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Graphical abstract Abstract

Soil erosion poses an environmental threat to the sustainability and productivity of

the land in the Khilau Sub-Sub Watershed, Bulok Sub-Watershed, Sekampung

/“e °°”3§'§£;Lf,ff’ "““a‘/ Watershed, Pesawaran Regency. The research aimed to predict soil erosion by
implementing the RUSLE model on the Khilau Sub-Sub-Watershed, combined with

v
Sefogngayrsﬁ’gi gg:?c“oni remote sensing, GIS techniques, and field observation. This research is divided into
- Aerial and drone photography several phases, i.e. soil data collection, getting satellite maps, obtaining rainfall
- Regional admintatiation data data from 2011 to 2019, making the topographic maps of land slopes, land use, and
7 soil types, whose overlay will be made, and data analysis. The results show that the
fieasurement/collection of primary data - areas with the highest risk of erosion were located on the hills and in the areas
- GIS Maps ; ; 9
T Rain messurement gata (1 yean characterized bY steep sIope's of 1,395.48 (t/ha/year) with a slope Ie_vel of >45%
- Land use (very steep), which had the highest LS factor value and were characterized as areas
T with strong relief, i.e. hills (with a slope level of >20%). In conclusion, the erosion
Map creation: rate of the Khilau Sub-Sub Watershed is dominated by the erosion falling into the
’,Lfgﬁ’ds'u‘;iem”;? heavy category with an average erosion value of 405.17 (t/ha/year) by soil
- Soil Type Map parameter, slope inclination, vegetation cover, and climate. The most influential

- Map overlay of slope maps, land use . . . )

and soil type maps factors in this study were the climate and slopes, where the lands used as mixed

gardens and annuals had a high risk of erosion. So, it is of utmost importance to
take soil protection and conservation measures for potential erosion protection in

RUSLE model erosion factor data analysis:
- Rain data (R)
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RUSLE model
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RUSLE model erosion prediction
and land erosion map on SSD Khila
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1.0 INTRODUCTION Indonesia has a tropical climate with hilly terrain and often has

high rainfall rates. This combination poses a high risk of erosion.
Land is basically a limited natural resource which is produced The steep slope of land contributes to the increasing rate of soil
naturally and subjected to being harmed by mankind. Soil erosion erosion [4]. Indonesia's increasing population (from 211 million

is soil degradation having been one of the most important socio- people to 267 million people in the last two decades) is increasing
economic and environmental problems since it results in a pressure on the food sector, so that people use protected forest
decrease in the productivity and quality of soil resources [1,2,3]. areas with steep slopes as their agricultural lands. Hillside
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farming, which is supposed to be done carefully in order to avoid
soil erosion, is often done improperly. Sumatra Island itself is
among the areas with the highest risk of erosion [5].

On the south of Sumatra Island, Lampung Province, there is a
watershed called Khilau Sub-Sub-Watershed (Khilau SSW), the
Way Bulok Sub-Watershed, as part of the Way Sekampung
Watershed in Pesawaran. The upper reaches of the Khilau SSW
were originally a protected forest area with land slopes steep in
the majority [6]. Over time, this area changed into a cultivation
plantation of societies producing cocoa, vegetables, rice, bananas,
and coffee, with cocoa as its leading commodity. The technical
implementation of agriculture in this area does not prioritize the
importance of the geographical slopes of the land, which are its
character. Therefore, the potential of erosion and flooding to
occur increases [7].

Land erosion has a negative effect on local and downstream
communities of watersheds (DAS), so it is necessary to predict it
[8]. Numerical models play an important role in the investigation
of soil erosion. Various models of soil erosion have been
developed to assess soil loss. These models are distinguished by
complexity, data, and usage [9]. The Universal Soil Loss Equation
(USLE) was published in 1965 and revised in 1978 by Wischmeier
and Smith, is an empirical model widely used to estimate soil
erosion [10]. However, after in-depth analyses of the USLE
method and theories of hydrology and erosion, the method was
developed into the Revised Universal Soil Loss Equation (RUSLE)
method, which is the modified version of USLE, to determine the
estimation of soil loss in various parts of the world [10]. Now,
RUSLE is a soil erosion model widely used to predict soil loss on
different spatial scales. The calculation of the annual prediction of
land erosion (such as that with the RUSLE model) is limited in
thrift, representation, and reliability of data results [11]. However,
researchers around the world widely use the RUSLE model
extensively in spite of the disadvantage of taking a sample from a
complementary and large environment, which is the inability to
provide a spatial distribution of soil erosion loss [11]. The RUSLE
method can be used to predict annual land erosion since it
requires less field data than others, which are more complex
models. Parameters of the RUSLE model are easily derived from
other data sets, such as a slope inclination calculated based on a
digital elevation model (DEM) with GIS or a land use map that
derives from satellite imagery [12.13].

The application of the RUSLE model on the Khilau SSW was
supported by the data from the research results of the Capacity
Development for Implementing Rio Conventions through
Enhancing Incentive Mechanisms for Sustainable Watershed/Land
Management (CCCD) and some of the measurement results
themselves. Data from 3 nearby rain stations and one year of
direct retrieval of the field was used as multi-annual climatological
data. This study resulted in the soil erosion estimation using the
RUSLE method accompanied by GIS with the landscape
specifications mostly hilly and having steep slope inclinations in
order to provide a good basis for protective measures against
erosion and the implementation of the targeted policies. The
purpose of the study was to predict soil erosion through the
application of the RUSLE model on the Khilau SSW, accompanied
by the remote sensing, GIS technique, and field observation.

2.0 METHODOLOGY

2.1. Study Area

The research was conducted in the Khilau Sub-Sub-Watershed
(SSW), which is the headwaters of the Way Bulok Watershed, the
Way Sekampung Watershed of Pesawaran Regency. The main
river in the Khilau SSW is the Right Cong River with a river length
of 5 kilometers from the upper reaches of the watershed. The
height difference between the highest point and the lowest point
of the land is 700 meters, so that the gradient of the Khilau SSW is
15%. Administratively, it is an area of 6,280 ha, more or less [7],
while by GIS measurement, it is only about 671.68 ha. The map of
the study area was made and is represented by Figure 1.

2.2 Stages of Research

The research was conducted in several phases, which were:

1. Collection of Information and literature (desk study)

2. Collection of the necessary secondary data from the
Capacity Development for Implementing Rio Conventions
through Enhancing Incentive Mechanisms for Sustainable
Watershed/Land Management (CCCD) Team, which was the
soil data of the Khilau SSW to obtain a soil type map.

3. Obtaining data in the form of satellite maps from the
Geospatial Information Agency, which were then processed
into the map of the Indonesian landscape in Pesawaran.

4. Acquiring the data of rainfalls from 2011 to 2019 from 3
nearby rain stations; Way Gatel, Gading Rejo, and Gedong
Tataan rain stations, along with the primary data in the form
of the data of rainfalls in 2020 according to their own
measurements.

5. Creation of the topographic maps of land slopes, land use,
and soil types.

6. Analysis of the data of rainfalls, soil structure, slope
inclinations, land use, and conservation management in the
Way Khilau Sub-Sub-Watershed with GIS.

7. Creation of an overlay from the topographic maps of land
slopes, land use, and soil types.

8. Determination of the land area according to the overlay.

9. Analysis of the calculation results of land erosion.

2.3. Data Analysis

The parameters of RUSLE modified according to the factors are as
follows: the erodibility of the soil, the topography of the slope
inclinations, the cover management, and the conservation. The
factors requiring analysis encompassed the rain data and
erosivity. In order to get the value of the rainfalls in the area, the
Thiessen Polygon method from the 3 nearest rain stations; Way
Gatel, Gading Rejo, and Gedong Tataan stations, was applied. The
results were then put in tables and the calculation of rain erosivity
(R) was performed with the Lenvain equation [14.15];

R = (2.21Rt) 136 (1)

Where R is the value of rain corrosiveness, Rt is the annual
average rainfall (cm).

Soil erodibility (K) is the illustration of the resistance of soil
particles when eroded and transported due to the kinetic energy
of rainwater [16] as well as the illustration of the susceptibility of
soil or surface material to erosion, sediment transportability, and
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the rate of the runoff magnitude with certain rainfall inputs
measured under standard circumstances. K represents the soil
characteristics related to erosion in terms of the rate of soil loss
per rain-runoff [12]. The K value was calculated through the
following equation [17]:

100 K = 1.292 [2.1 M1,14 (10-4) (12-a) + 3.25 (b-2) + 2.5
(c-3)] (2)

Where K is the soil erodibility value, M is the value of
particle-sized soil texture (% dust + % fine sand) (100% clay), a is
the percentage of organic matter (laboratory), b is the soil
structure class, and c is the soil permeability class (laboratory).

The next step was to calculate the slope values of the land, with
the slope lengths (L) regarded as the lengths of the slopes
affected by erosion. The slope steepness (S) is the influence of the
inclinations of the slopes on erosion. LS represents the ratio of the
soil loss at the slope length and steepness and the soil loss on the
slope. If the slope of the land surface was steeper, the probability
of erosion in the area was greater [18]. The following is the
equation applied to the calculation of the LS values:

LS = L0.5 (0.0138+0.00965 s+0.0138 s?) (3)

Where L is the length of the slope (m) and S is the
inclination of the slope (%). The slope inclination and the value of
each class is shown in Table 1 [18].

As for the analysis of the land cover factor (CP), the C value
(crop management factor) was carried out based on the land use
map or the use of the land with the help of GIS and the table of

land use and cover values, while the P (soil conservation) value
was obtained from direct observation of the research site.

Table 1 Slope Classes

Class Slope Inclination (%)
Flat 0-8
Ramps 8-15
A Bit Steep 15-25
Steep 25-45
Very Steep >45

(Source: Arsyad, 2010)

The next analysis covered the determination of the land
obtained from the combination of the three maps (overlay). The
map was initially processed through the processing of the satellite
imagery from the Geospatial Information Agency (BIG) into the
map of the Indonesian landscape in Pesawaran with the aid of GIS
to obtain the topographic maps of soil types, slope inclinations,
and land use. With GIS, the three maps were then overlaid to
obtain the land units by type.

The next one was calculating the predictions of land erosion
with the RUSLE model, taking into account rain erosivity, soil
erodibility, and topographic factors as natural factors determining
the erosion processes or as factors of erosion susceptibility or
potential. The erosion rates were calculated using the following
equation:

EA=R.K.L.C.P (4)
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Where EA is the amount of the average soil loss per year (t/ha/th)
or (t/acre/th), R is the soil erosive factor/erosion power index, K is
the soil erodibility factor, L is the slope length and steepness
factor, C is the land cover factor, and P is the management and
conservation effort factor. After the erosion rate analysis was
conducted, it was viable to do the identification and mapping of
soil erosion-prone areas based on the land area data obtained
from the overlay of slope, land use, and soil type maps.

3.0 RESULTS AND DISCUSSION

3.1. Analysis of Rain and Erosive Data (R)

The analysis of the rain data in this study involved the data of the
daily rain from 2011 to 2019 obtained from the 3 nearby rain

stations; Way Gatel, Gading Rejo, and Gedong Tataan rain
stations, and the primary data in the form of the data of the rain
in 2020 with their own measurements. After processing all the
rain data, the data needed for erosivity (R) analysis was obtained
and is shown in Table 2.

As informed by Table 2, the highest rainfall occurred in 2013
with an average rainfall of 155.57 cm. Then, the calculation of
erosivity was carried out with the data of the monthly average
rainfalls for the last 10 years using the Lenvain formula;

R = (2.21Rt) 136
=2.21(155.57) 136
=2.115.5193 tons/ha/cm of rain

Based on the calculation results, the corrosiveness of the rain in
the Khilau SSW was 2.115.5193 tons/ha/cm of rain.

Table 2. Monthly Average Rainfalls in the Khilau SSW

Month (mm)
Year Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Total Ra;::‘f‘a)\ll
2011 278.40 136.00 137.33 147.33 110.17 36.00 38.50 102.93 7393 126.00 123.17 159.50 1469.27 146.93
2012 220.33 200.50 97.50 132.00 52.17 29.83 12.67 0.50 20.17 81.67 91.67 281.17 1220.17 122.02
2013 289.33  330.17 100.67 157.33 112.83 35.33 191.67 89.17 79.17 136.00 197.33 371.33 2090.33  209.03
2014 317.00 170.67 115.00 72.00 115.33  75.67 25.00 86.67 1.00 43.33 66.00 288.67 1376.33  137.63
2015 401.00 233.67 17633 171.33 64.33 42.33 16.00 0.33 12.33 0.00 105.33 195.67 1418.67 141.87
2016 223.00 296.00 252.33 237.67 203.00 79.00 113.33 26.00 124.33 91.67 270.00 128.00 2044.33 204.43
2017 148.00 281.33 157.00 175.67 135.33  53.67 99.33 72.33  105.33 192.67 153.50 252.67 1826.83 182.68
2018 165.00 207.33 319.67 217.67 105.33  94.00 8.67 8.33 50.00 18.00 97.00 128.67 1419.67 141.97
2019 200.93 295.33 246.83 18533  45.00 58.00 68.67 12.00 6.00 9.67 19.67 208.83 1356.27 135.63
2020 324.31 138.00 146.78 87.00 43.10 150.00 107.06 6.71 6.72 80.94 45.84 198.82 1335.28  133.53
Average 256.73 22890 174.94 15833  98.66 65.38 68.09 40.50 47.90 77.99 116.95 221.33 155.57

(Source: Processed primary data, 2022)

3.2. Soil Erodibility Factor (K)

Soil sample taken from the Khilau SSD was tested for organic
matter content in the soil laboratory. The results showed the
majority of the sample was the dystropept type with a figure
range of 1.78%-5.12%. The results of the soil laboratory test were
analyzed using permeability tables and the following values were
obtained: the land cover values (K) of the primary huts, mixed
gardens, shrubs, annuals, and rice fields were 0.13, 0.31, 0.23,
0.16, and 0.21 respectively. The values fell into the low to medium
categories. Then, the map of the soil types of the Khilau SSW was
made and is represented by Figure 2.

3.3. Length (L) and Slope (S) Factors

The analysis of the slopes in the Khilau SSW was carried out based
on the slope inclination map (Figure 3) and the area of the class of
each slope inclination is found in Table 3.

Table 3. Area of the Class of Each Slope

Class Slope (%) vaLlie S(y;;]aac)e Perc(:)tage
| 0-8 (Flat) 0.32 18.1245 2.90
I 8-15 (Hilly) 0.96 57.25 9.17
Il 15-25 (A Bit Steep) 23 142501 22.82
\% 25-45 (Steep) 6.29  276.906 44.35
\Y >45 (Very Steep) 9.56 129.626 20.76
Total 624.41 100

3.4. Land Cover Factor (CP)

The most dominant plant factor (C) has a different influence from
the conservation factor (P), so in the RUSLE method, the two
variables are separated [19]. For the Khilau SSW, the P factor was
set at 1 because in the entire watershed, no significant anti-
erosive engineering activities existed. Figure 4 shows the
distribution of the C values derived from the land use patterns
based on the interpretation of the satellite imagery in the form of
a land use map.

3.5. Determination of Land Areas by Land Use, Soil Type, and
Slope Inclination

The determination of the land areas was on the basis of the
overlay of the three maps; soil type, slope inclination, and land
use maps, in the Khilau SSW. The result was 25 land units with
their respective areas, as shown by Table 4. Figure 5 portrays the
land area map.

3.6 Land Erosion Prediction (EA)

Based on the values of the factors in the RUSLE equation, the
prediction of land erosion was calculated. The analysis of the
erosion prediction is in Table 4.

Referring to Table 4, the erosion calculation with the RUSLE
method signified that the annual average soil loss of the Way
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Khilau SSW was approximately r 265,918.64 (t/year) or at a
specific rate of 405.17 (t/ha/year).

In the table, it is clear that the large distribution is seen in the
distribution of erosion per land use type in the watershed, with
varied erosion values, from 0.19 (t/year) to 79,113.72 (t/year).
From the observation, it appears that the areas with the highest
risk of erosion were the hills and those marked with steep slopes
of 1,395.48 (t/ha/year) and with a slope level of >45% (very
steep), which led to the highest LS factor value and were
characterized as strongly embossed areas, i.e. hills (slopes >20%),

while the lowest erosion value belonged to a flat topography area
(forest) with a slope level of 0-8%. This area had an erosion
potential value of 0.09 (t/ha/th).

The review of the model parameters led to the assessment that
the highest R value resulted in the high potential for the erosion
from rainfall, the high K value indicated how easily the land
eroded [20], a minimum C value signified a land with dense
vegetation so that it was protected from erosion, while for a
maximum P (close to 1), it indicated an area without conservation.

Table 4. Area of Each Slope Class

Total
Ij:i: Land Use R Slope K LS cP ton;:a Jyr S(p;‘aac)e Erosion
ton/year
1 Forest 2115.52 0-8% 0.13 0.32 0.001 0.09 2.17 0.19
2 Mixed Garden 2115.52 0-8% 0.31 0.32 0.1 20.99 9.45 198.40
3 Paddy 2115.52 0-8% 021 032 o0.01 1.42 1.64 2.33
4 Shrubs 2115.52 0-8% 0.23 0.32 0.3 46.71 1.53 71.42
5 Annuals 2115.52 0-8% 0.16 0.32 0.4 43.33 2.34 101.52
6 Forest 2115.52 8-15% 0.13 0.96 0.001 0.26 6.60 1.74
7 Mixed Garden 2115.52 8-15% 0.31 0.96 0.1 62.96 34.43 2,167.64
8 Paddy 2115.52 8-15% 0.21 0.96 0.01 4.26 3.42 14.57
9 Shrubs 2115.52 8-15% 0.23 0.96 0.3 140.13 4.54 636.59
10 Annuals 2115.52 8-15% 0.16 0.96 0.4 129.98 6.64 863.56
11 Forest 2115.52 15-25% 0.13 2.3 0.001 0.63 23.18 14.66
12 Mixed Garden 2115.52 15-25% 031 23 0.1 150.84 92.11 13,893.95
13 Paddy 2115.52 15-25% 021 23 0.01 10.22 3.03 30.95
14 Shrubs 2115.52 15-25% 023 23 0.3 335.73 9.13 3,064.14
15 Annuals 2115.52 15-25% 0.16 2.3 0.4 311.40 13.01 4,050.83
16 Forest 2115.52 25-45% 0.13 6.29 0.001 1.73 36.22 62.65
17 Mixed Garden 2115.52 25-45% 0.31 6.29 0.1 412.51 191.79  79,113.72
18 Paddy 2115.52 25-45% 021 6.29 0.01 27.94 2.19 61.27
19 Shrubs 2115.52 25-45% 0.23  6.29 0.3 918.16 18.71 17,177.47
20 Annuals 2115.52 25-45% 0.16 6.29 0.4 851.62 27.45 23,378.28
21 Forest 2115.52 >45% 0.13 9.56 0.001 2.63 12.37 32.52
22 Mixed Garden 2115.52 >45% 0.31 9.56 0.1 626.96 119.64  75,010.96
23 Paddy 2115.52 >45% 0.21 9.56 0.01 42.47 0.36 15.12
24 Shrubs 2115.52 >45% 0.23 9.56 0.3 1,395.48 14.57 20,334.02
25 Annuals 2115.52 >45% 0.16 9.56 0.4 1,294.36 19.79 25,620.12
Total area of land units in Khilau Sub-Sub-Watershed 656.31
Amount of erosion in Khilau Sub-Sub-Watershed (ton/year) 265,918.64
Average erosion in Khilau Sub-Sub-Watershed (ton/ha/year) 405.17

In the USLE method, LS is effective if it is used for layer erosion,
and short slopes (<300 m) are not suitable for concentrated flows
or those with long slopes. This is because this model was originally
intended to predict soil erosion on slopes that tend to be flat and
homogenous (or without taking into account concave, convex, or
the combination of the two, erosion of strong relief and complex
basins) [21].

In the application of USLE, most of the time, only
homogenous slopes are given inclinations, not those in poor local
topography. Also, USLE is inapplicable to a slope length of less
than 4 meters [22]. The reason is that on a slope of that length,

the erosion is mostly groove erosion and slope erosion is often
overlooked [23]. This is in line with the predicted erosion value
obtained through the RUSLE method. It was higher than that
obtained through the USLE method, which was 55,936.76 (t/year)
or at a specific rate of 93,529 (t/ha/year) (Results of the previous
studies in the same location). With all this in mind, considering
the character of the Khilau SSW’s, the majority of which have
steep slopes, it is proven that erosion prediction values obtained
through the RUSLE model are better for the planning of the risk
management of erosion-triggered natural disasters in the region.
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4.0 CONCLUSION

In fine, from the results of the analysis of the erosion rate in the
Khilau SSW, it is known that the forms of erosion are dominated
by those categorized as heavy erosion with an average erosion
value of 405.17 (t/ha/year) by soil parameter, slope inclination,

vegetation cover, and climate.

The most influential factors

causing the erosion are the climate and slopes. The land use in the
forms of mixed gardens and annuals has the highest risk of
erosion. There is no need for soil protection and conservation
measures for potential erosion prevention in the area.
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