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Abstract: Soil erosion is a severe environmental problem worldwide as it washes away the fertile
topsoil and reduces agricultural production. Nepal, being a hilly country, has significant erosion
disputes as well. It is important to cognise the soil erosion processes occurring in a river basin
to manage the erosion severity and plan for better soil conservation programs. This paper seeks
to calculate the sediment yield and maximum outflow from the Sarada river basin located in the
western hills of Nepal using the computer-graphic Intensity of Erosion and Outflow (IntErO) model.
Asymmetry coefficient of 0.63 was calculated, which suggests a possibility of large floods to come in
the river basin in the future whereas the maximum outflow from the river basin was 1918 m? s71.
An erosion coefficient value of 0.40 was obtained, which indicates surface erosion of medium strength
prevails in the river basin. Similarly, the gross soil loss rate of 10.74 Mg ha~! year~! was obtained
with the IntErO modeling which compares well with the soil loss from the erosion plot measurements.
The IntErO model was used for the very first time to calculate soil erosion rates in the Nepalese hills
and has a very good opportunity to be applied in similar river basins.

Keywords: agriculture; land use; river basin; IntErO; Revised Universal Soil Loss Equation (RUSLE)

1. Introduction

Soil erosion is regarded as one of the most pervasive environmental problems affecting agricultural
production and intimidating the sustainability of natural ecosystems and human societies [1-3].
Soil erosion threatens the sustainability of the human societies and the United Nations goals for
sustainable development that must include a land degradation neutrality and restoration program as
part of the Sustainable Development Goals (SDGs) [4,5]. It has been identified as one of the 10 major soil
threats in the world by Food and Agriculture Organisation of the United Nations and Intergovernmental
Technical Panel on Soils, Rome, Italy [6]. Due to its deleterious effects on soil fertility, vegetation,
sediment runoff and likely flood menace at a place, studies on soil erosion and sediment yield are of
paramount importance in the world [7]. Agriculture is the mainstay of the Nepalese economy as 65.6%
of the population is actively engaged in agriculture [8] but the loss of fertile soil by erosion is hindering
the agricultural development there. Owing to negative effects on the quality of life on soil and water,
soil erosion through water is of great importance to the Nepalese terrains [9]. Being a mountainous
country defined by rugged topography and elevation ranging from 60 m to 8848 m, erratic rainfall events
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mostly concentrated during monsoon, and conventional agricultural practices, Nepal is prone to several
forms of soil erosion [10]. Intense rainfall events are much more likely during the pre-monsoon season;
they often come with strong winds and hailstorms too [11]. Before the monsoon begins, croplands
are ploughed repeatedly leaving the lands bare without vegetation, which further aggravates the soil
loss [12]. Variation in the landscape, uneven rainfall distribution throughout the country, long-term land
use land cover changes, and different population pressure across the nation result in varying rates of
soil loss.

Erosion starts with the detachment of soil particles followed by their transport and deposition.
The dimension and amount of soil sediments carried increase with the increase in velocity and transport
capacity of the overland flow, whereas a decrease in the transport capacity will result in deposition
of the sediments [13,14]. Precise understanding and computation of soil loss at the watershed scale
are essential to address numerous environmental issues brought by the soil sediments collected and
transported out of the river basins [7]. Soil loss and sediment supply are important issues nowadays,
with more research undertaken to develop better soil erosion models that can better predict soil loss
at watershed and basin levels [14]. This will identify the key hot spots of soil erosion at a place so
that conservation activities can be targeted to achieve better results. Although being two of the most
accepted and widely used soil erosion models, Universal Soil Loss Equation (USLE) and Revised
Universal Soil Loss Equation (RUSLE) do not provide information on sediment delivery to river
courses [15]; they only calculate long-term soil loss at a place, so alternative erosion models that can
predict sediment yield and maximum outflow at a watershed scale is a must [13]. To quantify the
intensity of soil erosion and maximum outflow at the basin outlet, a number of soil erosion models
have been developed worldwide [16-18]. The Intensity of Erosion and Outflow (IntErO) model [19] is
employed here to calculate the soil erosion rate and maximum outflow because of its simplicity and its
ability to handle large datasets.

This paper, thus, aims to predict soil erosion intensity and maximum outflow from the Sarada river
basin of Nepal using the IntErO model. The river basin is unique as it encompasses a variety of land
use and provides a range of environmental and biological functions. However, the erosion rates have
increased through the years; the ultimate effects seen in the form of reduced agricultural productivity
in the study area. Thus, it is urgent to calculate the intensity of soil erosion at the basin outlet in the
study area so that immediate soil and water conservation activities could be imposed to alleviate the
problem. In combination with other soil erosion models, the IntErO model can be used to understand
the erosion severity in similar river basins throughout the world. To our knowledge, the IntErO model
has been implemented for the very first time in South Asia to calculate the sediment yield, and the
findings of this study would be beneficial to the land use planners for a better understanding of the
soil erosion severity and to implement proper soil and water conservation policies.

2. Materials and Methods

2.1. Study Area and Data

The study area covers Sarada river basin, located at 28°13'45” and 28°32'21” north latitudes and
81°56’33” and 82°24’13” east longitudes (Figure 1). The total area covered by the river basin is 872 km?
and encompasses four out of five physiographic regions of Nepal; Terai Plains (521-700 m), Siwalik
Hills (700-1500 m), Middle Mountains (1500-2700 m), and High Mountains (2700-2776 m). Elevation
of the study area ranges from 521 m in the south to 2776 m in the North and covers four districts of
western Nepal, namely Salyan, Rolpa, Dang, and Surkhet. The length of the watershed, O, is 208.16 km
and natural length of the main watercourse, Lv, is 64.39 km.

Data sources used were the rainfall and temperature data from the Department of Hydrology
and Meteorology, Nepal; geological map of Nepal from International Centre for Integrated Mountain
Development [20]; and the land use map prepared by Chalise and Kumar [21]; whereas secondary soil
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data as pedological map were acquired through the National Land Use Project of Ministry of Land
Management, Cooperatives and Poverty Alleviation, Nepal.
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Figure 1. Study area with the Digital Elevation Model (DEM).
2.2. Soil Erosion Model

A number of soil erosion models have been developed and tested at worldwide scale. Some
of these are Chemical Runoff and Erosion from Agricultural Management Systems (CREAMS) [22],
Areal Nonpoint Source Watershed Environment Response Simulation (ANSWERS) [23], Agricultural
Nonpoint Source Pollution Model (AGNPS) [24], Water Erosion Prediction Project (WEPP) [25],
USLE [26,27], Modified Universal Soil Loss Equation [28], and RUSLE [29]. Similarly, Sediment
Delivery Ratio (SDR) [30,31], Transport Limiting Sediment Delivery (TLSD) [23,32], Unit Stream Power
Erosion and Deposition model (USPED) [33], and Sediment Distributed Delivery (SEDD) [34] have
been used to model the sediment removal, transportation, and outflow. Employing soil erosion models
to estimate the soil erosion severity at a place is gaining popularity nowadays as field-based erosion
studies are tedious, costly, and take a considerable amount of time. Instead, soil erosion models can
assess the soil loss within a short time, provided data are available handy. We calculated the soil
loss of the study area using the IntErO and RUSLE model, and then compared those with real soil
loss observations.

2.2.1. IntErO Model

The IntErO model uses the Erosion Potential Method (EPM) in its algorithm background.
The IntErO, an upgrading of the River Basins [35] and the Surface and Distance Measuring [36]
programs, is simple in handling and can be used to calculate a large number of data with the processing
of 25 input parameters in receiving 22 result parameters (coefficient of the river basin form, A; coefficient
of the watershed development, m; average river basin width, B; (A) symmetry of the river basin, a;
density of the river network of the basin, G; coefficient of the river basin tortuousness, K; average
river basin altitude, Hsr; average elevation difference of the river basin, D; average river basin decline,
Isr; the height of the local erosion base of the river basin, Hleb; coefficient of the erosion energy of
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the river basin’s relief, Er; coefficient of the region’s permeability, S1; coefficient of the vegetation
cover, S2; analytical presentation of the water retention in inflow, W; energetic potential of water flow
during torrent rains, ZgDFl; maximal outflow from the river basin, Qmax; temperature coefficient
of the region, T; coefficient of the river basin erosion, Z; production of erosion material in the river
basin, Wyear; coefficient of the deposit retention, Ru; real soil losses, Gyear; and real soil losses
per km~2, Gyear km~2). The model considers six factors related to lithology (rocks permeability in
percent: fp, permeable; fpp semipermeable, fo, low permeability) and soil type (erodibility coefficient
Y), topographic and relief data (I coefficient), monthly mean and annual precipitation (P coefficient),
temperatures annual averages (t coefficient), land cover data (Xa coefficient), and the state of erosion
patterns and development of the watercourse network (¢ coefficient). Each of these coefficients requires
a thorough evaluation in several steps: Data acquisition, analysis, adaptation, and their integration
into the equations of the model.

The annual volume of soil detached due to soil erosion (Wyear) was calculated by the following equation:

Wyear = T x Hyear x 7t X v/ (Z%) x F 1)

where Wyear is the total annual erosion (m? year™!), T is the temperature coefficient, Hyear is average
annual rainfall (mm), Z is the erosion coefficient, and F is watershed area (km?). T is calculated using
the equation, T = v/ (/10 + 0.1), where t is the mean annual temperature (°C).

The Z coefficient, which describes the intensity of the erosion process, can be classified according
to the degree of erosion (Table 1).

Table 1. Categorization and range of Erosion Potential Method (EPM) coefficients Z [19,37].

Erosion Process Intensity ~ Prevailing Erosion Type z Mean Value Z
Deep 1.51
Excessive Mixed 1.21-1.50 1.25
Surface 1.01-1.20
Deep 0.91-1
Strong Mixed 0.81-0.90 0.85
Surface 0.71-0.80
Deep 0.61-0.70
Medium Mixed 0.51-0.60 0.55
Surface 0.41-0.50
Deep 0.31-0.40
Low Mixed 0.25-0.30 0.30
Surface 0.20-0.24
Deep
Very low Mixed 0.01-0.19 0.10
Surface

The Z coefficient is calculated using the following equation:
Z =Y x Xa (¢ + +/ Isr) (2)

where Xa is the coefficient of soil protection and is non-dimensional parameter in relation with the
vegetation cover and catchment’s land use and it varies from 0.05 to 1. The values of this parameter are
obtained by adaptation of the land use map of the Sarada river basin to the Erosion Potential Method
guidelines and according to existing values in previous studies [38—41]. Thus, values of the coefficient
Xa have been attributed to each unit of land use (Table 2).
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Table 2. Values of the factors used in the intensity of erosion and outflow (IntErO)/EPM method [19,37].

Coefficient of Soil Cover Xa Value
Areas without vegetal cover (Bare land, building area, water) 0.8-0.9
Crop fields, meadows, grasslands 0.6-0.8
Built-up areas and crops, degraded “matorral shrublands” 0.4-0.6
Arboricultural lands, Clear “matorral shrublands” 0.2-0.4
Reforested areas, dense forests, dense “matorral shrublands” 0.05-0.2
Coefficient of Soil Resistance Y Value
Marls, clays, poorly consolidated yellow sands and rocks with little resistance 1.3-1.7
Weak rock, fine clayey pelites with microbereccia beds, recent quaternary scree 1-13
Rock with moderate erosion resistance, limestone formations, fluvial terraces 0.6-1
Hard rock, sandstone of the Numidian nappe 0.5-0.6
Coefficient of Type and Extent of Erosion ¢ Value
Deep ravines, landslides, badlands areas and bank undercutting 0.8-0.9
Sheet erosion, less than 50% of the catchment area with rill and gullies erosion 0.6-0.7
20% of the area attacked by surface erosion, minor slips in stream channels 0.3-0.5
Land surface without visible erosion, mostly crop fields 0.1-0.2

Y is the coefficient of soil erodibility. It depends on the pedological and lithological characteristics
of the watershed and indicates the resistance of soils to erosion. The values of this non-dimensional
factor can be determined either by laboratory experimentation or by field measurements [36,41] and
usually ranges from 0.25 to 2. In this study, we used the soil map data and the geological map of the
study area to evaluate the Y factor. Subsequently, coefficient values were assigned to each soil type
based on the EPM guidelines and previous studies [39-44]. In the Table 2, we present the Y values
attributed to each soil type in the Sarada river basin.

¢ is a coefficient that depends on the active erosion and degree of extension of the forms of linear
erosion and mass movements. It is a factor without dimensional unit with values ranging from 0.1 to
1[19,37,45]. In our study area, this parameter is evaluated based on the erosion pattern map of the
Sarada river basin, and each type of erosion form has taken on a value of ¢ according to the guidelines
of the EPM method [39—41]. In calculating Z, Y, Xa, and ¢, the weighted average value was used to
calculate the mean value from the all the polygons with various values.

Isr is the average basin slope of the study area expressed in percentage. This parameter is extracted
from the DEM of 30 m X 30 m.

The total volume of sediment produced in the different areas of the watershed does not fully reach
downstream. A portion is redeposited in streams or other areas of the basin; therefore, it is essential to
calculate the specific real sediment production (Gyear) in m® km~2 year~! by the following equation:

Gyear = Wyear X Ru (©)]
The sediment delivery ratio was calculated using the following equation:
Ru = /(O x D)/[0.25 x(Lv + 10)] 4)

where O, D, and Lv are the perimeter, average difference of elevation, and length of the river
basins, respectively.
The maximum outflow, Qmax, was calculated using the following formula [19]:

Qmax =A xS1 xS2X W x+/(2x gxDxF) (5)

where A is river basin shape coefficient and is computed by A = 0.095 x O/Lv; S1 is the coefficient of
water permeability of the area calculated from the equation S1 = 0.4 X fp + 0.7 x fpp + 1.0 X fo; fp,
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fpp, and fo are the parts of the river basin that consist rocks of high, medium, and low permeability,
respectively; 52 is vegetation cover coefficient computed from the equation S, = 0.6 X fs + 0.8 x ft +
1.0 x fg; fs, ft, and fg are the parts of the river basin under forest (fs), grass, meadows, pastureland
and orchards (ft), and bare land, plough land, and soils without grass vegetation (fg); W is analytical
expression of inflowing water retention and is presented by the equation W = hb (15 — 22 x hb - 0.3 X
VLv); hb is torrential rain volume in meters, g is acceleration due to gravity (m s=2), D is mean height
difference of the basin in meters, and F is basin area in km?2.

2.2.2. RUSLE Model

RUSLE calculates the soil loss by a river basin using the following equation given by Renard et al. [46]:
E=RXKXLSXCxP 6)

where E is the estimated average soil erosion (Mg ha~! year‘l), R is the rainfall factor (MJ mm ha~! h~!
year‘l), K is the soil erodibility factor (t ha h ha~! MJ~! mm™1), LS are the combined slope length and
slope steepness factors (dimensionless), C is the cover management factor (dimensionless), and P is the
support practice factor (dimensionless).

R factor computes the effect of rainfall impact on soil erosion [47]. Average annual rainfall data
collected from 40 meteorological stations around the study area were interpolated using the kriging
tool in ArcGIS to prepare rainfall and R factor map using Equation (7) [48]. The kriging tool was used
because it calculates the best un-biased predictor of values at non-sampled areas [49,50].

R =385 + 0.35r @)

where r is annual rainfall in mm.

The K factor represents the soil susceptibility to detachment and erosion caused by the forces of
rainfall and runoff water [15]. K values were assigned to soil textural classes as described by Ligonja
and Shrestha [51] and Wall et al. [52].

The slope length (L) and steepness (S) factors, also called the topographic factors, represent the
effects of slope length and steepness on soil erosion, respectively. The following equations were used
to calculate the L factor [26] and S factor [53]:

L = (Cell size/22.13)™ (8)

where cell size = grid cell size (20 m for this study), m = 0.2 to 0.5 (0.2 for slopes less than 1%, 0.3 for
1-3%, 0.4 for 3-4.5%, and 0.5 for slopes exceeding 4.5%);

S =0.0138 + 0.0097 s + 0.00138 s> )

where s is the slope in per cent.

The C factor represents the impacts of cropping and related management practices on the erosion
severity of a place [29,54], whereas the P factor is defined as the ratio of soil loss with particular
support practice to the loss with row cultivation upslope and downslope [26]. The C and P values
were assigned as per the land uses [26,55,56] (Table 3).

Soil erosion experimental plots with the maize planting were also established in the same
river basin to compare the soil erosion rates computed from both IntErO and RUSLE modeling.
The experimental trial was conducted in 2017 and 2018 with a randomized complete block design with
a combination of treatments using tillage and mulch with maize plantation and bare fields.
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Table 3. C and P values for different land use land cover.

LULC C Value P Value
Agriculture 0.63 0.5
Bare land 0.09 0.7
Built up area 0.09 1
Forest 0.003 0.8
Water bodies 0 0

3. Results

3.1. Physio-Geographical and Climate Characteristics

Average annual rainfall recorded for the Sarada river basin is approximately 1000 mm with 90%
of annual rainfall concentrated during monsoon between June to September [57]. A decrease in the
annual rainfall has been experienced in the study area since 1980; the year 2004 received 175 mm
of rainfall (lowest) and the year 1981 received 1420 mm of rainfall (highest) (Figure 2). Sarada river
basin is part of the Babai river basin which is basically a hilly terrain. The slope varies from 0 to 61.89
degrees, the average being 22.56 degrees (Figure 3). The river basin has tropical monsoon climate;
average maximum and minimum temperature are recorded as 31 °C and 14 °C during summer and
winter, respectively.
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Figure 2. Variation in rainfall over the years in the Sarada river basin, Nepal.

3.2. The Geology and Soils

The geological structure of the terrain in terms of permeability and erodibility of rocks was
taken into account in this research. The Lakharpata formation, Ranimatta formation, and Kushma
formation were the dominant geological classes in the study area covering nearly 77% of the study
area (Table 4) [20].

Limestone, schist, slate, phyllite, quartzite, sandstone, dolostone, shale, and carbonates were the
major rocks found in the study area [58]. While looking at the water permeability, poorly permeable
rocks (class fo) dominates the study area (62%), whereas the semipermeable rocks (class fpp) covers
the rest. Major soil types present in the study area are the Inceptisols and Entisols with Ochric and
Umbric surface horizons.
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Table 4. Major geological units and their distribution in the study area.

Geological Class Major Rocks Present Area
km? %
Kalikot formation Limestone, schist, gneiss 2.18 0.25
Kushma formation Quartzite, chlorotic phyllite 24049  27.59

Dolostone and limestone in the lower part; limestone,
Lakharpata formation  shale and phyllite in the middle part and limestone, 21643  24.83
dolostone and few quartzites in the upper part
Lower siwalik Sandstone, siltstone and mudstone 55.28 6.34
Ferruginous quartzites, sandstones, dark shales, few 8.04 0.92
limestones, conglomerates ' '

Ranimata formation Phyllite with thin beds of quartzite 22754  26.10
Orthoquartzite in the lower part and shale, few

Melpani formation

Sangram formation limestones and orthoquartzite in the upper part 2547 2.92
Siuri formation Augen gneiss, schists and quartzites 8.94 1.03
Suntar formation Sandstones and shales 30.62 3.51
Surbang formation Carbonates 4.66 0.53
Swat formation Dark grey shales and limestones 0.95 0.11
Syangja formation Quartzite, shale, slate, dolostone, few limestones 0.41 0.05
Ulleri formation Augen Gneiss 50.62 5.81
Upper Siwalik Conglomerate, boulder beds, sand and silt beds 0.02 0.001
Total 871.64 100

3.3. Vegetation and Land Use

Agriculture and forests are the dominant land use types occupying nearly 93% of the study area
(Figure 3). Other land use land cover present in the study area are bare land, built up area, and water
bodies, covering 6.6%, 0.01%, and 0.001% of the study area, respectively. The major crops grown are
rice, maize, and millet.

Slope (degree)

- 0-5 |:| Agriculture
-5-20 s Pl o -Bareland
[ J20-30 ) i Ve B it up area

Land use

0 5 10 20 KM

Figure 3. Slope and land use map of the Sarada river basin.

3.4. Modeling Soil Loss with the IntErO

The computer-graphic IntErO model was used to calculate the sediment yield and maximum
outflow from the Sarada river basin. Data inputs and results are presented in Table 5.



Water 2019, 11, 952 9 of 15
Table 5. IntErO report for the Sarada river basin.
Input Data Abbreviation Value Unit
River basin area F 871.64 km?
The length of the watershed (@) 208.16 km
Natural length of the main watercourse Lv 64.39 km
The shortest distance between the fountainhead and mouth Lm 25.88 km
The total length of the main watercourse with tributaries of I and II class YL 227.78 km
River basin length measured by a series of parallel lines Lb 57.35 km
The area of the bigger river basin part Fv 574.04 km?
The area of the smaller river basin part Fm 297.58 km?
Altitude of the first contour line ho 600 m
Equidistance Ah 600 m
The lowest river basin elevation Hmin 521 m
The highest river basin elevation Hmax 2776 m
A part of the river basin consisted of a very permeable product from rocks fp 0
A part of the river basin area consisted of medium permeable rocks fpp 0.38
A part of the river basin consisted of poor water permeability rocks fo 0.62
A part of the river basin under forests fs 0.45
A part of the river basin under grass, meadows, pastures, and orchards ft 0
A part of the river basin under bare land, plough-land, and ground P 0.55
without grass vegetation & ’
The volume of the torrent rain hb 102.95 mm
Incidence Up 100 years
Average annual air temperature t0 16.85 °C
Average annual precipitation Hyear 995.98 mm
Types of soil products and related types Y 1
River basin planning, coefficient of the river basin planning Xa 0.52
Numeral equivalents of the visible and clearly exposed erosion process ) 0.15
Results
Coefficient of the river basin form A 0.63
Coefficient of the watershed development m 0.62
Average river basin width B 15.2 km
(A)symmetry of the river basin a 0.63
Density of the river network of the basin G 0.26
Coefficient of the river basin tortuousness K 2.49
Average river basin altitude Hsr 1429.46 m
Average elevation difference of the river basin D 908.46 m
Average river basin decline Isr 41.16 Y%
The height of the local erosion base of the river basin Hleb 2255 m
Coefficient of the erosion energy of the river basin’s relief Er 132.1
Coefficient of the region’s permeability S1 0.89
Coefficient of the vegetation cover S2 0.82
Analytical presentation of the water retention in inflow % 1.06 m
Energetic potential of water flow during torrent rains ZgDF% 3941.54 mkms
Maximal outflow from the river basin Qmax 1917.8 m3s!
Temperature coefficient of the region T 1.34
Coefficient of the river basin erosion z 0.40
Production of erosion material in the river basin Wyear 936,430.65 m? year™!
Coefficient of the deposit retention Ru 0.37
Real soil losses Gyear 346,212.39 m3 year‘1
Real soil losses per km? Gyear/km? 397.21 m3 km~2 year™!

The coefficient of the river basin form, A was calculated as 0.63; coefficient of the watershed
development, m, 0.62 and average river basin width, B, 15.2 km. Asymmetry coefficient (a) of the river
basin was calculated as 0.63 which indicates the possibility of large flood waves to come in the future
and the G coefficient of 0.26 suggests there is a low density of hydrographic network [59]. Maximum

outflow from the river basin, Qmax, for the current state of land was estimated to be 1917.8 m3 s~1.

1

The Z coefficient, estimated as 0.40, indicates the river basin belongs to III destruction category
and the strength of the erosion process is medium, and according to the erosion type, it is surface
erosion [60]. Production of erosion material in the river basin, Wyear, was calculated as 936,430.65 m3
year™!; coefficient of deposit retention/sediment delivery ratio, Ru, 0.37 whereas real soil losses were
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found to be 397.21 m® km™2 year™!, which indicates the river basin falls in V category and is a region

of very weak erosion [60].

3.5. Modeling Soil Loss with RUSLE

Spatial distribution maps of R, K, LS, C, and P factors and soil erosion are presented in Figure 4.
The average soil erosion rate of 6.42 Mg ha~! year~! was observed in the study area with the RUSLE model.

R factor r* K factor ,X

High : 578.11 g 5 High : 0.040
P g 2 | r—

B ssa00 i M Low 1 0.028

C factor

- High : 0.63

Low:0Q

LS factor
w High 1 47.71

10.01

Soil erosion
(Mg/ha/year)

o
B o5-3
[ s-12
[ 12-50
B - 50

1
o 5 10 20 KM

Figure 4. Spatial distribution of the R, K, LS, C, and P factors and soil erosion (Mg ha™! year‘l).

4. Discussion
Being a spatially explicit model is the biggest advantage of the RUSLE whereas the IntErO
calculates sediment yield collectively for the whole basin. Where the RUSLE model is more focused
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with the calculation of soil loss only, the IntErO also computes maximum outflow from the river basin,
asymmetry of the river basin and coefficients of river basin form, watershed development, river basin
tortuousness, region’s permeability, and vegetation cover; these parameters are also of paramount
importance in determining the soil loss of a landscape. A major advantage of IntErO over RUSLE is
it calculates both the sediment delivery ratio and sediment yield but RUSLE does not. RUSLE only
calculates gross soil erosion rates which may or may not include soil that is lost from the river basin as
not all the erosion materials generated get lost from the basin but sediment yield measured by the
IntErO is the actual volume of soil leaving the river basin.

Although both models use similar datasets to compute soil erosion intensity, such as the rainfall
data, soil data, elevation data, and land use map, however, there is a difference in the methodology
of how these data are utilized in both the models. The soil loss rate of 1074 m3 km~2 year~! was
obtained with the IntErO modeling, which is equivalent to 10.74 Mg ha~! year~!. The RUSLE and the
erosion plots (2017-2018), however, computed erosion rates of 6.42 and 9.5 Mg ha™! year~!, respectively.
Looking at these figures, soil erosion estimates from IntErO is closer to the actual soil loss as compared
to the RUSLE, which confirms that the IntErO is effective in estimating the erosion severity in the
Nepal Himalayas. The RUSLE model primarily calculates the soil erosion by rill and inter-rill erosion
and discards the contribution of other geomorphological processes such as mega-rill, gully, bank
and channel erosion, and landslides to soil loss [61]. This may be the reason why the RUSLE is
underestimating the soil loss in the area as compared to the IntErO and erosion plots. However, RUSLE
computes soil erosion for a relatively long period of time, so comparing soil loss from two season
erosion plot experiment may not be convincing; therefore, these erosion rates have to be verified with
real soil loss observations from long-term erosion plot measurements to have a better estimate of soil
loss in the area. Erosion plots, here, include both the maize planting and bare fields, and erosion
estimates were the average of the soil loss from them. Measured erosion rates were also within the
range of the other studies conducted in different parts of Nepal [54,62-66].

The data generated in our research are similar to other research carried out in similar mountainous
terrain where the soil erosion processes are activated by the steep slopes and human use [67,68].
The research developed by Rodrigo-Comino et al. [69] demonstrates that the soil erosion rates are
highly dependent on the agriculture use such as vineyards. But, also in grasslands, the soil erosion
rates are dominated by the type of herbs such as Antoneli et al. [70] demonstrated in Brazil, or in the
forest of Slovenia at watershed scale [71]. In the mountainous areas of the Himalayas, we found that
there are some strategies to control the soil losses, such as the intercropping of rainfed maize-wheat
rotations. Itis agriculture that is the key management aspect to control the soil losses and this is clear in
many crops: Olive [72], vineyards [69], and citrus [73,74] and this is confirmed by the quick reduction
in the soil losses after the land abandonment [75] as a consequence of recovery of the vegetation,
which is the key factor of the soil erosion [76].

5. Conclusions

This study estimated the sediment yield and maximum outflow from the Sarada river basin using
the rainfall, temperature, soil, and land use and geology data. Many factors have contributed to the
growth of erosion processes in the Sarada river basin. River basin’s characteristics in terms of geometry,
topography, and hydrology had significant impacts on soil erosion in the study area. Geological
composition of rocks and their permeability, types of land use land cover, and the level of the torrential
rains were also equally important. The soil erosion rate of 10.74 Mg ha~! year~! indicates that the river
basin is in a degraded state and needs urgent soil conservation measures to be adopted in the area.

Calculation of soil loss rate and maximum outflow through IntErO model seems to be the best
alternative for other field-based sediment yield estimation as they take substantial efforts and much time
to get similar results. For a larger watershed, this is not even possible [66]. The model, after calibration
and validation, can also be applied to similar river basins of Nepal. This study also confirms the
effectiveness of the IntErO model in assessing the soil loss in a South Asian country outside of the
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Balkan Peninsula. The outcomes from this study can help policymakers in building better soil and
water conservation guidelines to protect the soils of the river basin.
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