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ABSTRACT

Soil erosion is considered as one of the serious worldwide environmental problems due to its economic

implications. Assessment of soil erosion in the watershed is cumbersome due to its uneven pattern and
quantifying the soil loss is imperative for conservation, planning, and management of natural resources.
There are several models to estimate the soil loss. They are employed based on costs, areal extent, data
availability, time, and required accuracy. In the present study, the USLE model is used to estimate the
total soil loss in the Zuari River basin with the help of geospatial tools as the region is subjected to soil
erosion. Thematic layers of R-factor, K-factor, LS factor, C factor, and P factors are generated and
multiplied in a raster calculator to estimate the total soil loss in the basin. The soil loss in the region varies
from 0.63 to 23.05 t/ha-1/yr-1.The region is categorized as low, moderate, severe, and extreme soil
erosion areas based on the amount of soil loss. Zuari watershed is also divided into ten sub-watersheds to
estimate the soil loss in each sub-basins for better assessment of soil erosion. Results illustrate that the
soil erosion in SW6 and SW7 is higher. These basins are in the eastern part of the study area that forms
the Western Ghats with rugged and dissected, highly elevated topography, whereas the region close to the
mouth of the river with low altitude constitute SW1 and SW10 experience lesser amount of soil erosion.
These results will assist decision-makers to frame the appropriate policies to conserve soil resources.
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INTRODUCTION:

Soil is one of the vital natural resources
where plant and animal life exist and it takes
thousands of years to form. In recent years
soil erosion has become a major
environmental concern due to anthropogenic
factors such as mining, agriculture,
inappropriate land use pattern, urbanization,
constructional activities, etc. that disturbs
the topography, reduce the groundwater
level and produce economically
unproductive land (Lim et al., 2005, Bhat et
al., 2017). Soil erosion refers to the
mechanical process of detachment and
transport of earth's materials by the
influence of water or wind. Although soil
loss was always existed due to natural
factors but during the last few decades the
rate of exploitation and destruction of
natural resources has been increased owing
to an increase in population which resulted
in an accelerated rate of soil erosion
(Tingting et al., 2008). It is relatively higher
in agricultural areas and reduces agricultural
productivity (Brown, 1984). The United
Nations Environmental Program stated that
20 million ha of agricultural land is
degrading every year in the world (United
Nation Environmental Program, 1991). Soil
erosion is regarded as a natural hazard and a

major problem in mountainous regions

(Sharma, 2010). The average annual rate of
soil loss in the world is 12 to 15 t/ha/year
and 11 million km?® of the area is influenced
by erosion due to surface runoff (Bou-
imajjane & Belfoul, 2020). The average
annual soil loss in India is 15.6 t/ha-1/yr-1
(Majhi et al., 2021). In India, 5334 million
tons of soil is removed annually due to
several anthropogenic activities (Narayan &
Babu, 1983). In recent studies of global soil
erosion modeling, India ranked third in the
soil loss category after the USA and China
(Majhi et al, 2021). Spatial and quantitative
assessment of intensity and extent of soil
erosion is essential to understand the
severity of the problem and design strategies
for effective management and conservation
of natural resources (Bhat, 2017). It is not
possible to completely stop soil erosion but
it can be mitigated to some extent with the
help of GIS technology (Jazouli et al.,
2017). It is difficult to estimate accurate soil
loss due to its intensity, fluctuating rates,
and related complex processes. The
estimation of soil loss by using geospatial
technologies is helpful for sustainable
resource development as it provides better
accuracy. There are several methods to
assess soil erosion, like empirical model,
static and dynamic model, Deterministic

model, event-based model, single-point
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model, Areal Non-point Source Watershed

Environment Response Simulation
(ANSWERS), Water Erosion Prediction
Project (WEPP), Limburg Soil Erosion
Model (LISEM), European Soil Erosion
Model (EUROSEM), Soil and Water
Assessment Tool (SWAT), Simulator for
Water Resources in Rural Basins (SWRRB),
Agricultural Non-point Source pollution
model (AGNPS), etc. Among these entire
models, the USLE model is the most
extensively used at the national, state, and
local level as it considers all the
environmental and anthropogenic factors.
This model is more preferred since it
estimates the total soil loss from sheet and
rill  erosion, its widespread scientific
literature, high degree of flexibility, and
comparable results (Kinnell, 2000 &
Alewell et al, 2019). However,
inaccessibility of data remained a serious
challenge for estimating soil loss from the
USLE model. This model was first
developed in the United States to analyze
the soil loss from the agricultural fields
considering soil type, topography, rainfall,
and cropping pattern (Wischmeier & Smith,
1978). The USLE model is employed to
assess the soil loss in the present study area.

The study area is the Zuari River

watershed in Goa. The area is located

between 15°00'0" & 15° 30'0" north of
equator and between 73°45'0" & 74° 15'0"
east of Greenwich (fig.1& fig.2). Its
geographical area is about 989 km?. The
watershed is highly vulnerable to soil
erosion due to the presence of more barren
areas, fallow agricultural land, Kumeri
cultivation: a traditional tribal agriculture,
mining activities, construction activities,
infrastructural developments, deforestation,
etc. The topography of the region consists of
diverse physical features such as the
mountainous regions of the Western Ghats,
plateaus, and coastal belt and river valleys
with the alluvial plain. The length of the
river is 69.91 km and its tributaries are
Panchamal, Guleli, Netorli,

Chirkanali,

Uguem,
Cumbbhari, Kushavati,
Gocoldem, Cavorem, and Santana. The
region is situated in tropical Maritime and
Monsoon type of climate, wherein the
climate is uniform and moist throughout the
year with minor variations. The average
temperature in the study area is 28°c with a
variation of 4°C to 6° C. The region receives
heavy rainfall of about 350 cm annually
from the southwest monsoon between June
& September.
MATERIALS AND METHODS

To predict the soil loss in the study

region Universal Soil Loss Equation Model
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is employed in the GIS environment. USLE
model is a statistical technique that can be
employed over a larger area due to its
interpolation capabilities (Lufafa et.al, 2002)
It is represented as follow:

A= R*K*LS*C*P (Wischmeier & Smith,
1978)

Wherein, A is the mean annual soil loss in
metric tons per hectare per year (ton/
ha/year), R is rainfall erosivity factor
measured in megajoule millimetres per
hectare per hour per year (MJ mm
/ha/hr/year), K is the Soil erodibility factor
measured in metric ton hours per megajoules
per millimetre (t. h/ MJ/mm), LS is the
Slope length factor (dimensionless), C is the
Cover and management factor
(dimensionless), P is Support practice factor
(dimensionless).

Rainfall Erosivity (R factor)

R factor indicates the impact of rainfall
intensity, volume, and period on soil erosion
(Kadam et al., 2018). The potentiality of soil
erosion in the region is higher when the
intensity and duration of a rainstorm are
greater (Stone and Hilborn 2012). It is
defined as the product of the kinetic energy
of a storm and its maximum intensity during
a 30 min interval (Chadli, 2016). It is the
erosive force and detaching power of the

raindrops that strike the land surface

(Morgan, 1994). Isopleth map of rainfall is
generated by wusing Inverse Distance
Weighted (IDW) method (fig.3) in Arc GIS
using the Spatial Analyst tool with the help
of acquired data of rainfall from the
Meteorological dept, Panjim. A prepared
rainfall map is used as an input to estimate
the R factor map in the following equation:
R= 79+ 0.363*P (Singh, 1981)
Wherein, R is the Rainfall erosivity factor
and P is the average annual rainfall in mm. It
is expressed in MJ mm /ha/hr/year.
Soil Erodibility (K factor)

K value is defined as the "mean annual
soil loss per unit of rainfall erosivity for a
standard condition of bare soil, recently
tilled up-and-down slope with no
conservation practice" (Morgan, 2005). It
depicts the vulnerability of the region to soil
erosion and the rate of surface runoff
(Jazouli, et al, 2017). 1t is the measure of the
vulnerability of soil particles to detachment
and transport by runoff determined by
texture, pH, and organic matter content
(Chadli, 2016). It is the function of soil
properties such as silt, sand, clay, pH,
organic matter, infiltration rate,
permeability, and water holding capacity
(Kadam et al., 2018, Alewell et al., 2019). A
Greater K value indicates a higher rate of

soil erosion and vice versa (Adornado et al.,
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2009).
To calculate K factor following formulae is
used proposed by David (1988)
K= [(0.043* pH) + (0.62/0M) + (0.0082*
S) — (0.0062*C)]*Si
Wherein, pH= pH of the soil, OM= organic
matter (%), S= sand content (%), C: clay
ratio,
Clay ratio= % clay / (% sand+ % silt), Si:
silt content, Si= % silt/100
Soil samples at 66 locations in the study
area have been collected by using a random
sampling method and their properties are
identified in the laboratory of ICAR, Krishi
Bhavan, Old Goa. Maps of sand, silt, clay,
organic matter, and pH content in the soils
of collected samples from the study area are
prepared(fig.4) and wused for statistical
calculation of K factor (table no.1) in raster
calculator of spatial analyst tool.
Slope Length and Steepness (LS factor)
LS factor depicts the impact of length
and slope steepness of the topography on the
amount and intensity of soil loss by sheet,
rill, and inter rill erosion by water
(Benavidez, et al, 2018). A higher length
and steeper slope have more potentiality for
soil erosion (Stone and Hilborn 2012). The
steepness of the slope increases the flow
velocity of the water that results in a higher

rate of soil erosion (Byizigiro, 2020).

In the present study, the LS factor is
calculated by using the formula given by
Moore and Burch in 1986. It involves
estimation of flow accumulation and
percentage of slope. The formula is as
follow:

LS = [(flow accumulation *30 /22.13)0.5
*(0.065+0.045* slope
(0.0065*slope percent)]

percent) +

Flow accumulation is derived from DEM
(SRTM) data by processing it in SAGA GIS
with the help of the Spatial Analyst tool. To
create a raster of accumulated flow into each
cell, the flow direction is used from DEM
data. The slope raster is estimated from
DEM data in Arc GIS. Considering all
constant values as per the equation given by
Moore and Burch along with flow
accumulation and slope, the LS factor is
calculated in Arc GIS with the help of a
raster calculator (table no.2 & fig.5).

Cover and Management Practices (C
factor)

C factor portrays the impact of cropping
and management practices on the rate of soil
erosion and its values are determined by the
type, growth, and cover of the vegetation
(Jazouli, et al, 2017). It measures the
effectiveness of crop or vegetation cover
management to prevent soil loss, wherein

fallow land has more capabilities to erode
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the soil (Chadli, 2016). It represents the
influence of agricultural activities on soil
erosion (Majhi et al, 2021). To estimate the
C factor, the following formula is used. It is
developed by Van der Knijff ef al. (2000).
The value of the C factor varies from 0 to 1
wherein 0 represents well-protected ground
with less potentiality for soil loss and 1
denotes barren areas which are more
susceptible to soil erosion (Kadam et al.,
2018).

C =exp [a (NDVI/ B-NDVI)]

Wherein, o= 2, =1, NDVI= (band 5- Band
4)/ (Band 5+ Band 4)

NDVlI is derived from the LANDSAT 8§
satellite image.

Support Practices (P factor)

P factor is the ratio of soil loss in a
region with specific conservative practices
that modifies the water flow pattern
(Benavidez, 2018). It represents the effect of
contour ploughing and tillage practices on
soil erosion and its values range from O to 1,
wherein value close to 0 depicts better
conservation practices and 1 indicates poor
conservation practices (Jazouli, ef al., 2017).
The widely used P factor influencing tillage
practices are contour farming, Cross slope
strip cropping, Strip cropping contour, Cross
slope, and up and downslope (Stone and

Hilborn 2012). In the study area, The P

factor is estimated by considering the values
for different conservative methods used by
Gitas et al., 2009 (table no. 3).

RESULTS AND DISCUSSION

The spatial pattern of annual soil loss is
estimated for the Zuari River watershed by
integrating factors such as rainfall erosivity,
soil erodibility, slope length and steepness,
cover management and conservative
practices in Arc GIS using spatial analyst
tool which will serve as an effective tool to
frame strategies for resource planning and
management.

The results of R, K, LS, C, and P factors are
discussed below:
Rainfall Erosivity (R factor)

Research studies claim that the major
factor contributing to soil erosion is rainfall.
The rainfall distribution in the region is
uneven (fig.3) that has led to producing a
variation in the R factor. The R factor in the
study region varies from 282 to 375 MJ mm
/ha/hr/year with a mean value of 335.91 MJ
mm /ha/hr/year and standard deviation of
17.36 MJ mm /ha/hr/year. The R-value in
the present study area gradually decreases
towards the west in response to a decrease in
the amount of rainfall. The R factor is higher
in the eastern part of the region forming the
Western Ghats where the rainfall is

relatively higher representing upstream areas
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of the Zuari River. The result shows that the
study region specifically the eastern part of
the watershed is subjected to a considerable
rainfall erosivity.

Soil Erodibility (K factor)

K factor value in the basin ranges from
0.13 to 0.31 t. h/ MJ/mm and its distribution
is irregular (table no.1 & fig.4). A higher K
value (0.31 t. h/ MJ/mm) is found in areas
that are more susceptible to soil erosion and
vice versa. 32.37% of the study region has a
K value from 0.13 to 0.20 t. h/ MJ/mm
which is lesser and indicates a lower risk of
erosion, whereas, 67.63% of watershed has
K wvalue more than 0.20 t. h/ MJ/mm
represents the higher vulnerability of the
region to soil erosion.

Slope Length and Steepness (LS factor)

LS factor is the major constituent of the
soil erodibility factor, along with the nature
of rock; which also affects the erodibility.
Hard rocks are more resistant to erosion and
soft rocks are more fragile to erode (Roose,
1993). LS Factor values in the study region
vary from 0.39 to 25.42 (table no.2). These
results are grouped under 4 -categories,
wherein 96 % of the study region including
the western flat alluvial plain has an LS
factor less than 3.09 which is lesser prone to
soil erosion (fig.5). The higher LS value
from 0.39 to 25.42 is observed over 3.5% of

the watershed in the eastern part of the
region which is highly elevated and has an
abrupt change in slope and is more
susceptible to soil loss.

Cover and Management Practices (C
factor)

Land use with a high value of C factor
contributes more to soil erosion which
includes barren land, however, land covered
with vegetation is lesser susceptible to
erosion. The seasonal barren land in the
region spreads all over the study region
which has increased the value of the C factor
resulting in making the region more prone to
soil loss. C factor in the region varies from 0
to 0.93 and it is lesser in the eastern part of
the region (fig.6) due to vegetation cover
where soil is less susceptible for erosion.
Support Practices (P factor)

In the study region, no significant land
conservation practices are employed,
however, based on farming methods P factor
has been calculated for the watershed. P
factor values in the region vary from 0.27 to
05(table no. 3& fig.7). The estimated high P
factor value is in the eastern part of the
region depicts more susceptibility of the
region for soil erosion, whereas areas in the
western part with lesser P factor value have
a lesser risk of soil loss.

Assessment of soil erosion

IJBPAS, January, Special Issue, 2022, 11(1)

358



Arati PansheRar et al

Research Article

Five layers of R, K, LS, C, P factors are
overlaid and reproduced by using spatial
analyst tools in Arc GIS and a soil loss map
has been prepared for the entire basin along
with its sub-watersheds. The average annual
soil loss in the Zuari river basin is 0.43 ton/
ha/year. The highest value is estimated to be
23.05 ton/ ha/year observed in the eastern
part of the region with higher elevation and
steeper slope (table no.4 &5 &fig.8). Lower
soil loss values are found in the plain coastal
areas where the region is almost a peneplain.
By using natural breaks, the values of soil
loss are categorized as low (>0.63),

moderate (-0.63 to 2.17, severe (2.17 to

5.17), and extreme (5.17 to 23.05). Sub
basins namely SW6 and SW7 located on the
extreme eastern parts of the study region
with relatively steep slopes belong to the
very high category of soil loss. There are
two sub-watersheds namely SW1 and SW10
which are in the lower reaches of the study
region score very low in terms of soil loss as
per the USLE model. The basin number
SW1 is open, shallow, and more of flood
plain with hardly any vertical relief, and
marginalized by relatively low elevation
with broad open valley score very low value

of soil loss as per the USLE model.

Table 1: Area and the percentage of area under different erodibility class
Erodibility Class Area (km?) Area (%)
0.13-0.18 72.23 7.29
0.18-0.20 248.28 25.08
0.20-0.22 326.98 33.07
0.22-0.25 255.33 25.80
0.25-0.31 86.75 8.76
Source: Estimated by researcher

Table 2: Area and the percentage of area under different LS class
LS Class Area (kmz) Area (%)
0-0.39 739.27 74.70
0.39-1.49 147.81 14.93
1.49-3.09 68.63 6.93
3.09-5.48 28.52 2.88

5.48-25.42 5.34 0.56
Source: Estimated by researcher
Table 3: P factor values
Up and down slope 1
Cross slope 0.75
Contour farming 0.50
Cross slope strip cropping 0.37
Strip cropping contour 0.25
Source: Gitas et al., 2009
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Table 4: Soil loss, area and percentage of area under each soil loss category
Sr. No. Soil loss Erosion Area (km?) Area (%)
(t/ha/yr")
1 <0.63 Low 723.12 78.20
2 0.63 -2.17 Moderate 148.16 16.02
3 2.17-517 Severe 44.76 4.83
4 5.17 - 23.05 Extreme 8.76 0.95
Source: Estimated by researcher
Table S: Sub basin wise area under soil loss category of the study area
Sr. No. | Soil Loss (unit) <0.63 0.63 —2.17 2.17-5.17 5.17 — 23.05
Soil loss Low Moderate Severe Extreme
category
Sub basin Km’ % Km’ % Km’ | % |Km’| %
1 Swi 59.96 71.74 13.04 15.60 712 | 851 | 345 | 4.15
2 SW2 27.52 72.02 4.64 12.14 3.88 | 10.15 | 2.17 | 5.69
3 SW3 44.6 71.88 9.98 16.08 6.02 | 9.70 | 1.44 | 2.34
4 Sw4 38.36 68.63 9.47 16.94 6.23 | 11.14 | 1.83 | 3.29
5 SW5 87.16 75.45 19.25 16.66 5.81 | 5.02 | 3.29 | 2.87
6 SWe 75.72 80.69 13.16 13.85 3.96 | 422 | 099 | 1.24
7 SW7 34.36 76.16 7.24 16.04 2.72 | 6.02 | 0.79 | 1.78
8 SW8 77.84 72.99 18.2 17.06 8.08 | 7.57 | 2.52 | 2.38
9 SW9 174.93 74.53 41.18 17.54 15.02 | 6.39 | 3.56 | 1.54
10 SW10 58.45 72.99 14.40 17.98 573 | 715 | 149 | 1.88
Source: Estimated by researcher
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CONCLUSION

The Zuari River Basin is characterized
by uneven rainfall, varied types of soils,
varied topography and high relief in the east
and slope variation, differential vegetation
cover, and different land use/land cover
patterns. Soil erosion is a major concern in
the basin. The quantitative analysis of soil
erosion by using the USLE model clearly
shows that the annual average soil loss in the
Zuari watershed is 0.43 ton/ ha/year. It is
higher in the highly elevated areas of
Western Ghats with steeper slopes forming
part of the upper reaches of the river. In
addition, high rainfall and irregular barren

patches of land are responsible for high soil

Figure 8

T#£150°E

erosion in these areas. The result shows that
74.06% of the basin has a lower risk of
erosion in the western part of the study area
near the mouth and in the middle course of
the river due to a flat alluvial plain with
diminishing relief and slope, forming rolling
lowlands. 16.48% of the watershed has a
moderate risk of erosion, 7.15% severe
erosion, and 2.36% of the total area has an
extreme risk of soil erosion due to higher
elevation and steeper slopes. In general, it
can be concluded that nearly (86km?)10
percent of the study area is at high risk of
soil erosion and hence, it is high time to take
necessary measures for conservation of
further loss of soil. As mentioned above it is

not easy to completely stop soil erosion but
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it can be reduced with suitable land-use

practices and management.
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