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ABSTRACT

Soil erosion is a significant contributor to land degradation. This study aimed to determine soil loss in a
specific sub-watershed using remote sensing and GIS. Morphometric parameters were assessed based on
linear, areal, and relief characteristics. The sub-watershed had a dendritic drainage pattern with a mean
bifurcation ratio of 2.05, indicating easier flood management due to longer durations of low peak flows.
The analysis revealed fine drainage, indicating a prevalence of soft rocks prone to erosion. The watershed
had high relief and steep slopes, characterized by hills, breaks, and low mountains. The hypsometric curve
indicated an equilibrium stage of geomorphic evolution. Morphometric parameters were grouped into
three clusters at the sub-watershed level, demonstrating spatial variability. Soil erosion is influenced by
intrinsic factors like rainfall, soil erodibility, topography, crop cover, and conservation practices. The Revised
Universal Soil Loss Equation (RUSLE) was employed using RS and GIS to estimate soil loss in the
Kurumanpuzha sub-watershed. Forest/dense vegetation were the dominant land use, followed by rubber
plantations and scrubland. The average annual soil loss was estimated at 8.00 t/ha/yr with a total soil
erosion quantity of 82,872.4 t/yr. A bare land experienced the highest soil loss, followed by scrubland. The
generated soil erosion map provides a basis for implementing measures to ensure sustainable resource
management in the watershed.
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Introduction

Natural resources have played a dynamic role in
balancing the ecosystem (Jackson et al., 1986). How-
ever, the expansion of human activities, such as ur-
banization, industrialization, and intensified agri-

cultural practices, has led to serious environmental
problems, particularly affecting the ‘soil’ and “wa-
ter” components of the biosphere (Jain et al., 2001).
Soil, being the earth’s subtle skin that supports plant
growth, is a non-renewable dynamic natural re-
source consisting of organic and inorganic material
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(Jackson et al., 1986).
Human activities have accelerated soil erosion,

which is the detachment and movement of topsoil
(Jackson et al., 1986). Soil erosion involves the de-
tachment, transportation, and accumulation of fer-
tile surface soil (Jain et al., 2001). Water and wind are
the major agents contributing to soil degradation,
with wind erosion primarily affecting regions with
lower rainfall (Guerra et al., 2020). Water erosion
occurs through the impact of raindrops and runoff,
while wind erosion affects loose soil particles on flat
and unprotected lands (Balasubramanian, 2017).
The severity of soil erosion has led to significant eco-
nomic losses, including the removal of productive
topsoil, damage to crops and crop yield, and pollu-
tion of water bodies (Flanagan et al., 2013). In India,
approximately 174 million hectares, or 53% of the
land, are affected by various land degradation prob-
lems (Alam, 2014). The average annual soil erosion
in India is estimated to be 16.35 tons per hectare,
resulting in the removal of 5,334 million tons of soil
annually (Alam, 2014).

To address soil erosion, various soil loss estima-
tion models have been developed. The Universal
Soil Loss Equation (USLE) and its revised version,
the Revised Universal Soil Loss Equation (RUSLE),
have been widely used to estimate soil erosion by
raindrop impact and surface runoff (Wischmeier
and Smith, 1978). These empirical models consider
factors such as rainfall energy, soil susceptibility to
erosion, topography, vegetation, and land manage-
ment practices (Abdo and Salloum, 2017). Geo-
graphic Information System (GIS) and remote sens-
ing technologies have been integrated with erosion
models to estimate and visualize soil loss (Renschler
and Harbor, 2002). GIS provides a powerful deci-
sion-making tool for capturing, storing, analyzing,
and visualizing spatial information (Elias et al.,
2004). By utilizing these technologies, it is possible to
quantify soil loss, identify erosion-prone areas, and
inform soil conservation and management strategies
(Panagos et al., 2015; Zhang et al., 2009; Yang et al.,
2012).

To mitigate soil erosion, various conservation
methods can be implemented. These include con-
tour bunding, contour tillage, construction of check
dams, terrace farming, checking the extension of
gullies, strip cropping, shelter belts, afforestation,
ban on shifting cultivation, controlled grazing,
mixed cropping, mixed farming, rotation of crops,
and mulching (Bhattarai and Dutta, 2007). In the

state of Kerala, which is prone to natural hazards
such as landslides and flooding, the 2018 floods sig-
nificantly increased soil erosion rates, emphasizing
the need for sustainable soil conservation measures
(Alam, 2014). The integration of the RUSLE model
with GIS is being used in the Kurumanpuzha sub-
watershed of the Chaliyar river basin in Kerala to
estimate soil loss and identify erosion-prone areas
for better policy decisions (Ganasri and Ramesh,
2016).

Materials and Methods

Description of the Study Area

The Kurumanpuzha sub-watershed is located
within Kerala’s Chaliyar river basin. It is a tributary
of the Chaliyar River and spans a length of 19.084
km. Encompassing an area of 103.6 km², it consti-
tutes about 3.55% of the entire catchment area. The
geographical coordinates range from approximately
11°17’30'’N to 11°23’0'’N and 76°7’0'’E to 76°12’30'’E.
This region displays undulating topography, featur-
ing forested hilltops, sloping valleys, and coastal
plains. The climate is humid and tropical, with an
average annual rainfall of 2419 mm. Rainfall is con-
centrated during the southwest and northeast mon-
soons. The mean annual temperature is 27.8 °C. The
Kurumanpuzha sub-watershed showcases diverse
soils and supports a variety of cultivated crops.

Software and Tools Used

ArcGIS and ERDAS IMAGINE played crucial roles
in the study, providing the necessary tools for
geospatial analysis, hydrological analysis, and im-
age processing. These software tools were instru-
mental in handling and analysing the geographical
data, enabling researchers to derive meaningful in-
sights for the study.

Collection of Remote Sensing Data

Satellite imagery from diverse sources, such as ISRO
Resourcesat, Landsat, Sentinel, and RADAR, was
acquired via the USGS Earth Explorer platform to
construct a land use land cover (LULC) map for the
study area. The interactive interface of Earth Ex-
plorer facilitated customized searches based on loca-
tion, predefined areas, shape files, and specific data
ranges, including cloud cover filtering. ISRO’s
Bhuvan platform supplied CartoSat-DEM satellite
imageries with 30-meter resolution. Selecting cloud-
free images from Bhuvan, ArcGIS was employed for



AISHWARYA ET AL 297

further processing, including pan-sharpening.
Initial elevation adjustments were made using

ArcGIS’s Fill tool to rectify flow interruptions
caused by terrain depressions. Flow direction maps
were generated through the Flow direction tool,
while the Flow accumulation tool quantified surface
flow per cell. Watershed boundaries were delin-
eated via the ArcGIS Hydrology tool, and aspect
was determined using a DEM-generated slope ras-
ter. A Landsat 8 image was pre-processed with
ERDAS IMAGINE 2015 software for LULC map-
ping. Unsupervised classification grouped the im-
age into 150 classes. Validation employed aerial and
Google imagery, along with ground truth data, as
per Alexandridis et al. (2015). The tools and tech-
niques employed facilitated comprehensive analysis
and data extraction for the study.

Estimation of Potential Soil Erosion

As USLE has limitation in estimating gross erosion,
handling complex terrain, and accounting for ero-
sion along streams without the direct impact of wa-
ter flow, present study incorporates Revised Univer-
sal Soil Loss Equation (RUSLE) model forestimation
of potential soil erosion.

Revised Universal Soil Loss Equation (RUSLE)
model

In the present study, the Revised Universal Soil Loss
Equation (RUSLE) model, as proposed by McCool
and Rendard (1990), was employed to estimate soil
loss in the study area. The RUSLE model, which
builds upon the framework of the Universal Soil
Loss Equation (USLE), is particularly applicable in
predicting soil erosion in agricultural, pasture, and
forested watersheds. It represents a software-based
enhancement of the USLE.

Using the RUSLE model, the study calculated the
spatial average soil loss per unit area (A) by consid-
ering several factors. The equation used is as fol-
lows:

A = RKLSCP
Where,
A represents the computed spatial average soil

loss per unit area (t ha-1 yr-1)
R denotes the rainfall erosivity factor (MJ mm ha-

1 h-1 yr-1)
K signifies the soil erodibility factor (ton h ha MJ-

1 ha-1mm-1)
LS corresponds to the slope length and steepness

factor (dimensionless)

C represents the cover management factor (dimen-
sionless)
P denotes the conservation practice factor (dimen-
sionless)

Preparation of map Layers for RUSLE Model

Rainfall Erosivity (R) factor was calculated via
RUSLE model, using monthly data from Karipur,
Manjeri, and Nilambur stations (2000-2020).
Nilambur station data, near the study area outlet,
were employed. R = EI30, where E is storm energy,
I30 is 30-min rainfall intensity. Fournier Index (FI)
gauges rainfall aggressiveness, while the modified
Fournier Index (MFI) by Arnoldus considers
monthly distribution. MFI and annual precipitation
at Nilambur were used to calculate the R-factor, as-
sessing erosive power of rainfall for land manage-
ment

Preparation of K Factor Layer

The soil association map of the Chaliyar river basin
was provided by the Department of Soil Survey and
Soil Conservation, Kerala. The map was geo-refer-
enced and clipped to obtain the study area map,
which was used to prepare the K factor layer. The
highest K factor series was selected from each soil
association group, and a nomograph for the USLE K
factor was used to validate the estimated values.

Creation of LS factor layer

The LS factor, which represents the combined effect
of slope length (L) and slope steepness (S), plays a
crucial role in determining total erosion in a water-
shed. To calculate the LS factor, CartoSat DEM im-
agery with a 30m resolution was utilized, along with
spatial analyst and hydrology toolkits in ArcGIS
software. The methodology described by Moore
Burch (1986) and Mitasova et al. (1996) was fol-
lowed.

Creation of C Factor Layer

In this study, an NDVI map was generated from a
Landsat 8 satellite image obtained from USGS Earth
Explorer using ArcGIS image analysis. Band 4 rep-
resented red, while band 5 represented NIR.

Creation of P Factor Layer

The P-factor values for different land uses and slope
percentages, as provided by Wischmeir and Smith
(1978), are used to create a P-factor layer based on a
land use/land cover (LULC) map. This method
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helps assess the impact of conservation practices on
soil erosion.

Estimation of Average Annual Soil Erosion using
RUSLE

The final soil erosion map for the subwatershed was
obtained by applying the RUSLE model, multiply-
ing all the raster layers such as R factor value,
K_factor, LS_factor, C_factor and P_factor using a
raster calculator by maintaining a cell size of 30m for
each layer. After integrating all the layers in ArcGIS,
environment final erosion map was obtained. The
WGS_1984_UTM_43N coordinate system and trans-
verse Mercator projection were used to create all of
the map layers.

Soil Conservation and Management Protocol for
the Watershed

The suitability of conservation measures depends on
factors such as topography, rainfall, soil characteris-
tics, and current agricultural practices. For slopes
below 2%, agronomic practices are usually suffi-
cient, while slopes between 2% and 10% can benefit
from narrow or broad-based terraces. In this study,
the erosion risk of different land uses and slope
classes was determined using ArcGIS. The soil loss
map was spatially joined with slope and land use
maps, and average soil loss values were calculated.
Based on the erosion risk and slope classes, conser-
vation measures were recommended following
guidelines from the NBSSLUP and CSWCRTI.

Results and Discussion

Digital Elevation Model (DEM)

The Kurumanpuzha sub-watershed in the Chaliyar
river basin was delineated using ArcGIS. The outlet
point of the watershed is situated at Conolly plot
near Nilambur, where the Kurumanpuzha River
joins the Chaliyar River. The total area of the water-
shed is 10,359.05 hectares. The basin length, width,
and perimeter were calculated to be 19.19 km, 9.2
km, and 60.63 km, respectively.

Slope Map

The slope map was created using the DEM of the
study area. The DEM and slope map of study area
are shown in Fig. 1 and 2 respectively. The entire
watershed was divided into five distinct slope
classes, ranging from 0% to more than 50%. Accord-

ing to the slope analysis data, around 50.67%of the
area has a slope of 10-25%, while only 5.09%of the
land has less than 3%. Slope classes listed in Table 1.

Fig. 1. DEM map of the watershed

Fig. 2. Slope map of the watershed

Land use/Land cover

Using unsupervised classification in ERDAS imag-
ine 2015 software land use land cover map of the
study area was generated (Fig. 3). The water bodies,
Forest/dense vegetation, rubber, coconut/areca nut,
cropland, scrubland, and bare land are the type of
land uses identified in the study area. The obtained
raster map was digitally vectorized and then
rasterized for spatial GIS analysis. Forest/dense
vegetated area (56.46%) were estimated as the major
land use with the Rubber plantation (20.06%). Rub-
ber, coconut and areca nut were identified as the
major crops in the study area. Some ground truth
values identified the selected areas for classifying
using the unsupervised method. Area under Differ-
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ent Land Use/Land Cover is shown in Table 2.

Modelling of Soil Erosion

Generation of maps for the RUSLE model

Rainfall Erosivity Factor (R)

Soil erosion in the watershed area is influenced by
rainfall distribution and erosivity. Due to a lack of
rainfall intensity data, the erosivity index factor (R)
was calculated using monthly rainfall amounts. The
average R value for the years 2000 to 2020 was de-
termined to be 9310.538 MJ mm ha-1 h-1 yr-1. The
findings align with previous studies, indicating a
similar erosivity factor range. The R values were
applied uniformly throughout the watershed due to
limited data availability and a small study area.

Soil Erodibility Factor (K)

From the soil map, seven textural categories were
identified, and the K values ranged from 0.25 to 0.53
t ha h ha-1 MJ-1 mm-1. The obtained K values were
consistent with the findings of Wischmeier and
Smith (1978). The soil association Vettekode-
koramala-vazhikad, with lower clay content, had a
higher K value (0.53 t ha h ha-1 MJ-1 mm-1) compared
to the Mannamkulam-kuttil-Angadipuram soil asso-
ciation, which had higher clay content and a lower K
value (0.28 t ha h ha-1 MJ-1 mm-1). K mapis shown in
Fig. 5 and values listed in Table 3.

Slope Length and Slope Steepness Factor (LS)

The obtained LS values using DEM ranged from 0 to
24.59, with a mean of 0.158 and a standard deviation
of 0.523. The LS values were influenced by the el-
evation, with higher values associated with higher
elevations. Similar methodologies were employed
by Prasannakumar et al. (2011b), Thomas et al.
(2017a, 2017b), and Praveen et al. (2012) in different
regions of Kerala, providing validation and compa-
rability to the LS values obtained in this study.

Crop Cover Management Factor (C)

NDVI maps derived from Landsat imageries were

Table 1. Slope classes identified in the watershed

Slope classes Slope values in % Area in ha % of total area

Very gently sloping 0-3 527.08 5.09
Gently sloping 3-10 2298.635 22.20
Strongly sloping 10-25 5245.74 50.67
Steeply sloping 25-50 2279.858 22.02
Very steeply sloping >50 4.97 0.04

Fig. 3. Land use land cover map of the study area Fig. 4. Drainage network map of the watershed

Table 2. Area under Different Land Use/Land Cover

Land use/Land Cover Area in ha Area in %

Forest/Dense vegetation 5849.19 56.46
Rubber 2078.64 20.06
Coconut/Arecanut 993.15 9.5
Scrub land 923.22 8.91
Crop land 279.45 2.69
Bare land 138.96 1.34
Water bodies 67.23 0.64
Built up/Urban areas 28.35 0.27
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used to calculate the C, considering changes in veg-
etation and urbanization. The exponential scaling
method was employed, resulting in C values rang-
ing from 0.0699 to 0.87. The C map was integrated
with the land use/land cover (LULC) map to deter-
mine C for different land uses. Water bodies, built-
up areas, and bare land exhibited higher C values
due to lower NDVI values, indicating less vegeta-
tion cover. Conversely, areas with vegetation had
lower C due to higher NDVI values and greater
canopy cover. The findings align with previous
studies conducted by Bayramov et al. (2013) and
Thomas et al. (2017a).

Conservation Practice Factor (P)

Most of the earlier studies related to RUSLE model
gave the P for the entire watershed as ‘1’ (Shiono et

al., 2002; Alexakis et al., 2013). The current study
considered slope and land use characteristics while
calculating the P, as Wischmeier and Smith (1978)
indicated. By combining both slope and Land use/
land cover map by using the union tool in ArcGIS,
the P map was generated. For agricultural areas, the
P was assigned based on the slope of the land ac-
cording to the guidelines by Wischmeier and Smith
(1978) and for other land uses, the P was considered
one. The P map obtained for the watershed is shown
in Fig 3.7.

Soil Erosion Risk Assessment

The RUSLE model was utilized in a study of soil ero-
sion in a Kerala watershed with a tropical climate
and steep terrain. By layering various factor maps,
including R-factor, K, LS, C, and P, the average an-
nual soil loss (A) was determined to be 8.00 tha-1yr-

Fig. 5. Spatial distribution of soil erodibility factor(K fac-
tor)

Fig. 7. Spatial distribution of P factor for the watershed

Table 3. K factor values for the Kurumanpuzha sub watershed

Soil association Soil texture Organic Organic Structural Permeability K
Sand (%) Silt (%) Clay (%) Carbon (%) matter (%) code b c factor

Mannamkulam 22 20 58 2 2 3 5 0.19
Kuttil 52 6 42 2 2 2 5 0.16
Angadipuram 58 15 27 2 1.2 2 5 0.28
Vettekode 52 6 42 2 2 4 5 0.25
Koramala 58 15 27 2 2 4 5 0.35
Vazhikad 32 34 34 2 2.76 4 5 0.37
Arimbra 43 39 18 2 2.07 4 5 0.53
karuvarakundu 22 20 58 2 2 4 5 0.23
churathinmel 32 34 34 2 2.43 4 5 0.38
Nadukani 22 20 58 2 0.83 4 5 0.24
Kalvarikunnu 52 6 42 2 2.21 4 5 0.25
Pullangod 52 6 42 2 2 4 5 0.25
Walakkad 32 34 34 2 4.22 3 5 0.29
kurumbramala 32 34 34 2 4.22 3 5 0.29
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1, resulting in a total soil erosion quantity of 82,872.4
t yr-1. The findings were consistent with prior re-
search in similar regions. The study categorized the
area into five erosion risk zones based on soil loss:
very slight (<5 t ha-1 yr-1), slight (5-15 t ha-1 yr-1),
moderate (15-30 t ha-1 yr-1), severe (30-50 t ha-1 yr-1),
and very severe (>50 t ha-1 yr-1). The majority of the
watershed (78.79%) experienced very slight erosion,
while smaller percentages were classified as slight
(16.29%), moderate (4.55%), severe (0.28%), and
very severe (0.07%) shown in Table 4.
Kurumanpuzha sub-watershed study in Western
Ghats matched earlier research. Similar soil loss re-
sults from multiple studies, attributed to rainfall and
land use differences. Geomorphology indicates
slight erosion risk, supported by RUSLE modeling
across the watershed.

Suggestion of Suitable Soil Conservation and
Management Protocol for the watershed

Table 5 illustrates the relationship between land
use/cover types and average annual soil loss. Bare
lands had the highest erosion (8.55 t/ha/yr), attrib-
uted to limited vegetation and conservation prac-
tices. Scrublands followed (5.27 t/ha/yr). Forests,
rubber, coconut/areca nut, and crop lands had
lower soil loss due to canopy cover and conservation
efforts. Table 6 combines slope and soil loss data,
showing variation across slope categories. The wa-
tershed included very gentle, gentle, strong, steep,
and very steep slopes. RUSLE model determined
average soil loss: 4.215, 6.830, 7.826, 5.248, and 1.566
t/ha/yr for respective slope categories. The study
suggests specific soil conservation measures based

on these findings:
Soil conservation measures for the watershed in-

clude: 1) For 0-3% slopes with slight erosion, use
agronomical measures like contour farming, inter-
Table 4. Soil erosion risk classification and area coverage

Soil erosion class Soil loss Area Area
(in t ha-1yr-1 ) (in ha)  (%)

Very slight <5 8162.40 78.8
Slight 10-15 1687.67 16.3
Moderate 15-30 471.632 4.5
Severe 30-50 29.60 0.3
Very severe >50 7.73 0.07

Table 5. Average annual soil loss (A in t ha-1yr-1) in differ-
ent land uses

Land use/Land cover Area ( ha) Area % A

Bare land 138.96 1.34 8.55
Forest/Dense vegetation 5849.19 56.46 3.10
Rubber plantations 2078.64 20.06 3.94
Built/urban areas 28.35 0.27 3.60
Coconut 993.15 9.5 3.35
Scrub land 923.22 8.91 5.27
Crop land 279.45 2.69 2.72

Table 6. Average annual soil loss (A) corresponds to dif-
ferent slope lands

Slope range in % Area in ha A in t ha-1 yr-1

0-3 527.08 4.215
3-10 2298.635 6.830
10-25 5245.74 7.826
25-50 2279.858 5.248
>50 4.97 1.566

Fig. 6. Spatial distribution of C factor of Kurumanpuzha
sub watershed

Fig. 8. Spatial distribution of soil erosion in
Kurumanpuzha sub watershed



302 Eco. Env. & Cons. 30 (1) : 2024

cropping, strip cropping, tillage, and mulching. 2)
For 3-10% slopes with moderate erosion, implement
mechanical measures such as contour bunds. 3)
Given annual rainfall of 2419 mm, graded bunds are
advised. 4) For 10-25% slopes, use inward sloping
bench terracing and graded bunds in areas with
lower erosion rates. 5) Slopes of 25-50% already
have terracing in place due to forest or rubber areas.
6) No specific measures are needed for slopes >50%
with negligible erosion. 7) Due to predominant
channel flow and shorter overland flow, implement
drainage line treatments, despite RUSLE not esti-
mating channel or gully erosion. 8) First-order
streams require check dams, loose stone brushwood,
and log brushwood dams. 9) Higher-order streams
benefit from permanent check dams along drainage
lines. 10) Steep slopes can be stabilized using log-
wood crib structures filled with stone or brush-
wood. 11) These measures aim to address erosion
risksand stabilize the watershed based on slope
characteristics and land cover.

tions. No measures were suggested for slopes >50%.
Drainage line treatments, including check dams and
logwood crib structures, were advised due to pre-
dominant channel flow. Future work should involve
comparing erosion using different slope maps, using
gridded rainfall and soil data, and validating the
model’s performance through field measurements.
These measures provide targeted strategies for ef-
fective soil conservation in the watershed, consider-
ing erosion classes and slope ranges.
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