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Abstract: This paper aims to develop a soil loss equation used within an equatorial climate (2,300 — 6,000
mm of annual rainfall) and hilly terrain based on measured data from the experiment concerning measured erosion
outcomes, called Equatorial Soil Loss Equation (EQSLE). The equation under development should consider high
equatorial rainfall intensities and challenging topographical conditions, thus introducing the new factors —
Equatorial Rainfall Erosivity Factor (Req-factor) and Equatorial Slope Length Factor (Lg-factor). The process
included a photogrammetric method and image processing for raindrop size distribution and an experimental plot
setup for a length differential study. The final equation has the form of A=Req[ L[ !SLIKIICLIP for soil erosion
estimation in the equatorial region with the involvement slope and hilly terrain. The performance of the Rey-factor
and L.g-factor are evaluated using the experimental data, and works of literature are carried out for the results. The
formation of the two factors has addressed the challenges of high rainfall intensities and extreme terrain conditions
faced by Peninsular Malaysia and East Malaysia. In future work, more case studies on the performance of soil loss
rate prediction should be conducted to improve the overall performance of EQSLE as well as the respective factors.

Keywords: equatorial rainfall erosivity factor, equatorial slope length factor, photogrammetric method,
image processing tools.
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1. Introduction

1.1. Background

Soil erosion models are useful for predicting soil
loss and runoff rates from sites such as agricultural land
or development areas. According to Smith [1], it
provides relative soil loss information, especially in the
Erosion and Sediment Control Plan (ESCP), and guides
government policy and soil and water conservation
strategy. Various soil erosion models are currently
applicable around the globe, including the Water
Erosion Predict Project (WEPP) [2], Griffith University
Erosion System Template (GUEST) [3], the European
Soil Erosion Model (EUROSEM) [4], Limburg Soil
erosion Model (LISEM) [5]. Although many soil
erosion models had been developed with related
experiments in the early 1900s, the models were
limited to explore a broader region. The data collected
for the models were based on local conditions and the
data are only applicable to local conditions with respect
to the soil erosion models.

The limitations of soil loss models were further
improved by introducing the ideas of soil loss factors
that act as the vital fundamentals of soil loss processes.
The soil loss factors have been compounded and form
the soil loss equation. The parameters that influence
erosion that considers are rainfall, slope length, slope
steepness, vegetation cover, soil properties and erosion
control methods [1]. Various researchers have
examined the revolution and improvement of the soil
loss equation since the late 1900s. Different versions of
the soil loss equations have been developed and
published, including Universal Soil Loss Equation

(USLE) [6] and Revised Universal Soil Loss Equation
(RUSLE) [7].

The soil loss equations are developed empirically
using massive field data and concluded in an equation.
According to [8], the developed equation is expected to
provide a reliable estimation of soil erosion; some
researchers (the authors of studies [9-12]) have
attempted to evaluate the equation, but very few
conclusions could be drawn on the overall accuracy of
the equation. The authors of [13-15] also suggested that
the soil erosion equation tends to underestimate soil
erosion on rangeland plots. Their findings assume that
the performance of soil loss equations is often
influenced by climate and topographical conditions.
The soil loss equations developed locally would have
more impact on soil erosion prediction than the direct
application of soil loss equations from the other region.

1.2. Problem Statement

Two of the main parameters that highly influence
the soil erosion outcomes are the rainfall erosivity
index and the topographical condition of the site. The
nature formation of the topographical conditions in
Malaysia, especially in East Malaysia (Sarawak and
Sabah) is unique with many high terrains with critical
slopes. The hilly topography of Sarawak has been
supported by [16] and [17]. A few locations around
Peninsular Malaysia and East Malaysia had been
previously studied on their soil erosion condition and
assessment on soil erosion risk as shown in Table 1 and
the severity of soil erosion has been classified into Low,
Moderate, High and Critical according to [18].

Table 1 Soil erosion assessment at highlands locations in Malaysia

Source Location

Soil Erosion Rate, ton ha™ yr™

Soil Erosion Risk

[19] Tasik Chini Catchment, Pahang
[20] Tikolod, Sabah
[18] Mukim Hulu Telom, Cameron Highlands
[21] Batu Kayu, Hitam, Johor Bahru
Mukim Bringchang, Cameron Highlands
Mukim Ringlet, Cameron Highlands

111.4 High

303.1 Critical
327.0 Critical
678.0 Critical
488.0 Critical
365.0 Critical

Climate conditions in Malaysia experience high
rainfall intensity throughout the year, and studies have
shown that approximately 2,300 — 6,000 mm of annual
rainfall can be collected in Peninsular Malaysia and
East Malaysia [22, 23]. It could be higher during the
monsoon; especially during the North-East Monsoon
(November to March) and South-West Monsoon (May

to September) [24]. Malaysia is located between the
latitudes of 1°N and 7°N that fall within the definition
of “Sub-tropical” or “Equatorial Region” and
experiences mainly equatorial climate with high
rainfall intensity [25, 26]. Table 2 shows the
comparison of mean annual rainfall and rainfall
intensities in different regions of the world and Fig. 1.3
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shows the Képpen-Geiger climate classification world

map [27].

Table 2 Mean annual rainfall and rainfall intensity at different regions

Region Latitude Mean Annual Rainfall (mm)  Rainfall Intensity (mm/hr)  Sources
Polar 66.5° - 90°N <600 01-11 [34]

66.5° - 90°S [35]
Temperate 35°-66.5°N 200 - 2000 1-75 [36]

35° - 66.5°S [37]
Sub-tropical  23.5° - 35°N 100 - 2500 1-150 [38]

23.5°-35°S [39]
Tropical 5°-23.5°N 1000 — 4000 25-175 [38]

5°-23.5°S [39], [40]
Equatorial 0°-5°N 2000 — 6000 49 — 200 [38]

0° - 5°S [41]

These two crucial erosion parameters have

highlighted a need to develop a suitable soil loss
equation that would assure the accuracy of the
prediction of erosion rate under equatorial climate and
critical terrain faced in Peninsular Malaysia and East
Malaysia. This study develops a soil loss equation used
within an equatorial country like Malaysia, based on
measured data from experimental soil plots and
equatorial climate data with respect to measured
erosion outcomes, which is called Equatorial Soil Loss
Equation (EQSLE).

2. Methodology

The methodology of this study involves several
different experimental procedures to determine the new
formation of Equatorial Rainfall Erosivity Factor (Req

factor) and Equatorial Slope Length Factor (L.q-factor).

The experiments focus on the properties of equatorial
rainfall, especially on the high rainfall intensity
properties and its impact on the ground that initiates
soil erosion processes. Different slope lengths are
designed to study the changes in soil erosion outcomes
based on different slope length, thus proceeding to the
formation of the Leg-factor. The selected site was
located in Malaysia, Kuching, in Sarawak, a city with a
tropical rainforest climate [28, 29]. It is approximately
2.46 km from Swinburne University of Technology
Sarawak Campus with a coordinate of 1°32” 47.99” N,
110° 22° 26.37” E (Fig. 1). A standard tipping bucket
rain was installed onsite to collect rainfall data,
duration, and daily rainfall. The data were monitored in
the real-time experiment.
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Fig. 1 Locality map

2.1. Setup of Experimental Soil Plots

Experimental soil plots (Fig. 2) with different plot
lengths were constructed with three dimensions 1 x 1
m plot, 1 x 2 m plot, and 1 x 3 m plot. The structures
and dimensions were designed to adequate height to
collect runoffs. An angle of 22.78° from the horizontal
was designed for all three plots. The purpose of the
design is to ensure that the runoff during low rainfall
intensity storm events. Other than consistent runoffs, a
constant value for the slope angle would help fix the
value for Slope Steepness Factor (S-factor). The soil
sample used for the experiment falls under the
definition of homogenous topsoil with no addition of
sand or organic materials. The soil sample was tested
for its particle size distribution and soil properties. The
tested information could be applied to calculate Soil
Erodibility Factor (K-factor). A constant soil type
would help fix a constant K-factor value throughout the
experiment. The soil's surface loaded in the test bay
would keep it bare to simulate similar conditions for
the Cover Management Factor (C-factor). No
additional soil erosion protection procedures are taken
on the experimental plot to keep constant for the
Support Practices Factor (P-factor).

! Soil Plot
1000mm i (imx2m)

Wooden |
Structures !

Fig. 2 Experimental plot setup

2.2.Setup of Raindrop Photogrammetry

The setup of raindrop photogrammetry is shown in
Fig. 3. A professional DSLR camera (Sony a6000)
captured the natural rainfall droplet distribution.
Suitable adjustments on camera settings (ISO, aperture,
shutter speed, focal length) were performed during the
photo shooting process to produce sharp images of
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raindrop sizes. A larger number of raindrop
photographs were taken for the individual rainfall
events to capture representative raindrop distribution
patterns. A customized rainfall photobooth with a dark
background was fabricated to capture the individual
droplet sizes during a rainfall event. A customized
coding script program processed the selected images,
including the droplet image, and was run in MATLAB
for image segmentation. The processed images
provided the information on raindrop count; drop
diameter, drop area, drop perimeter and coordinates of
the raindrops and the numeral data were extracted and
subsequently categorized into several intervals for
raindrop size distribution analysis. The raindrop size
distribution of a specific rainfall event would be scaled
to the size of a storm event to analyze the overall
distribution of kinetic energy in the rainfall event. The
determination of the raindrop energy would be based

on a similar fundamental as the kinetic energy equation.

The Reg-factor equation is developed from the
fundamentals of the kinetic energy equation.
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Fig. 3 Raindrop photogrammetry setup and flowchart for raindrop
data collection process

After the images were removed from the
experimental site, photos with clearer resolution and
clarity were selected and processed using image
processing tools in MATLAB. The image processing
procedures consisted of a few stages of image
conversion, as shown in Fig. 4. It was adjusted and
cropped to the ideal size from the original image to
process the image in a smaller file size, thus increasing
the processing speed in MATLAB. The cropped image
was processed into a grayscale image, colored image,
labeled image, and binary image. The complete
analysis is carried out in MATLAB and the outputs are
extracted including the number of blobs, k, mean
intensity (pixel), areas of blobs (pixel), the perimeter of
the blobs (pixel), the centroid of detected blobs in x
and y coordinates (pixel) and the diameter of the blob
(pixel). The obtained information is converted to an S.1.
unit based on the image properties during the
photographic process. The converted information has
proceeded for the determination of raindrop size
distribution. The raindrop size distribution of the
images is co-related with the rainfall intensities
recorded by the rain gauge. All the collected
information is then compiled and calculated into the

new rainfall factor (Equatorial Rainfall Erosivity Factor,

Req-factor).

..
|
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Fig. 4 Image processmg for raindrop size distribution
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3. Model Description and Formation

The research methodology focuses on developing a
new soil loss equation called the Equatorial Soil Loss
Equation (EQSLE). Some key determining factors have
been considered during the research planning stage
throughout the development process. Rainfall Erosivity
Factor (R-factor) and Slope-Length Factor (LS-factor)
are the main factors for the EQSLE. Both factors had
dominated the soil erosion estimation with equatorial
climate characteristics and the unique topographical
conditions in the Borneo Highlands. The experiments'
expected output includes rainfall intensity, soil loss rate,
runoff coefficients, raindrop size distribution, particle
size distribution, and other related analyses. The
formation of EQSLE includes Equatorial Rainfall
Erosivity Factor (Req-factor), Equatorial Slope Length
Factor (L.q-factor), Soil Erodibility Factor (K-factor),
Crop Management Factor (C-factor) and Support
Practices Factor (P-factor). The general framework for
forming the equation is shown in Fig. 5.

‘ Formation of Soil Loss Equation ‘

I
! l l l l l
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‘ Equatorial Soil Loss Equation (EQSLE) ‘

Fig. 5 Equation development framework

3.1. Equatorial Rainfall Erosivity Factor (Req-
Factor)

The relationship between rainfall kinetic energy and
rainfall intensity is crucial and affects the prediction of
soil loss. In this study, the analysis of rainfall Kinetic
energy begins with the properties of rainfall patterns
during a storm event. The rainfall patterns include
raindrop size distribution and raindrop sizes that lead to
the estimations of the impact of raindrops on the
surface ground. MATLAB was used to analyze the
raindrop size properties and distribution patterns to
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determine the relationship between rainfall kinetic
energy and rainfall intensities. The rainfall photograph
calibration was carried out to determine the raindrop
capturing and analyzing process's performance.
Optimization and conversion of raindrop size from the
captured image to actual sizes must calculate raindrop
sizes and distribution for specific rainfall intensities.
Fig. 6 illustrates the flowchart for the formation of Reg-
factor for rainfall intensities available throughout the
experiments.
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Fig. 6 Flowchart for the formation of Req-factor

The redistribution of drop counts is an effective
procedure to show the actual drop distribution within
the storm event with reference to the captured
distribution in MATLAB. The raindrop count was
categorized according to the boundary conditions of the
group assigned. The detected drop distribution is the
expected drop distribution ratio based on the
experimental condition, and it would require scaling up
to the storm event quantity to estimate the rainfall
kinetic energy of the storm event. The volume for the
respective drop diameter groups can be determined by
fractioning the distributed ratio by the total rainfall
volume for the storm event. The determination of
rainfall volume for the respective drop diameter groups
can be accomplished using Equation (1), where Vg IS
the volume distributed to the drop diameter group
(mms), Yopistribution 1S the drop distribution from the
captured image (%), Viaintan iS the total volume of the
storm event (mm°).

Vgroup = Vrainfall X (%Distribution) (1)

The shape of a raindrop is generally assumed as
spherical. The volume of the raindrop group can then
be divided by the volume per raindrop to obtain the
number of drops for the raindrop group. The
determination of the raindrop energy would be based

on a similar fundamental as the kinetic energy equation.

The kinetic energy can be determined using Equation
).
KEdrop = E Marop * (vrerminal)z (2)

where KEgp IS the kinetic energy per raindrop (J),

Mgrop IS the mass of the raindrop (Kg), Viermina is the
terminal velocity of a raindrop (m s™).

Based on the data obtained from the experimental
trials, the relationship of total kinetic energy per
rainfall depth (E) versus rainfall intensity (ls) is
demonstrated in the kinetic energy calculation section.
For the equatorial rainfall erosivity factor (Req-factor),
the total kinetic energy per rainfall depth (E) can be
replaced with E.y to represent total kinetic energy per
rainfall depth, as measured in this study to mimic in
equatorial rainfall intensities. Rgq-factor is the
combination of variable E. (equatorial rainfall energy)
and ley (equatorial rainfall intensity), with the unit of
megajoules per hectare per millimeter of rain (MJ ha™
mm™) and millimeter per hour (mm hr™), respectively.
The final unit for Reg-factor can be expressed as MJ
mm ha™ hr'. In this study, the energy content of the
Reg-factor is plotted against rainfall intensities t0 Reg
factor derived as shown in Fig. 7.
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Fig. 7 Best fit of Req-factor vs rainfall intensity

The relationship between Ry and Eey and the
simplified equation for Reg VS leq: Can be written as
shown in Equations (3) and Equation (4), where Ry is
the equatorial rainfall erosivity factor (MJ mm ha™ hr
Y, Eeq is kinetic energy for rainfall in the equatorial
region (MJ ha™), leq is the equatorial rainfall intensity
(mm hr).

Reqt = Eeqt ' qut (3)
Roqr = 0.0338 - [3*°"° @)

Based on the chart shown in Fig. 7, the Reqt-factor
increases as the rainfall intensity increases; with
84.80% a positive linear relationship in the exponential
best fits the graph. An increase in R-factor is expected
because it is closely related to incremental in drop
counts that would contribute to a significant increment
in rain kinetic energy. The fundamentals of this new
exponential equation can be constructed using an
experimental test to simulation equatorial climate on
the rainfall intensities up to 250 mm hr.

3.2. Equatorial Slope Length Factor (L.q-Factor)
Topography is a significant factor affecting the
outcome of soil erosion processes and it is essential to
evaluate the effects of topography on erosion for soil
erosion rate estimation. Slope Length Factor (L-factor)
and Slope Steepness Factor (S-factor) affect the length.
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The research timeline and funding constrain this
experiment setup, so it is only available for one fixed
angle (22.78°) in this experiment works. It is
highlighted that it is specially focused on the hilly
terrain commonly faced in Sarawak (>252° slope
steepness) and provides constant factors on slope
steepness to detail the changes and soil erosion
outcomes [16, 17]. The modification of the L-factor
focuses on the coefficient m, which dominates the
outcomes without changing the fundamentals of the L-
factor. Many researchers have conducted related
studies and modifications regarding the coefficient,
including [30] and the flowchart for forming Ly-factor
illustrated in Fig. 8.

Designed in the
Methodology

Collected and tested
in the laboratory

Data logger and
MATLAB analysis

Experimental Runoff Data Rainfall Data
Setup from Plots & Analysis
78S from Runoff Roq = 0.0338:x2 1519
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condition for all plots measure i

Fixed 1
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Ameasure
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eq
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N Fixed - 1Bt Lo oM the calculation
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o m= ln(Lmezsurcd)
Various Plot Length In(Lyjope/22.1)

(1m, 2m, 3m length)

L, Measured | i Repeat calculations for all slope lengths
Lyjope value

m = 1.339In(L) + 2.624

Fig. 8 Flowchart of or the formation of L-factor

The experimental setup was designed to ensure all
the necessary factors are considered, including R, K, C,
P, L, and S-factor. The runoff samples are collected
after the rainfall event and Total Suspended Solids
(TSS) is the important parameter that is taken and be
converted to the erosion rate according to the plot sizes,
rainfall intensities and rainfall volume collected. The
TSS obtained from the data is derived to measure soil
erosion rate (Amessure)- Collected rainfall data with
photogrammetric analysis are processed as measured
equatorial rainfall erosivity factor (R.q-factor). Few
soil conditions are fixed for all plots to ensure there is
no external disturbance from other factors, including
providing consistent soil type throughout the
experiments  (Soil Erodibility Factor, K-factor),
ensuring bare soil condition on every plot (Cover
Management Factor, C-factor) and no input of any soil
erosion prevention method (Support Practices Factor,
P-factor). Various plot lengths are designed for the
studies of L-factor under the other fixed factors.
Equatorial climate conditions are considered in the
designed experiment, which is Reg-factor. The findings
of the experiments would contribute to the
development of Equatorial Slope Length Factor (Leg-
factor). The previous S-factor equation developed by

Wischmeier & Smith [31] is applied to a modified
equation displayed in Equation (5) to obtain the
measured L-factor based on the experimental data,
where Lieasured 1S Measured L-factor calculated from
experimental data and Apeasured 1S Mmeasured soil erosion
rate obtained from experimental data (t ha™).

Ameasursd

Lneasured = 55— a5
Reqt'K'S'C'P (5)

A similar methodology was applied to data
collected from three different plot lengths, including 1-
m plot, 2-m plot and 3-m plot. The measured L-factor
for three different plot lengths is applied to Equation
(6) and a logarithmic relationship is plotted between
the measured L-factor and slope length.

(Liength)m
Lineasurea =
22.1 (6)

Coefficient m is the key component that dominant
the output of L-factor. The equation is re-structured to
obtain various coefficients m based on the different
conditions in Equation (7).

ln(Lmeasured)

m=—————

In(Lsope/22.1) )

Many different outcomes have been recorded and
considered throughout the experiments. The Lieasured
for all plots are recorded and the outputs for coefficient
m are plotted into a graph with respect to the rainfall
intensities, according to three different plot lengths.
This step is to determine the co-relationship of the
coefficient m and the various plot lengths. The
relationship is established into Equation (8), where Leg
is the Equatorial Slope Length Factor, Lgope is slope
length (m), mey is the coefficient for Ley-factor.

L (Lszope)m“”
eat =\ 221 ’ 8)
where Mg = 1.339 In(Lgope) + 2.624

3.3.Soil Erodibility Factor (K-Factor)

Soil erodibility factor (K-factor) is the only factor
subjected to the condition of the surface soil that
experiences erosion. [6] derived the K-factor, a soil
erodibility model that relies on the soil composition
related to the soil particles' detachment during erosion.
With the changes in surface soil types, the K-factor can
still be determined based on the composition and the
soil properties. The equation to determine the K-factor
is shown in Equation (9) and Equation (10), where K is
the soil erodibility factor (t ha hr ha™ MJ™* mm™), f, is
the particle size parameter, Py, is the percent organic
matter, Sgnc IS the soil structure index, feem is the
profile-permeability class factor, Py is the percent
clay, P is the percent silt.

K=21x10"°-f£,"*(12-PR,,)
+ 0.0325(Sspruc — 2) 4 0.025(f0rm — 3)
fp = siEt(lOO - Pciay)

(9)
(10)
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3.4. Cover Management Factor (C-Factor) and
Support Practices Factor (P-Factor)

The experimental setup for the plot is designed as
bare soil for the plots. The setting of the soil surface for
the plot is designed to be filled soil (loosen soil) with a
fairly compacted surface, which is smooth and flat on
the surface soil. The C-factor is the effectiveness of
cropping on changes in erosion rates, while the P-factor
is the ratio of soil loss with a specific soil erosion
reduction method at a specific site under study [7]. [32]
justified that the C-factor needs to be further researched
because lacking incorporation or inclusion of some
elements for the C-value. For instance, a long-term
monitoring period must determine representative C-
values. The P-factor is based on the USLE, but the data
are limited. Similarly, the determination of P-values
would require an extended monitoring period.

3.5. Equatorial Soil Loss Equation (EQSLE)

The most significant factor in this study, R-factor
and L-factor is developed experimentally based on the
climate in the equatorial region, and a new form of R-
factor and L-factor are derived, called Equatorial
Rainfall Erosivity Factor (Req-factor) in Equation (4)
and Equatorial Slope Length Factor (Lg-factor) in
Equation (8). With the combination of the other soil
loss factors, the newly formed soil loss equation is
named Equatorial Soil Loss Equation (EQSLE), as
shown in Equation (11).

Apqt = Reqt "Leqe*S"K-C-P (1)
Reoge = 0.0338 - [;,>51° @)
Lo (Lsmpe)’“eqf
eat =\ 221 '
where mg,, = 1.339 In(Lgjppe ) + 2.624 ®)

Acq IS equatorial soil loss rate (t ha™), Reqt 1S
equatorial rainfall erosivity factor (MJ mm ha™® hr')h
Le: IS the equatorial slope length factor, S is the
equatorial slope steepness factor, C is the cover
management factor and P is the support practice factor.
The value can be determined based on the requirements
and conditions of the respective factors. The sequences
of assessing the value of the soil loss factors are
demonstrated in the previous section, and similar
methods can be applied to any site for soil loss rate
estimation. The main goal of this study up to the
current progress is to derive EQSLE. The main
highlight for EQSLE is the potential of the soil loss
equation that it could perform soil loss rate estimation
with higher accuracy and more reasonable prediction
for any site located in the equatorial region.

4. Results and Discussion

4.1. Comparison of R-Factor

A comparison of R values against measured R
values was carried out between EQSLE R-factor, R
equation [6] and the R equation [7]. The graph for three

different R-value comparisons is plotted in Fig. 9. The
difference between [6] and [7] is significant as they are
the pioneers that contributing to soil erosion studies
with respect to rainfall intensities. The plotted points of
R values by EQSLE are more concentrated around the
reference line with reference to the measured R values.
This suggests that the R values by EQSLE displayed
close estimation compared to experimental data. This
finding highlights that the Req-factor by EQSLE is
applicable and practical to be practiced for any soil
erosion assessment. R equation in [6] and R equation in
[7] provided similar output against the measured R
values. The readings for R values in [6] and in [7] show
a substantially different compared to the experimental
data. A scatter plot away from the reference line
suggested that the outcomes were less reliable for the
R-factor value calculations for soil erosion assessment
events.
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Fig. 9 R-value by EQSLE, [6] and [7] versus measured R-value

4.2. Comparison of LS-Factor
Two different LS values were compared for this
study: the LS-value by EQSLE and the LS-value
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developed in [33]. It is preferable to look at the L and
S-factor into a single chart to better present the factors.
The LS chart by EQSLE and [33] is illustrated in Fig.
10 and Fig. 11. The two LS charts have different graph
behavior. The different graph behavior might be due to
the formation of the equation format initiated by the
empirical studies of the soil erosion data. Researchers
have different formats to present their LS chart, but LS-
value in [33] is typically the chart type practiced by the
current research and industrial practitioners. A high
increment of the gradient in the section from 0 m to 3-
m slope length exists. A slow increment of LS-value
with the increment of slope length and this scenario
happens for all slope steepness. This is understandable
for the sharp increment of the data because, based on
the empirical databases; such a short slope might be
challenging to have sufficient data to provide a good
output on the graph.

100
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0.1

0 5 10 15 20 25 30
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Fig. 10 LS values by [33]

1000

LS value by EQSLE

5 10 15 20 25 30
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Fig. 11 LS value chart for EQSLE

A more detailed study of shorter slope length was
conducted for Lg-factor and it is present in the LS
chart by EQSLE (Fig. 11). It is highlighted that the
value for shorter slope length is provided with more
detail than that in [33]. The authors had proposed a
limitation to the LS-factor by EQSLE. Slope lengths
shorter than 3 m could not be displayed on the graph
due to the logarithm graph behavior. Considering the
values tabulated by slope length more than 3 m, it is
recommended to adopt the value of LS-factor where
the Liope IS 3 m. The LS-value for slope length more
than 3 m and the LS-value for slope length of 3 m have
minor differences. It is more conservative to adopt a
value for the slope length of 3 m and it has been

simplified to a more precise value compared to [33].

The LS-value by EQSLE and [33] shows a
difference in value for a longer slope length and a
shorter slope length. The LS-value by EQSLE is
produced by developing local slope length data in both
experimental and numerical methods. The LS-value
[33] underestimates the suitable LS-value for the
longer slope lengths and a minor overestimation for
shorter slope lengths compared to LS-value by EQSLE.
Note that this is a comparison between LS-value for
both factors only. The overall estimation of soil erosion
still must consider the other factors, including Rainfall
Erosivity Factor (R-factor), Soil Erodibility Factor (K-
factor), Cover Management Factor (C-factor) and
Support Practices Factor (P-factor). The current
differences in one factor might be due to the
differences during the formation and development
methods of the equation. This condition would only
allow comparison the values in terms of magnitude and
differences, but it is not meant to propose a universal
solution for all soil erosion problems.

5. Conclusion

The main finding of this study focused on the
comparison results for the current soil loss equation
(EQSLE), R-factor and L-factor with other soil loss
equation. The EQSLE was compared with the Revised
Universal Soil Loss Equation (RUSLE) regarding the R
and L factors. Experimentally, the EQSLE Req-factor
should be the more acceptable for equatorial climate,
with a relatively simplified version of derivation and
would resolve rainfall intensity limitations compared to
RUSLE R-factor. This answered the objectives of this
research to experimentally derive R-factor for
equatorial climate and the equatorial soil loss equation
for the development sites in the equatorial region. The
EQSLE L.g-factor has primarily resolved the soil
erosion issue in Sarawak for hilly and mountainous
terrains with high equatorial annual precipitation. The
application of EQSLE would help improve the
accuracy of the soil loss estimation and thus reduce
additional costing and time required to provide an
optimized solution for Erosion and Sediment Control
Plan (ESCP). The challenge in this study is the limited
improvement of soil loss estimation precision under the
changes in climate condition, such as the increases in
rainfall intensities, where the EQSLE could only be
able to handle up to 250 mm hr™ of maximum rainfall
intensity. For future recommendation, the EQSLE shall
be applied in more case studies on its performance on
soil loss rate prediction. More studies on different slope
angles are recommended in future work to improve the
overall LS-factor performance for soil erosion
estimation in the equatorial region. The other soil loss
factors would be required to have more profound
research when more research data are available to
justify the derivations.
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