 2018).
Most of the studies have done quantitative
research on soil eroded from a particular region.
However, decision and policy makers are giving
more emphasis on the spatial extent in comparison
to the quantity of soil eroded (Eltner et al. 2013;
Cerd
a et al. 2017). Hence, data on spatial distribution pattern along with its magnitude of the
sternness of soil erosion-prone areas will aid in
making of strategic decision to minimize the soil
erosion risk with incorporating political and socioeconomic matter alongside (Prasuhn et al. 2013).
Thus, it requires integration of some expert
knowledge-based methods to existing soil erosion
models to assess the soil erosion susceptibility
assessment.
Based on various environmental factors,
researchers had used various methods of deterministic and probabilistic to fuzzy logic or artiBcial
neural network (ANN) approaches such as multicriteria evaluation, weighting and ranking based
method, analytical hierarchical process (AHP) and
modelling to review the degree of erosion risk (Oh
et al. 2009). However, it has shown difBculty in
quantifying the soil erosion interaction with its
environmental factors due to complexity in soil
erosion process (Kheir et al. 2006). Therefore, it
necessitates an integrated approach which systematically analyzes various environmental factors
inCuencing soil erosion process and quantifying its
severity. From the above, the important and most
widely used technique is the AHP method reported
by Saaty (1980). AHP technology coupled with
geospatial technology has acquired significant
attention among the various researchers of recent
times (Rozos et al. 2011; Li et al. 2015; Das
2018, 2019a, b). Several researchers have applied
the integrated approach of AHP, GIS and RUSLE
techniques to determine soil erosion-prone areas
(Nasiri 2013; Abbasi et al. 2017; Thomas et al.
2018). The present study has been carried out in
the West Kameng watershed of Arunachal Pradesh, as the study region falls in high precipitous
zone along with unstable geological formations
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which caused frequent soil erosion from hilly
mountains in monsoon season. Hence, it is necessary to map the extent of soil erosion and probable
soil erosion prone areas in the study region for
the futuristic developmental activity in the region.
The present study aims to elucidate two different
natures of soil erosion processes such as quantitative analysis of soil erosion by RUSLE model and
spatial distribution and extent of soil erosion hazard risk through AHP. Both of these methods were
incorporated with geospatial technology to Bnd out
the soil erosion-prone areas of the study regions.
2. Study site and methodology
The study was conducted in West Kameng watershed (26°540 –28°010 N; 91°300 –92°400 E) of Arunachal
Pradesh having geographical coverage of 7422 km2,
i.e., 8.86% of the total state geographical area
(Bgure 1). Study area represents part of the Eastern
Himalayan range sharing an international boundary
with Bhutan in the west, the state of Assam in the
south, Tawang district in north and East Kameng
district in the east. Physiography is characterized by
undulating terrain and valleys with an altitudinal
range of 115–5780 masl. Geologically, study area is
classiBed into nine geological rock formations with
maximum coverage of Ziro granite gneiss formation
(1515 km2) followed by Dirang, Tenga, high-grade
Schist and Gneiss formations of Sela group, Tourmaline granite, Chillipam formation, Bharali, lower
Siwalik formation and minimum in Bichom formation. Geomorphology of the watershed has been
divided into three groups, e.g., Denudo structural
hills, structural hills and valley Bll. Soil texture was
coarse loam to gravelly sandy loam. The forest cover
of the district is 86.2% and the major vegetation
types include subtropical broad-leaved and pine
forests. Certain areas of the district such as Bomdila,
Dirang and Shergaon exhibit temperate broadleaved and temperate coniferous forests which is
mostly dominated by oaks and members of Magnoliaceae and Ericaceae, particularly, the Rhododendrons. The average rainfall is about 1607 mm with
hot and humid climate up to 1200 masl. The cold
climate prevails in the northern part and average
temperature varies between 0.1o and 31°C.
2.1 Data acquisition
The foremost task of the proposed research is to
evaluate soil loss and erosion process and to
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prepare a spatial map of soil erosion hazard-prone
areas. Hence, it is essential to study the suitable physical parameter such as precipitation,
digital elevation model (DEM), land-use pattern
and soil type which largely aAects the soil erosion.
The major variables used in current soil erosion
study are (a) annual precipitation (15 yrs) data
which was collected from climate hazard group
infrared precipitation with station data (CHIRPS)
database
(ftp://chg.ucsb.edu/pub/org/chg/
products/CHIRP/monthly/india/) for the period
2001–2015 from which rainfall runoA erosivity
factor was determined, (b) length of slope and
steepness factor were derived from high-resolution
PALSAR DEM having 12.5 m resolution collected
from vertex (https://vertex.daac.asf.alaska.edu/),
(c) land-use and normalized difference vegetation
index (NDVI) was determined from Sentinel-2
(13th December 2016) data downloaded from
(https://scihub.copernicus.eu/dhus), and (d) soil
type and its attributes were collected from map
NBSS & LUP, Kolkata. Flowchart for methodology adopted in the present study is given in
Bgure 2.

2.2 Soil, precipitation and land-use
Soil texture of the study area was classiBed into
nine soil textural class through digitizing district
soil map acquired from NBSS & LUP. Study
revealed that maximum area coverage was by
loamy soil (347,010 ha) followed by sandy loam
(60,326 ha), coarse loam (26,359 ha), Bne loam
(25,389 ha), rocky mountain (17,459 ha), sandy
clay loam (10,644.74 ha), gravelly loam (3667 ha),
landslide (897 ha), and gravelly sandy loam (124.97
ha) type (Bgure 3a). Spatial variability in the
intensity of precipitation is the most important
factor aAecting soil erosion. However, only a few
metrological stations are found in the study area.
To overcome this problem, the gridded rainfall
data of CHIRPS with station data for the last 15
yrs was used. The annual precipitation ranged from
415 to 2600 mm (Bgure 3b). For identifying the soil
erosion prone area it is important to know the
present land-use, as the proposed site falls on the
eastern Himalayan zone which is characterized by
undulating topography, hence it is proned to
landslides during rainy days and causes heavy
losses. LULC map was prepared following supervised classiBcation using Sentinel-2 images and has
been classiBed into 10 LULC classes (Bgure 4a).
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Figure 1. Location map of the study area.

2.3 Geomorphology, slope and relative relief
Geomorphology mapping involves the identiBcation
and characterization of different landform types.
Landform genesis is inCuenced by various factors
such as slope, existing drainage pattern and underlying lithology of the region. The study area comprised of rocky terrain. Six geomorphology classes
were extracted from level-2 geomorphology dataset
of NRSC Bhuvan data portal (Bgure 4b). The study
area has the dominance of structural origin formations of moderately dissected hills and valleys. The
slope is an angle formed at the junction of ant surface
of the earth and a horizontal datum. The slope is
an important driver of soil erosion process. The
slope was calculated from high-resolution DEM

(resolution of 12.5 m) of ALOS PALSAR and was
categorized into Bve (Bgure 4c) classes (gentile
(0–5°), marginal (5–15°), moderate (15–25°), high
(25–35°), and very high ([35°)). Relative relief
represents the altitudinal difference at a given point.
There is a decrease in safety factor with an increase
in altitude. Thus, between two slopes having similar
properties except for elevation, higher the slope,
higher will be the probability of landslide and soil
erosion. In this area, runoA is higher and inBltration
is lower due to its steepness. Besides this, the slope
saturation also enhances the shear forces through
drag by reducing the shear resistance of the slope
(Nagarajan et al. 2000; Pandey et al. 2008). The
neighborhood function of spatial extension tool of
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Figure 2. Flow chart for steps involved in the soil hazard zonation mapping.

Figure 3. Soil texture (a) and precipitation map (b) of the study area.

ArcGIS using ALOS PALSAR DEM was used to
create the relative relief (Bgure 4d).

2.4 Drainage density and drainage frequency
Drainage network inCuences the soil erosion
process by eroding and transporting the sediments
through streams. It is an important variable
inCuencing landslide and soil erosion processes in
mountainous regions (Sarkar and Kanungo 2004).

The area having greater density signiBes more
number of streams thereby higher possible rate of
soil erosion. Drainage network of the study area
was extracted from the ALOS PALSAR DEM
(Bgure 5a) to prepare the drainage density map.
Study area is classiBed into Bve drainage classes,
viz., very low (0–500 m/km2), low (501–1000
m/km2), moderate (1001–1500 m/km2), high
(1501–2000 m/km2), and very high ([2000
m/km2). The number of streams per unit area is
the drainage frequency. The unit area in this
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Figure 4. (a) LULC; (b) Geomorphology; (c) Slope; (d) Relative relief map of the study area.

study is 1 km2 and drainage frequency ranges
from 0 to 35 per km2. The study area was classiBed into three drainage (Bgure 5b) frequency
zones, viz., low (\10), moderate (10–20), and high
([20).
2.5 Lineament density and frequency
Lineaments represent the crustal structure like
faults, fracture, crack which controls the movement
of surface-runoA and groundwater recharge. The

lineament of the study area was extracted from
PALSAR DEM derived shaded relief of different
solar (Bgure 5c) azimuths (0°, 45°, 90°, 135°, 180°,
225°, 270°, 315°) with solar elevation of 30° and
ambient light setting of 0.20 constant were taken.
Two different sets of shaded relief [(0°, 45°, 90°,
135°) and (180°, 225°, 270°, 315°)] were prepared
by overlay operation. The automatic lineament
extraction technique of PCI Geomatica was used to
map all the lineaments covering the study region
(Abdullah et al. 2010; Das and Singh 2016; Das et al.
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Figure 5. Drainage density (a), drainage frequency (b), lineament density (c), and lineament frequency (d) map of the study
area.

2018). The lineament validation process was carried
out by overlaying the two sets of lineaments on top of
the drainage network of study area and we found
that the Brst set with azimuth have the negative
relationship with the lineaments and later set has the
positive relationship, hence used in the study. The
Bve lineament density classes were used (Bgure 5c),
i.e., low (0.500 m/km2), low (501–1000 m/km2),
moderate (1001–1500 m/km2), high (1501–2000
m/km2), and very high ([2000 m/km2). Lineament

frequency of the study area ranged from 10 to 54. It
was classiBed into Bve classes (Bgure 5d), viz., very
low (\10), low (10–20), moderate (20–30), high
(30–40), and very high ([40).
2.6 Soil erosion models
The spatial mapping of soil erosion process was
estimated using the RUSLE model and it relies on
various factors, viz., rainfall-runoA erosivity (RE),
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soil erodibility (E S), slope length (L S), cover and
management (C M), and conservation practices
(P C). Due to the simplicity of the RUSLE model, it
is the widely used soil erosion model and can be
applied to a diverse region with multifaceted land
use sectors (Renard et al. 1997). RUSLE model can
also be applied at a continental scale (Van Der
KnijA et al. 2000), on a territorial scale (Van Der
KnijA et al. 1999) and at the basin scale (Balasubramani et al. 2015; Toubal et al. 2018). The
equation adopted for the RUSLE model in the
current study of soil erosion is as follows:
A ¼ RE  E S  L S  C M  P C ;

ð1Þ

where, A is the estimated average annual soil loss (t/
ha/yr), R E is the rainfall-runoA erosivity factor (MJ
mm/ha/h/y), E S is the soil erodibility factor (t/ha/
MJ/mm), L S is the slope length factor, C M is the
cover management factor, and P C is the conservation
support practices factor for the study area. The LS,
C M, and P C factor values are dimension less values.
To predict the spatial attribute of different
parameters of RUSLE model, equation (1) was
integrated into the map algebra tool of the spatial
analysis toolbox of ArcGIS 10.3, where all the
factors were multiplied to estimate the soil erosion
rate of the study area. This model shows varied
values for land and water bodies, hence, soil
eroded in water bodies were excluded from the
analysis.
E

2.7 Rainfall-runoA erosivity factor (R )
R E calculation needs rainfall data on a daily basis.
However, it was considered as a major challenging
task due to unavailability of high-resolution rainfall
database for the area. In such circumstances, various empirical models were used for R E factor calculation using rainfall data (Millward and Mersey
1999; Lee and Heo 2011). In the current study, the
linear relationship developed by Choudhury and
Nayak (2003) was used to evaluate the R E factor.
RE ¼ 79 þ 0:363  Xa ;

ð2Þ

where Xa is the average annual precipitation.

Table 1. Soil erodibility factor for different textural
class.
Organic matter (%)
Textural class

\0.5

2

Coarse loamy
Fine loamy
Gravelly loam
Gravelly sandy loam
Loamy
Sandy clay loam
Sandy loam
Landslide
Rocky mountain

0.27
0.35
0.12
0.27
0.38
0.27
0.27
–
–

0.24
0.30
0.10
0.24
0.34
0.25
0.24
–
–

However, soil erodibilty is mainly inCuenced by
soil texture and organic substances as reported
by Wischmeier and Smith (1978). E S factor for
the present study was estimated based on soil
texture class correlation with organic matter as
given by Schwab et al. (1981) and presented in
table 1.
2.9 Slope length and steepness factor (LS)
It determines the steepness of the landscape and
provides the eAect of topography on soil loss. LS
factor was estimated by applying two equations
using PALSAR DEM data (Shinde et al. 2011):
L ¼ 0:4  SP þ 40;

ð3Þ

where, L is the slope length and SP is the slope
steepness (%).
The equation of slopes LS up to 21% was
calculated:
LS1 ¼



 

L
 65:41  ðSin hÞ2 þ 4:56  Sin h þ 0:065 :
22:1

ð4Þ
However, equation for [21% slopes is as follows:



L 0:7 
S2
L ¼
 6:432  ðSin hÞ7  Cos h ; ð5Þ
22:1
where, h is the angle of the slope and L is the length
of slope (m). Further, two different resulted L S
factor values were integrated into one single L S
map for the study area.

2.8 Soil erodibility factor (E S)
S

E indicates the different rate at which soils erode
in a region. The different soils have a different rate
of soil erosion because of varied soil characteristics.

2.10 Cover management factor (C M)
Vegetal cover, in general, minimizes the soil
erosion through obstructing direct rainfall on soil
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particles. C M factor is the ratio of soil loss from
cropped land under the speciBc condition to the
consequent loss from continuous fallow land. C M
factor is determined through the satellite-derived
normalize differential vegetation index (NDVI)
using Sentinel-2 data following the equation
developed by Van Der KnijA et al. (1999).


NDVI
M
;
ð6Þ
C ¼ exp a 
ðb  NDVIÞ
where a and b are the shape of NDVI-C curve, the
value for a and b is 2 and –1, respectively. C M
values of the present study ranges from 0 to 1.
S

2.11 Support practice factor (P )
P S factors are related to the agronomial practices
(contour tillage, strip cropping, and terrace) that
modiBes the surface runoA Cow pattern, and
minimizes the runoA rate and hence prevents the
soil erosion (Renard and Foster 1983). The P S
factor is the ratio of soil loss with speciBc support
practice to the equivalent loss with upslope and
downslope tillage (Renard et al. 1997). P S factor
was estimated from Sentinel-2 derived LULC
map, and values for different LULCs were
assigned following the list provided in USDA
handbook (1981). P S value for the rocky area was
considered as zero as these areas are devoid of soil
erosion.

2.12 Analytical hierarchy process (AHP)
AHP technique is applied in the present study. It is
a multi-criteria decision analysis method which
analyzes different environmental parameters and
involves ranking based on certain criteria to solve a
very complex decision-making process (Saaty and
Vargas 2001). Hierarchy of an environmental
parameter was based on its interdependency and
interrelationship between other parameter and
hierarchy was done through higher to the lower
level. This technique uses both subjective and
objective factors in the decision-making processes
(Vijith et al. 2012; Yasser et al. 2013). Further, it
uses a pairwise comparison of a different parameter
which inCuences the soil erosion process. The
pairwise comparison was done by the help of a
matrix of the parameter and giving weight to the
parameter with respect to their inCuence on other
parameter expressed in a numerical scale and also

consistency ratio (Saaty 1980). The pairwise
comparison matrix can be represented as:
2

1
6 a21
6
6
M ¼ 6 a31
6 ..
4.

a12
1
a32
..
.

a13
a22
1
..
.

an1

an2

...

3
a1n
a2n 7
7
... 7
7;
.. 7
. 5
... 1
...
...
...
..
.

where
aij ¼

Weight of attribute i
:
Weight of attribute j

ð7Þ

The weight may vary in the numerical scale of 1
and 9. The element of 1/1 in the matrix have equal
importance for both parameters i and j. The
present study considered eight individual
parameters such as LULC, geomorphology, soil,
slope, drainage density, drainage frequency,
lineament density, and lineament frequency of the
study area. Though geology of study area has
significant inCuence on the soil erosion, it was not
considered in the present study. However, soil
erosion is also dependent on the slope and current
land use and land cover prevailing in the study
area. Apart from these, majority of the study area
is covered with dense forest cover with undulating
hilly terrain. The calculation of the weight matrix
was done using pair-wise comparison matrix. The
eigenvector method was used for determining the
weight of attributes. The primary eigenvector of
matrix oAers the weight value of each factor and it
was computed by adding each column values of
pair-wise comparison matrix, and afterward, the
values in each cell were divided by the summed
values of the same factor (Saaty 1980). The
estimation of the consistency level of the matrix
of order n through the consistency index (CI)
calculation (equation 8):
CI ¼

kmax  n
;
n1

ð8Þ

where, kmax is the highest eigenvalue of the matrix.
The kmax will be n if the pair-wise comparison did
not have any consistency and resulting CI to be
zero. The consistency ratio (CR) was calculated
to measure the consistency of the pairwisecomparison matrix (Kurttila et al. 2000)
CR ¼

CI
;
RI

ð9Þ
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Figure 6. Rainfall erosivity (a) and soil erodibility (b) factor map of the study area.

where, RI is the average of resultant consistency
index of randomly generated comparison and it
varies according to order of the matrix (Saaty
1980). The CR of the matrix should be less than or
equal to 0.1 to be accepted as consistent. The
changes in variables in analysis depend on the CR
value. The CR [ 0.1 endorses the omission of
variable and CR \ 0.1 will allow the variables in
the analysis.
2.13 Soil erosion susceptibility validation
Accuracy of the prediction model is a crucial
requirement in susceptibility modelling approach,
as it is the best available technique to identify the
future probable zones of hazard and its extent in
the study area. Hence, for the present study, the
accuracy of the model can be done by validating
the soil erosion susceptibility map with the historical known soil erosion locations occurred in the
study area as well as overlaying the soil erosion
location on recent satellite image. The validity of
soil erosion susceptibility map can also be graphically done by applying area under curve (AUC)
method (Pradhan et al. 2010; Feizizadeh et al.
2014; Tehrany et al. 2017). The AUC method is the
widely used approach to determine the accuracy of
predictive model by interpreting its ability to
predict the hazard locations (Feizizadeh et al.
2014).

3. Results and discussion
3.1 Rainfall-runoA erosivity factor (RE)
The analysis of CHRIP rainfall data revealed that
the average yearly rainfall of the study area ranged
between 415 and 2600 mm. The spatial distribution
of observed rainfall erosivity varied greatly across
the study region. The average estimated R E value
was 421 mm/ha/h/Yr and it ranged between 212
and 851 MJ mm/ha/h/Yr (Bgure 6a). The southeast part of the study area is having higher RE
factor and it decreases gradually in a northwestern
direction. This could be mainly due to the southeastern leeward side of the mountain acted as a
barrier to the south-west monsoonal rainfall comes
from the Bay of Bengal which might have caused
higher rainfall in a different part of the site. The
observed RE value can be correlated with the
Bndings of 1062–2014 MJ mm ha/h/Yr from Karso
watershed of Damodar Barakar catchment and 267
and 694 MJ mm ha/h/Yr in the Cat area and the
mountainous steep area (Alexakis et al. 2013). The
lower RE value (333.6–412 MJ mm ha/h/Yr) in
comparison to present Bndings was also reported
from Andipatti watershed of Tamil Nadu (Pandey
et al. 2007; Balasubramani et al. 2015). However,
much higher RE value (1514.66 MJ mm ha/h/Yr)
was observed by Prasannakumar et al. (2012) in
the mountainous watershed, Kerala.
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3.2 Soil erodibility factor (E S)
Soil texture map was used for extracting soil
erodibility factor (E S) factor and showed the
diverse type of the soil texture in the present study
sites such as coarse-loamy, Bne loamy, gravelly
loam, gravelly sandy loam, loamy, sandy clay
loam, and sandy loam. E S values of the study area
ranged from 0 to 0.38 t ha/MJ/mm with a mean
value of 0.27 t ha MJ/mm (Bgure 6b). The present
value of E S factor can be compared with the values
reported by various researchers. E S factor ranged
between 0.16 and 0.28 t ha/MJ mm in the hilly
terrain of Tirap district of Arunachal Pradesh (Das
et al. 2018). The E S factor from 0.09 to 0.48 t ha/
MJ/mm was reported from the mountainous
watershed of lower Himalayas (Sheikh et al. 2011)
and 0.14–0.37 t ha/MJ/mm from the agricultural
watershed of Western Ghats region (Pradeep et al.
2014).

3.3 Slope length and steepness factor (LS)
PALSAR-DEM derived slope data was used to
estimate the L S factor and the values varied from
0 to 39.57 (Bgure 7a). It was visualized that the
slopes having an angle of 0–15° have the lower L S
values (0–5). Similarly, higher slope degree in the
study area showed a higher L S factor. Based on the
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result, it can be corroborated with the L S factor
reported by various researchers. A lower L S value
(0–8.22) for the iron ore mining areas of Jharkhand
was reported (Kayet et al. 2018) and the values
(0–20) reported by Parveen and Kumar (2012) is
comparatively low with respect to values reported
in the present Bndings. L S factor values ranging
from 0.07 to 58.59 was reported from the southern
Western Ghats river basin (Thomas et al. 2018).
Similar L S values from the present Bndings ranging
from 0 to 44.62 were reported by Das et al. (2018)
from the hilly terrain of Arunachal Pradesh.
However, much higher L S values (0–107.28) were
reported by Demirci and Karaburun (2012) than
the values resulted from the present study.
3.4 Cover management factor (C M)
C M factor is another significant variable after the
L S factor and it is expressed as an eAect of cropping
and management practices upon soil surface. Sentinel-2 derived NDVI was used to quantify the C M
factor and its spatial variability. The NDVI is an
important indicator as it shows the type of cover on
the soil layer. Calculated C M factor ranges from 0
to 1.28 (Bgure 7b). The lower value represented the
vegetation cover and higher values represent the
rocky area or barren land covered in the study
region.

Figure 7. Slope length (a) and cover management (b) factor map of the study area.
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corroborates with the values in the present study
(Pradeep et al. 2014). However, Bndings of the
present study reveal quite lower soil erosion rate
when compared with the Bndings of Alexakis et al.
(2013) from the island of Cyprus (0–6394 t/ha/Yr).
Predicted average soil erosion for the different
LULC classes revealed higher (417.54 t/ha/Yr) soil
erosion rate for the sandy areas followed by rocky
mountain (214.82 t/ha/Yr), dense forest (180.50
t/ha/Yr) and settlement (29.62 t/ha/Yr) areas
(table 3), and this could be mainly due to
the intensity of management practices over the
particular land use and land cover type.

3.7 Soil erosion hazard assessment
Figure 8. Map showing spatial variability of support practice
factor in the study area.

3.5 Support practice factor (P S)
Spatial distribution of conservation support
practice on soil loss ranges between 0 and 1
(Bgure 8). The lower P S value represents the
availability of higher conservation practice on the
soil in case of settlement, and higher values of P S
represent lesser non-availability of conservation
practice. Conservation support practice in the
present study showed that the northern part was
covered by the rocky mountain, snow-covered
areas and have the higher P S value of 1. Also, the
dense forest and barren land area showed the P S
value of 1 as no management supportive practices
were absent in the region. The land covered by the
water was not included in the study as it has the P S
value of 0 (table 2).
3.6 Estimation of soil erosion rate
The spatial modelling of annual soil erosion rate
was estimated integrating all the Bve RUSLE factors with the geo-statistical techniques. The predicted average soil erosion rate was 124.21 t/ha/Yr
and the values ranged between 0 and 5817.17 t/ha/
Yr (Bgure 9). The predicted erosion rate for the
study area is high as compared to the values
(0–87.62 t/ha/Yr) reported by Das et al. (2018)
from hilly terrain of Tirap District, 0–61.4 t/ha/Yr
from Himalayan watershed (Sheikh et al. 2011) and
134 Mg/ha/Yr from Kenyan highland (Angima
et al. 2003). A similar range of annual soil erosion
rate (0–4227 t/ha/Yr) was also reported which

The spatial map of soil erosion potential zone was
delineated using AHP plugin in the ArcGIS platform and RUSLE approach. The eight different
geo-environmental variables (LULC, geomorphology, slope, relative relief, drainage density, drainage frequency, lineament density, and lineament
frequency) of the study area were statistically
assessed and their inCuences on soil erosion were
analyzed through AHP technique to predict
the vulnerable soil erosion areas of the study site.
The AHP analysis starts with the analysis of different individual parameter rating by manual
assessing of the imported value. The pair-wise
comparison matrix normalizes eigenvector different feature layer is given in table 4. Normalize
eigenvector (ratings) values ranged from 0.02 to
0.20. Among different LULC classes, the majority
of the area was covered by dense vegetation having
eigenvector of 0.08. The most dominant landform
was hills and valleys of structural origin and principal eigenvector values ranged between 0.04 and
0.39 with higher eigenvector was observed for the
denudational slope (0.39) and least eigenvector for
the water body (0.04).
The slope of the study area inCuences the soil
erosion process by controlling surface Cow. Slopes
were grouped into Bve classes and it showed that
area having [35° slope angles is having maximum
eigenvector of 0.44 which decreases with the
decrease in slope angle. Hence, it is inferred that
these areas are having higher vulnerability to soil
erosion. The relative relief had also a significant
role in soil erosion process similar to that of the
slope. Pair-wise comparison of relative relief
revealed that the principal eigenvector ranged
between 0.04 and 0.36 and higher eigenvector was
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Table 2. Area statistics (ha) and predicted average soil erosion rate for different landuse
classes.
Area
LULC class

(Ha)

Agriculture land
Degraded forest
Dense forest
Grass land
Open forest
Rocky area
Sandy area
Settlement
Snow area
Water body

2321
42026
216983
30332
134722
40948
684
5342
14754
3750

(%)

p

Average soil erosion
rate (t/ha/Yr)

0.47
8.54
44.11
6.17
27.39
8.33
0.14
1.09
3.00
0.76

0.5
0.8
1.0
0.9
0.8
1.0
1.0
0.1
1.0
0.0

73.59
48.27
180.50
107.54
44.34
214.82
417.54
29.62
80.89
–

Figure 9. Spatial distribution of average annual soil erosion rate in the study area.

observed for relative relief class of 1000 m per km2
and more. The pair-wise comparison of drainage
density depicted that area having higher density
showed higher principal eigenvector (0.40), thus
higher vulnerability to soil erosion. Similarly,
drainage frequency of the study area also showed a
similar trend and greater eigenvector (0.54) was
observed for [20 frequency class. Among the

various lineament density class of the study, highdensity class (2000 m per km2 and more) have the
high principal eigenvector (0.36). The lineament
frequency had a similar trend to that of lineament
density and greater eigenvector was observed for
[40 frequency class. The pair-wise comparison of
the different parameters was shown in table 4. The
AHP analysis of different individual parameters
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Table 3. Pair-wise comparison matrix and eigenvector (rating) of the different feature layer.

Factors
LULC

WB

DGF

DNF

GL

OF

RA

SA

STM

SNA

AL

Ratings

Water body (WB)
Degraded forest (DGF)
Dense forest (DNF)
Grass land (GL)
Open forest (OF)
Rocky area (RA)
Sandy area (SA)
Settlement (STM)
Snow area (SNA)
Agriculture land (AL)
CR

1
7
3
2
5
1
7
1
1
7
0.019

0.14
1
0.43
0.29
0.71
0.14
0.14
0.14
0.14
1.00

0.33
2.33
1
0.67
1.67
0.33
0.33
0.33
0.33
2.33

0.50
3.50
1.50
1
2.50
0.50
0.50
0.50
0.50
3.50

0.20
1.40
0.60
0.40
1
0.20
0.20
0.20
0.20
1.40

1.00
7.00
3.00
2.00
5.00
1
1.00
1.00
1.00
7.00

1.00
7.00
3.00
2.00
5.00
1.00
1
1.00
1.00
7.00

1
7
3
2
5
1
1
1
1
7

1
7
3
1
5
1
1
1
1
7

0.14
1
0.43
0.14
0.71
0.14
0.14
0.14
0.14
1

0.04
0.24
0.10
0.06
0.17
0.04
0.04
0.04
0.04
0.24

Geomorphology
Water body (WB)
Fluvial origin (FO)
Structural origin (LHV)
Structural origin (MHV)
Structural origin (HHV)
Denudation origin (DO)
CR

WB
FO
1
0.50
2
1
4
2
5
2.50
6
3
9
4.50
0.0210

LHV
0.25
0.50
1
1.25
1.50
2.25

MHV
0.20
0.40
0.80
1
1.20
1.80

HHV
0.17
0.33
0.67
0.83
1
1.50

DO
0.11
0.22
0.44
0.56
0.67
1

Slope
\ 5 (A)
5–15 (B)
15–25 (C)
25–35 (D)
[35 (E)
CR

A
1
3
5
7
9
0.036

B
0.33
1
1.67
2.33
3

C
0.20
0.60
1
1.40
1.80

D
0.14
0.43
0.71
1
1.29

E
0.11
0.33
0.56
0.78
1

0.05
0.15
0.24
0.34
0.44

Relative relief
\ 250 (A)
251–500 (B)
501–750 (C)
751–1000 (D)
[ 1000 (E)
CR

A
B
1
0.33
3
1
5
1.67
7
2.33
9
3
0.0175

C
0.20
0.60
1
1.40
1.80

D
0.14
0.43
0.71
1
1.29

E
0.11
0.33
0.56
0.78
1

0.04
0.12
0.20
0.28
0.36

Drainage density
\ 500 (A)
501–1000 (B)
1001–1500 (C)
1501–2000 (D)
[2000 (E)
CR

A
B
1
0.33
3
1
5
1.66
7
2.33
9
3
0.0348

C
0.20
0.60
1
1.40
1.80

D
0.14
0.43
0.71
1
1.29

E
0.11
0.33
0.56
0.78
1

0.05
0.14
0.22
0.31
0.40

Drainage frequency
\ 10 (A)
10–20 (B)
[20 (C)
CR

A
B
1
0.20
5
1
7
1.4
0.0022

C
0.14
0.71
1

Lineament density
\ 500 (A)
501–1000 (B)
1001–1500 (C)
1501–2000 (D)
[ 2000 (E)
CR

A
B
1
0.33
3
1
5
1.67
7
2.33
9
3.00
0.0003

C
0.20
0.60
1
1.40
1.80

0.04
0.09
0.17
0.22
0.26
0.39

0.08
0.38
0.54
D
0.14
0.43
0.71
1
1.29

E
0.11
0.33
0.56
0.78
1

0.04
0.12
0.20
0.28
0.36

Page 15 of 18 94

J. Earth Syst. Sci. (2020)129:94
Table 3. (Continued.)

Factors
LULC

WB

DGF

DNF

GL

OF

Lineament frequency
\ 10 (A)
10–20 (B)
20–30 (C)
30–40 (D)
[ 40 (E)
CR

A
1
3
5
7
9
0.0270

B
0.33
1
1.67
2.33
3.00

C
0.20
0.60
1
1.40
1.80

D
0.14
0.43
0.71
1
1.29

E
0.11
0.33
0.56
0.78
1

RA

SA

STM

SNA

AL

0.05
0.15
0.25
0.35
0.46

Table 4. Pair-wise comparison matrix of different parameters.
Factor
Parameter
LULC
Geomorphology
Slope
Relative relief
Drainage density
Drainage frequency
Lineament density
Lineament frequency
CR

Ratings

A

B

C

D

E

F

G

H

Ratings

1
0.56
1.11
0.78
0.22
0.56
0.33
0.11
0.078

1.80
1
2.00
0.70
0.29
2.50
0.60
0.33

0.90
0.50
1
1.40
0.20
0.71
1.50
0.20

1.28
0.71
1.43
1
0.40
0.50
0.43
0.50

4.50
2.50
5.00
3.50
1
1.00
0.30
0.14

1.80
1.00
2.00
1.40
0.40
1
0.60
0.10

3.00
1.67
3.33
2.33
0.67
1.67
1
0.20

9.00
5.00
10.00
7.00
2.00
5.00
3.00
1

0.21
0.12
0.23
0.17
0.08
0.13
0.08
0.03

Figure 10. Soil erosion potential zone map of the study area.
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AUC observed in the present study can be compared
with the AUC reported by 77.1% by Hembram and
Saha (2018) and 83.1% by Tehrany et al. (2017). The
accuracy assessment result of the present study
revealed that the AHP modelling approach of soil
erosion susceptibility for the study area explain the
soil erosion hazard occurrence locations in the best
possible way by considering selected physical
parameters of the selected watershed.

Table 5. Area statistics of soil erosion zone.
Soil erosion
hazard class

Cumulative soil erosion occurence
(%)

Nil
Low
Moderate
High
Critical

Area
(Ha)
6879.85
61222.90
279311.11
126271.83
10297.49

1

4. Conclusions
0.8
0.6
0.4
0.2

AUC= 84.9%

0
0

0.2
0.4
0.6
0.8
Cumulative area (%) under susceptibility

1

Figure 11. Area under curve (AUC) for validation of prediction Soil erosion susceptibility.

showed that the slope has the maximum normalized eigenvector (0.23) followed by the LULC,
relative relief, drainage frequency, and lineament
frequency with consistency ratio of 0.07 as both the
slope and type of LULC on the study region govern
the soil erosion process. The potential zone of soil
erosion hazard was delineated (Bgure 10) and categorized into Bve classes, viz., nil, low, moderate,
high and critical based on the weightage and
ranking of all the parameters included in study.
Soil erosion hazard zonation map showed that the
study area is moderate to critical vulnerable to soil
erosion which could be mainly due to the fact that
most of the study area cover is having forest cover
(table 5). Areas having high to critical soil erosion
potential were mostly located on a higher slope
with higher drainage and a greater number of lineament distributions. Soil erosion hazard zonation
area statistics showed that the moderate class has
high areal coverage (279,311 ha) followed by high
erosion hazard class (126,272 ha) and least for the
nil soil erosion class.
3.8 AUC-based model validation
The performance of the soil erosion assessment of
AHP method showed that AUC for the present study
was 0.84 (84%) (Bgure 11), which indicates a better
accuracy of the AHP model in the present study.

The results indicated that most of the drivers taken
into account of the present study are among key
factors driving to soil erosion. Higher rainfallrunoA erosivity is observed in the southeast zone of
watershed area and soil texture showed great
variability from sandy loam to gravelly sandy
loam. Soil erodibility increases with an increase in
slope angle and predicted average soil erosion rate
is 124.21 t/ha/Yr. The area having more slope,
relative relief, drainage density, and lineament
density, and frequency is highly vulnerable to soil
erosion. Low soil erosion hazard in some area could
be mainly due to the presence of forest cover.
Majority of watershed areas are prone to soil erosion thus require appropriate sustainable management practices. Further, to minimize the rate of
soil erosion it is a pre-requisite to review the
existing scientiBc management techniques and
evolve suitable conservation measures viable to
present watershed area. These activities will not
only minimize the erosion but also improve the soil
health and crops productivity thereby livelihood of
the peoples residing in the study area will also be
improved.
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