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Abstract — This paper aims to improve the Topographical Factor for estimation soil loss and sediment yield in Equatorial
region. In the Revised Universal Soil Loss Equation (RUSLE), Topographical factor (LS) is derived as soil loss amount
related to gently-inclined plane surface of 72.6ft (22.13m) slope length and 9% slope gradient in United States of America
(USA). The terrains in equatorial region (especially at construction sites) comprise of more cone-shaped and pyramid-
shaped characterized with steeper slopes and shorter slope lengths as compared to agricultural lands in USA. Topographical
Factors (Tt, Tc & Tp) in equatorial region were found as function of sediment yield (SY), surface runoff velocity (RV), and
silt and clay compositions (SC). Triangular prism-shaped slope could be used as reference or indicator due to the shape is
comparable or almost similar to that of the RUSLE’s gently-inclined plane surface. Cone-shaped and pyramid-shaped
showed approximately 80% and 77%, respectively similar to triangular prism-shaped. Therefore, the Topographical Factors
for triangular prism-shaped, cone-shaped and pyramid-shaped landscapes in equatorial region: Error! Reference source not
found. (Triangular Prism), Error! Reference source not found. (Cone) andError! Reference source not found.
(Pyramid).
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1.0 INTRODUCTION

Topographical Factor (LS) in the Revised Universal Soil Loss Equation (RUSLE) can be defined as the
soil loss ratio indicated by unit plot with slope length of 72.6ft (22.13m), 6ft (1.83m) width and slope
gradient of 9% as shown in Figure 1 [1]. It is a combined index of the factors that could affect the soil
loss amount which are slope length (L) and slope steepness (S). It is a measure of the capacity of
overland flow/surface runoff to transport sediment/soil particles [2]. The LS is dimensionless, having
LS values (RUSLE experimental values normalized to 72.6-ft slope length and 9% slope gradient) equal
to or greater than zero [2]. The LS was developed by Wischmeier and Smith in 1958, together with
other factors - rainfall erosivity (R), soil erodibility (K), cover management (C) and support practice (P)
to form the Universal Soil Loss Equation (USLE) for soil loss prediction [1]. The USLE was later
revised by Renard et al. in 1997 to become the Revised Universal Soil Loss Equation (RUSLE) for
estimation of soil loss amount in agricultural areas [3].

The Revised Universal Soil Loss Equation (RUSLE) by Renard et al. (1997) can be considered as one
of the best soil loss estimates for the agricultural sector in temperate regions as it is closely related to the
amount of soil loss from agricultural lands [3,4]. The LS values in the RUSLE were evaluated from soil
loss data on thirty-seven (37) agricultural/cultivated lands in the eastern USA where the terrain is
composed of gently-inclined plane surfaces as illustrated in Figure 1 [1]. However, in equatorial
regions, terrain (especially at construction sites) is characterized by steeper slopes and shorter slope
lengths as compared to agricultural lands in the eastern USA. Since steeper and shorter hill slopes
result in higher overland flows/surface runoffs as compared to RUSLE’s 37 experimental sites in the
eastern USA, equatorial regions could experience more soil particles being washed downslope.
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Theoretically, the application of RUSLE’s LS in equatorial regions would grossly underestimate the soil
loss rate and sediment yield.

This study aims to improve the Topographical Factors for different topographical shapes to estimate soil
loss amount in equatorial regions; for instance, Tt for triangular prism-shaped, Tc for cone-shaped and
Tp for pyramid-shaped. RUSLE’s LS considers gently-inclined plane surfaces only and does not
consider Tc and Tp. RUSLE’s LS is generally applicable for four types of land, which are 1) rangeland
and other consolidated soil conditions with cover (low ratio of rill to inter-rill erosion), 2) row-cropped
agricultural and other moderately consolidated soil conditions with little-to-moderate cover (moderate
ratio of rill to inter-rill erosion), 3) freshly prepared construction sites and other highly disturbed soil
conditions with little or no cover (high ratio of rill to inter-rill erosion), and 4) thawing soils where most
of the soil erosion is caused by surface flow (Table 1). Topographical factor (LS) was revised by Jones
et al. (1996) with adopted U.S. Army Land Condition-Trend Analysis (LCTA) Data Gaps and thus
proposed LS values (Table 1) for estimation of soil loss rate [5].

Width (6 ft)
>
| i

Slope gradient (9%)

— 0=25.14°

Horizontal slope length (72.6 ft)

Figure 1: The unit plot shape of RUSLE

Table 1 LS values by previous researchers

LS Values (unitless)

No. Typical Applications Wischmeier & Renard et al. Jones et al.
Smith (1958) (1997) (1996)
1 Rangelands, pasture, other consolidated soils with 0.05-34.71 1.00
cover
Row-cropped agricultural and other moderately
2. consolidated soil conditions with little to moderate 0.05-52.70 2.00
cover 0.06 —12.90

Freshly prepared construction sites and other highly

disturbed soil conditions with little or no cover 0.05-72.15 3.00

;I;gsvwmg soils where erosion is caused by surface 0.02 - 10.59 400

(Sources: Wischmeier & Smith, 1958; Renard et al., 1997; Jones et al., 1996)

4,

In most soil erosion studies, soil loss amount is measured by sampling the sediment concentration of the
runoff collected at the end of observation plots and then determining the LS values with reference to
RUSLE’s unit plot (72.6-ft slope length and 9% slope gradient) [6]. LS values also can be determined
by using Digital Elevation Model (DEM), Open-Source C++ Program and Geographic Information
System (GIS) which were developed based on topographical shapes (gently-inclined plane surfaces) in
the eastern USA where slope length is 72.6 ft and slope gradient is 9% [7, 8, 9]. However, there are
differences between soil loss and sediment yield. Soil loss can be defined as the movement of soil
particles regardless of distance within an observation plot, while the amount of soil particles collected at
the end of an observation plot is defined as sediment yield as illustrated in Figure 2 [10]. As the smaller
soil particles such as silt and clay would be continually displaced during rainfall, soil loss cannot be
measured due to the distance of moving soil particles and smaller sizes of soil particles cannot be
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observed. Sediment yield can be measured precisely (by measuring the concentration or total
suspended solids of surface runoff) because the soil particles can be collected at the end of the
observation plot.

i
<

Observation Plot %:
:
.

Soil Loss

o : Sediment Yield

Figure 2 Soil loss and sediment yield

2.0 METHODOLOGY
2.1 SLOPE LENGTH FACTOR, L

Slope length is defined as the horizontal distance from the origin of overland flow to the point where
deposition begins as shown in Figure 3 [2, 4]. The amount of soil loss and sediment yield increase with
slope length [2, 4]. Slope length can be related to rill erosion due to surface runoff which is usually
measured in less than 400-ft although longer slope lengths of up to 1000-ft are commonly found in
United States of America (USA). Slope length can be measured on agricultural lands, while for steeper
slopes (slope gradient more than 9%), slope lengths should be converted to horizontal distance for soil
loss estimation by using the RUSLE [2, 4]. Slope lengths are commonly measured on contour maps,
however slope lengths estimated from contour maps are usually too long [2, 4]. This is because most
maps do not have the details to indicate all concentrated of runoff flow areas that accomplish RUSLE’s
defined slope length [2, 4].

Deposition i ChanneL

4
»

Figure 3 Slope profile defined in the RUSLE

The first equation published by Zingg (1940) for prediction of field soil loss which described the slope
length factor is shown below [6, 11]:
Error! Reference source not found. (2

where L is soil loss amount in mass per unit area per unit time, “Error! Reference source not found.”
is the slope length in meters, “a” and “m” are empirical coefficients. Field studies at 37 agricultural
sites in the eastern USA were carried out for soil loss data based on the slope profile illustrated in
Figure 3 with slope lengths ranging from 30 to 300-ft and slope gradients ranging between 3 to 18%
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[1]. Average slope length and slope gradient for 37 agricultural sites are 72.6-ft (22.13-m) and 9%,
respectively [1]. The slope length of 72.6-ft (22.13-m) was thus adopted/applied in the RUSLE to
estimate soil loss as shown in Equations 2 and 3 [1]:
Error! Reference source not found. (unitless, Error! Reference source not found. in feet)
(2)
Error! Reference source not found. (unitless, Error! Reference source not found. in meter)
3)
where:
Error! Reference source not found. = Horizontal slope length
Error! Reference source not found. = A variable slope length exponent, unitless.

In the RUSLE, Error! Reference source not found. is related to the ratio Error! Reference source
not found. of rill erosion to inter-rill erosion which is shown as a continuously increasing value as
stated in the Equation 4.
Error! Reference source not found. 4
where:
Error! Reference source not found. = Sediment load contributed from rill erosion,
Error! Reference source not found. = Sediment load contributed from inter-rill erosion, and the
value of Error! Reference source not found. can be computed as shown in the following equation:
Error! Reference source not found. 5)
where:
Error! Reference source not found. = Slope angle in degree.

2.1.1 SLOPE LENGTH EXPONENT, m

Slope length exponent (m) is defined as the ratio of rill erosion to inter-rill/sheet erosion. Slope length
factor (L) by several authors is dependent on the slope length exponent (m) as tabulated in Table 2. Rill
erosion is affected by surface runoff, where higher amount of surface runoff would carry more soil
particles in the rill. Inter-rill erosion happens due to the impact of falling raindrops, where larger
raindrop size comprises of larger kinetic energy to detach the soil particles. Slope length affects rill and
inter-rill/sheet erosion, where longer slope length could yield more severe rill and inter-rill/sheet erosion
[4]. The effects of rill and inter-rill erosion have been evaluated separately by using uniform-gradient
(0.2% to 60%) plots and thus classified the slope length exponent (m) values into low, moderate and
high rill/inter-rill ratio [15]. The result of slope length exponent (m) was adopted in the RUSLE’s L-
factor as shown in the Table 3.

Table 2 Slope-length exponents (m) by previous researchers

No. Researchers m Value Remark
1. Zingg, 1940 [11] 0.6
2. Musgrave, 1947 [12] 0.3
m value Slope gradient
0.2 <1% . .
3. Wischmeier & Smith, 1958 [1] 0.3 1% to 3% g“&‘éflrjﬁ' (USLSIg)II Loss
0.4 35%t045% U
0.5 >5%
4, Moore & Burch, 1986 [13] 0.4
5. McCool et al., 1987 [14] 0.5
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6. Moore & Wilson, 1992 [2] 0.6

Revised Universal Soil
7. Renard et al., 1997 [4] Table 3 Loss Equation (RUSLE)
8. Liu et al., 2000 [6] 0.44 Location at three sites on

Loess Plateau of China.

Table 3 Slope-length exponents (m) in the RUSLE for range of slopes and rill/inter-rill erosion classes

Rill/Inter-rill Ratio

Slope
(%) Low Moderate High
0.2 0.02 0.04 0.07
0.5 0.04 0.08 0.16
1.0 0.08 0.15 0.26
2.0 0.14 0.24 0.39
3.0 0.18 0.31 0.47
4.0 0.22 0.36 0.53
5.0 0.25 0.40 0.57
6.0 0.28 0.43 0.60
8.0 0.32 0.48 0.65
10.0 0.35 0.52 0.68
12.0 0.37 0.55 0.71
14.0 0.40 0.57 0.72
16.0 0.41 0.59 0.74
20.0 0.44 0.61 0.76
25.0 0.47 0.64 0.78
30.0 0.49 0.66 0.79
40.0 0.52 0.68 0.81
50.0 0.54 0.70 0.82
60.0 0.55 0.71 0.83

(Sources: McCool et al., 1989; Renard et al., 1997)

2.2 SLOPE STEEPNESS FACTOR, S

Soil loss is strongly related to slope steepness that affects surface runoff velocity and infiltration rate.
Surface runoff velocity is increasing with the gradient of slope, while the infiltration rate is decreasing
[16, 17, 18]. Many classifications of slope steepness for soil and land surveys considered slope gradient
of 30% as a starting point for “steep” slopes [19, 20, 21]. The data used to develop USLE and RUSLE
involved slopes only up to 18% [2, 4, 15, 21]. Table 4 shows the slope steepness factor (S) by previous
researchers.

Table 4 Slope steepness factor (S value)

No. Researchers S value Remark

Universal Soil Loss
Equation (USLE)

1. Wischmeier & Smith,1978 [22] S = 65.41sin?6 + 4.56 sinf + 0.065

S5 =10.8sinfd +0.03 Slope gradient < 9%
§ =16.8sinf —0.50 Slope gradient > 9%
2. McCool et al., 1987 [14] _ . £70.8 Slope length < 15ft
§ =3.0(sin6)>* +0.56 Water drains freely
sinf \%° Thawing soils with
= (0.0896) slope gradient > 9%
3. Moore & Wilson, 1992 [2] S = (ﬂ) | 0<8 <90
0.0896
4, Liuetal., 1994 [21] S =2191sinf — 0.96 0<@ =90r
. 17
5. Nearing, 1997 [23] S=-15+——-7>7-—F7— 0<6 <90

1+ eg2i3-el sin@
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Most researchers normalized their results to 72.6-ft horizontal slope length and 9% slope gradient,
developed by Wischmeier and Smith (1958) for agricultural lands in United States of America (USA);
where the topographical shapes are “gently-inclined plane-surfaced” and characterized by relatively flat
and long slope length [4, 24, 25], while the terrains in equatorial regions especially at construction sites,
comprise of comparatively more cone-shaped and pyramid-shaped topography characterized with
steeper slopes and shorter slope lengths. Hence, higher rainfall intensity coupled with steeper and
shorter hill slopes would result in higher surface runoff velocity (as compared to RUSLE’s 37
experimental sites in Eastern USA), could lead equatorial regions to experience more soil particles
being washed down the slope. Table 5 compares the differences in topographical shapes between
RUSLE and equatorial regions.

Table 5 RUSLE topographical shape vs equatorial

RUSLE, 1997 Current Research
) Slope gradient
Slope gradient % (100%)
(100%)
0 = 45° . ,
Width (6 ft) 6=45
«—> a ,
Slope gradient (9% [
pe g (9%) <—>
Horizontal slope Horizontal slope
——%0=5.14° length (0.5m) length (0.5m)

»
>

A

Horizontal slope length (72.6 ft) Slope gradient

(100%)
0 =45°
«—>
Horizontal slope length (0.5m)
e RUSLE plot area = 435.6ft? / 40m? e Base area fit to 1m?
e Application for agricultural land slope at USA in e More representative to equatorial topography
the temperate region (rugged terrains)

2.3 TOPOGRAPHICAL SHAPE MOULDS

Three topographical shapes (triangular prism, cone and pyramid) were developed to observe the surface
runoff patterns, surface runoff velocity and amount of sediment yield. These topographical shapes were
made by using fabricated moulds in accordance with Standard Proctor Test (SPT). The base area of the
fabricated moulds were fixed to 1m? and divided into three compartments for the easement of soil
filling and compaction. The method of soil compaction and number of blows were also in accordance

101



102

with SPT. Triangular prism and pyramid moulds were fabricated by using 12-mm thick plywood, and
the cone mould was made by using iron and aluminum because plywood could not make round shape.
Table 6 shows the experimental moulds.

Table 6 Experimental moulds

Shape Mould Design Mounting Moulds

Slope gradient
(100%)

Triangular
Prism 0 = 45°

<+—>
Horizontal slope length (0.5m)

Slope gradient

(100%)
Cone 0=43
>
Horizontal slope length (0.5m)
Slope gradient
(100%)
0 =45°
Pyramid X

«—>
Horizontal slope length (0.5m)

2.4 SOIL SAMPLE PREPARATION

Two mineral soil samples were collected around Kuching, Sarawak: Sample Soil A was collected at a
field near Santubong River and Sample Soil B was collected from a slope located at Kota Samarahan.
Soil analysis for Grain Size Distribution and Standard Proctor Test (SPT) were carried out to obtain
particle size distribution, soil composition, soil classification, optimum moisture content and maximum
dry density. Two kilogram (2 kg) total mass of oven dried soil samples A and B were used for grain
size distribution analysis as shown in Figure 4. The soil samples were placed on woven wire mesh
sieves (63um-14mm) and separated into several sizes by using a sieve machine. All sieve pans were
weighed before and after shaking; subsequently the percentage retained of each sieve was determined.
Outcomes of grain size distribution and soil classification are shown in Figure 5 and Figure 6.
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Figure 4 Soil samples
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Particle
100 %
/’ . 0
90 2 Size Passing
80 # (mm)
/ 14 99.10
w /0 / 10 94.75
E 60 6.3 87.05
i 50 / 4.75 82.95
X a0 3.35 74.45
T 5 £ 17 33.10
2 20 /) 1.18 18.45
g 0 : A 0.6 5.60
g, AR ——— 0.425 1.40
08 17 27 0.3 0.60
0.01 0.1 1 10 100 0212 050
Particle Size (mm) 0.15 0.30
0.063 0.10
Gravel Sand Silt | Clay
17.05 81.82 0.1
Soil Classification | s-P
Figure 5 Grain size distribution of soil sample A
Particle
100 . 9
= Size %
90 / (mm) Passing
80 / 14 100.00
X 70 10 99.70
2 o0 6.3 91.85
= 4.75 82.80
50
p 7/ 335 | 65.25
g 40 17 44.90
o 30 1.18 36.95
20 /, 0.6 27.30
10 0.425 23.40
0 e == 03 | 20.80
0.44 13 25 0.212 17.70
0.01 0.1 1 10 100 015 9,60
Grain Size (mm) 0.063 1.50
Gravel Sand Silt [ Clay
17.2 81.3 1.5
Soil Classification [  s-P

Figure 6 Grain size distribution of soil sample B

2.5 DEVELOPMENT OF TOPOGRAPHICAL FACTORS

In this research, topographical factors are a function of sediment yield (SY), surface runoff velocity
(RV) and silt and clay compositions (SC). A rainfall simulator was fabricated to simulate equatorial
“High-to-Extremely High” rainfall intensity of approximately 150mm/hr on triangular prism, cone and
pyramid soil samples. Observations of sediment yield, surface runoff patterns coupled with surface
runoff velocity and silt and clay compositions were carried out. Sediment yield can be defined as the
amount of soil collected at the outflow end of an observation plot. The experimental soil samples were
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placed under simulated rainfall for 30 minutes with rainfall intensity of about 150mm/hr. The mass of
soil samples would vary due to the huge amount of soil particles detached by raindrops and transported
by surface runoff. The difference of soil sample mass (before and after rainfall simulation) is
considered as sediment yield (SY).

Soil loss and sediment yield are strongly related to surface runoff velocity, whereby shorter slope length
and steeper slope would result in higher surface runoff velocity that could transport more soil particles
downslope. The surface runoff velocity on slope would increase with flow distance. Therefore the peak
runoff velocity always occurs downslope; locations a, b, ¢, d and e on slopes were selected to compute
the surface runoff velocity (RV). Surface runoff from each soil sample was collected in a sediment
basin for the 30-minute rainfall simulation. The surface runoff velocity (RV) on slope at locations “a”
to “e” can be determined by correlating the flow rate equation (Q=AV) and kinematic equation
(V2=2gh) as following equations:
Error! Reference source not found. (6)
Error! Reference source not found. (7)
where
RV = Surface runoff velocity, m/s
Q = Total volume of surface runoff, m*/s
A = Cross-sectional area of soil sample where surface runoff flows through (A=Ln x h), m?
g = Gravitational constant, 9.81 m?/s
h = Height of surface runoff on slope, m

To determine the height of surface runoff on slope (h), equations (6) and (7) can be integrated and
become equation (8). The length of cross-sectional area (Ln) of each topographical shape is shown in
Table 7.

Error! Reference source not found. (n=1,2,3,4,5) (8)

Table 7 Surface runoff pattern of triangular-, cone- and pyramid-shaped

Shape Top View Side View

Triangular Prism AL

\ Y

)
L ol el U

/ L \
Cone /@ o \+
\ -

i Y
Ny
L, (L2 |Ls Lo |Ls
R
2 .
¥

Pyramid

Note: === Flow Direction
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Surface runoff velocity would carry small soil particles such as silt and clay from higher ground to
downslope. However, the soil particles are transported from upslope to downslope whilst the
compositions of surface soil would be continually changing; the smallest soil particles would be
detached, followed by smaller particles that would be washed downslope. In this study, a small amount
of soil samples at locations S1 to S5 (Figure 7) on slope were taken after 15- and 30-minute simulated
rainfall events. The soil samples were placed into small containers and oven-dried for 24 hours,
subsequently sieved passing through 63um-opening sieve (silt & clay sizes <63 um). Thus, the
percentage of silt and clay compositions (SC) can be determined.

Figure 8 Soil samples collected at locations S1 to S5

In this study, topographical factors (T, Tc & Tp) were developed by correlating sediment yield (SY),
surface runoff velocity (RV), and silt and clay compositions (SC). These sub-factors have their
individual weightages, and those weightages were determined by comparing the percentage differences
(%) of cone versus triangular prism and pyramid versus triangular prism. The topographical factor (T)
can be expressed as in Equation 9. Table 7 shows the LS-factor in equatorial regions and its correlation
to sediment yield, surface runoff velocity and soil compositions.

T = [a(SY) + b(RV) + ¢(SC)] X LSError! Reference source not found.
9)

where,
a, b, ¢ = weightage, unitless
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Table 7 LS-factor correlated with sediment yield (SY), surface runoff velocity (RV) and silt and clay compaositions (SC)

Triangular Prism Cone Pyramid

Locations S1 to S5 -\

(Soil samples st R

taken for S2 / ® \ A‘ A
determination of o, / \ . \ / / \',\
soil compositions / \ \ / / \ - \
after simulated > / \ ® / \

rainfall events) 5~/ \ / ~ /s N

Sk Py i
~—_""

e Uniform top area, highest e Tapered top area e Rapidly tapered top area
surface  runoff  velocity small, surface runoff among three shapes,

among three shapes. velocity lower. lowest surface runoff
e Most rill erosion among e Fewer rills would be velocity.

three shapes. formed. o Fewer rills would be
formed.

Surface Runoff

e Forces acting on soil particles when surface runoff occurs including lifting force (FL),
drag force due to the velocity of runoff (Fp), resistance force (Fgr), and weight due to
the gravity force (W). When a critical velocity (V) is exceeded due to the increasing
depth of surface runoff (D), the soil particle (depending on particle size) would re-
suspend to a new position [26].

Tr=1.0 (LS)* Te=<1.0(LS)* Te=<1.0(LS)*
Topographical (LS)* as the function of sediment yield, surface runoff velocity and silt & clay
factor (LS) compositions

=a(SY) + b(RV) + c(SC), where a, b & ¢ represent the weightage of soil loss
contribution

2.6 SLOPE LENGTH EXPONENT, m VALUE

Slope length exponent, m, represents the ratio of rill to inter-rill erosion which is used for determination
of slope length (L) in the RUSLE [2, 15]. However, m in the RUSLE considers slope only up to 60%,
while missing values of higher slope gradient (>60%) probably due to a lack of soil loss data. In this
research, m values were extended to slope gradient 100% in this research by extrapolation as shown in
Table 8. RUSLE’s LS values for construction and other highly disturbed soil conditions are adopted in
this research as shown in Table 9.
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Table 8: Slope-length exponents (m) for range of slopes and rill/inter-rill erosion classes up to slope gradient 100%

Slope Rill/Interrill Ratio (m)

(%) Low Moderate High
0.2 0.02 0.04 0.07
0.5 0.04 0.08 0.16
1.0 0.08 0.15 0.26
2.0 0.14 0.24 0.39
3.0 0.18 0.31 0.47
4.0 0.22 0.36 0.53
5.0 0.25 0.40 0.57
6.0 0.28 0.43 0.60
8.0 0.32 0.48 0.65
10.0 0.35 0.52 0.68
12.0 0.37 0.55 0.71
14.0 0.40 0.57 0.72
16.0 0.41 0.59 0.74
20.0 0.44 0.61 0.76
25.0 0.47 0.64 0.78
30.0 0.49 0.66 0.79
40.0 0.52 0.68 0.81
50.0 0.54 0.70 0.82
60.0 0.55 0.71 0.83
70.0 0.56* 0.72* 0.84*
80.0 0.57* 0.73* 0.85*
90.0 0.58* 0.74* 0.86*
100.0 0.59* 0.75* 0.87*

(Sources: McCool et al., 1989; Renard et al., 1997)
Note: * is the m value by extrapolation.

Table 9 RUSLE LS values for construction and other highly disturbed soil conditions

Slope Horizontal Slope Length (ft)
dient
gr?%:i” <3 6 9 2 15 25 50 75 100 150 200 250 300 400 600 800 1000
02 005 005 005 005 005 005 005 005 005 005 006 006 006 006 006 006 006
05 007 007 007 007 007 007 008 008 009 009 010 010 010 011 012 012 013

1 0.09 009 009 009 009 010 013 0.14 0.15 0.17 0.18 0.19 0.20 0.22 0.24 0.26 0.27
2 013 013 013 013 013 016 021 025 0.28 0.33 0.37 0.40 0.43 0.48 0.56 0.63 0.69
3 017 017 017 017 017 021 030 0.36 041 0.50 0.57 0.64 0.69 0.80 0.96 1.10 123
4 020 020 020 020 020 026 038 047 0.55 0.68 0.79 0.89 0.98 114 142 1.65 1.86
5 023 023 023 023 023 031 046 058 0.68 0.86 1.02 116 1.28 151 191 2.25 2.55
6 026 026 026 026 026 036 054 069 0.82 1.05 125 1.43 1.60 1.90 2.43 2.89 3.30

8 032 032 032 032 032 045 070 0091 1.10 143 172 1.99 2.24 2.70 3.52 4.24 4.91
10 035 037 038 039 040 057 091 120 1.46 1.92 2.34 2.72 3.09 3.75 4.95 6.03 7.02
12 036 041 045 047 049 071 115 154 1.88 251 3.07 3.60 4.09 5.01 6.67 8.17 9.57
14 038 045 051 055 058 0.8 140 187 2.31 3.09 3.81 4.48 511 6.30 8.45 10.40 12.23
16 039 049 056 062 067 098 164 221 2.73 3.68 4.56 5.37 6.15 7.60 10.26 12.69 14.96
20 041 056 067 076 084 124 210 286 3.57 4.85 6.04 7.16 8.23 10.24 13.94 17.35 20.57
25 045 064 080 093 104 156 267 367 4.59 6.30 7.88 9.38 10.81 13.53 18.57 23.24 27.66
30 048 072 091 108 124 18 322 444 5.58 7.70 9.67 1155 13.35 16.77 23.14 29.07 3471
40 0.53  0.85 113 137 159 241 424 589 7.44 10.35 13.07 15.67 18.17 22.95 31.89 40.29 48.29
50 0.58  0.97 131 162 191 291 516 7.20 9.13 12.75 16.16 19.42 22.57 28.60 39.95 50.63 60.84
60 0.63 1.07 1.47 184 219 336 597 837 10.63 14.89 18.92 22.78 26.51 33.67 47.18 59.93 72.15

3.0 RESULT AND DISCUSSION
3.1 SEDIMENT YIELD

Soil erosion can be defined as the movement of soil particle regardless of distance. The experimental
topographical factors (Tt, Tc & Tp) are functions of sediment yield (SY), surface runoff velocity (RV)
and percentage of silt and clay content (SC). Measurements of sediment yield, amount of rainwater for
30-minute rainfall simulation on soil sample, and the characteristics or compositions of silt and clay on
slope after a rainfall event were carried out. Table 10 shows the recorded values of sediment yield after
each simulated rainfall event.
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Table 10 Experimental sediment yield of triangular-prism, cone and pyramid shapes

Shape Triangular Prism Cone Pyramid
Soil Sample Sample A Sample B Sample A SampleB  Sample A Sample B
Weight Before (kg) 352.6 363.8 159.4 163.5 227.2 236.8
Weight After (kg) 3455 356.2 155.8 159.7 223.0 232.2
Sediment Yield (kg/m?) 7.1 7.6 3.6 3.8 4.2 4.6
Average Sediment Yield 74 37 44

(kg/m?)

In Table 10, it is found that the triangular prism soil samples have the highest sediment yield with 7.1
kg/m? for sample A and 7.6 kg/m? for sample B with an average of 7.4 kg/m?. The cone soil samples
recorded the lowest sediment yield; 3.6 kg/m? for sample A and 3.8 kg/m? for sample B with an average
sediment yield of about 3.7 kg/m?. It is shown that the cone soil samples yielded approximately 50%
lower than triangular prism. The pyramid sample A and sample B recorded sediment yield values of 4.2
and 4.6 kg/m?, respectively, and an average sediment yield of about 4.4 kg/m? which is 40.5% lower
than the triangular prism soil samples.

3.2 SURFACE RUNOFF VELOCITY

Sediment yield is strongly related to surface runoff velocity, whereby higher surface runoff velocity
could transport more soil particles downslope, and hence more soil particles can be collected at the end
of the experimental plot. The surface runoff patterns for triangular prism, cone and pyramid are
illustrated in Table 11. Table 12 and Figure 7 show the summary of calculated velocities at locations

(I ({2l

a” to “e” on the three soil sample shapes.

table 12: Surface runoff velocities at locations a-e on soil sample shapes

Surface Runoff Velocity, RV (cm/s)

Location Triangular Prism Cone Pyramid
a 4.17 3.59 3.37
b 5.26 452 4.25
c 6.02 5.17 4.87
q 6.62 5.69 5.35
e 7.13 6.14 5.78
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Velocity of Ralnfall Runoff (cm/s)

0 T T T 1
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Location on Slope
==@=Triangular Prism == Cone Pyramid

Figure 7 Surface runoff velocities at locations a-e for triangular prism, cone and pyramid soil sample shapes

In Table 12, the triangular prism soil sample shows the highest surface runoff velocity (RV) among the
three shapes at 4.17, 5.26, 6.02, 6.62 and 7.13 cm/s at locations a, b, ¢, d and e, respectively. The cone
RV values measured 3.59, 4.52, 5.17, 5.69 and 6.14 cm/s at locations “a” to “e”, respectively. The
pyramid RV values recorded 3.37, 4.25, 4.87, 5.35 and 5.78 cm/s at location “a” to “e”, respectively,
indicating the lowest values recorded among the three shapes. The triangular prism-shaped slope could
be used as the reference or as an indicator since the characteristics of slope surface is similar to that of
the plane slope surface of the RUSLE. Table 13 compares the dissimilarity in surface runoff velocity
(RV) at locations “a” to “e” among the three shapes. The average cone RV value of 14.01% lower and
pyramid RV value of 19.12% lower were recorded as compared to the observed values of the triangular
prism samples.

[P L] [T9%1]

Table 13 Percentage comparison of surface runoff velocity (RV) at locations “a” to “e

Location Triangular Prism (RUSLE) Cone Cone % Lower than
(cmfs) (cmis) Triangular Prim (RUSLE)
a 4.17 3.59 13.91 %
b 5.26 4.52 14.07 %
c 6.02 5.17 14.12 %
d 6.62 5.69 14.05 %
e 7.13 6.14 13.88 %
Average 14.01 %
Location Triangular Prism (RUSLE) Pyramid Pyramid % Lower than
(cm/s) (cml/s) Triangular Prim (RUSLE)
a 4.17 3.37 19.18 %
b 5.26 4.25 19.20 %
c 6.02 4.87 19.10 %
d 6.62 5.35 19.18 %
e 7.13 5.78 18.93 %
Average 33 %

3.3 SILT AND CLAY COMPOSITIONS

Small particles such as silt and clay have been transported downslope by surface runoff. The
composition of surface soil would be continually changing during rainfall since the smaller particles
(silt and clay) were displaced continuously. Small amount of soil samples were taken to test the
percentage of silt and clay at locations S1 to S5 after 15-minute and 30-minute rainfall simulation. The
results of silt and clay percentages for sample A and sample B are shown in Table 14 and Table 15.
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Table 14 Comparison of silt & clay of cone-shaped vs triangular prism-shaped

Percentage of Silt and Clay at 15-min Rainfall Simulation

_Location Triangular Prism Cone % higher or lower
Sample A Sample B Sample A Sample B Sample A Sample B
S1 11.4% 40.7% 17.8% 52.7% 6.4% 12.0%
S2 12.4% 54.8% 15.8% 47.8% 3.4% 7.0%
S3 13.0% 53.3% 19.1% 48.9% 6.1% 4.4%
S4 14.6% 49.2% 16.6% 50.2% 2.0% 1.0%
S5 15.1% 46.5% 15.4% 59.6% 0.3% 13.1%
Average 3.6% 7.5%
5.6%
Percentage of Silt and Clay at 30-min Rainfall Simulation
Location Triangular Prism Cone % higher or lower
Sample A Sample B Sample A Sample B Sample A Sample B
S1 10.2% 27.9% 14.6% 29.9% 4.4% 2.0%
S2 10.8% 54.0% 12.7% 41.3% 1.9% 12.7%
S3 12.6% 42.8% 16.0% 50.5% 3.4% 7.7%
S4 14.3% 49.4% 16.4% 53.6% 2.1% 4.2%
S5 13.7% 44.2% 13.8% 48.6% 0.1% 4.4%
Average 2.4% 6.2%
4.3%

Table 15 Comparison of silt & clay of pyramid-shaped vs triangular prism-shaped

Percentage of Silt and Clay at 15-min Rainfall Simulation

Location Triangular Prism Pyramid % higher or lower
Sample A Sample B Sample A Sample B Sample A Sample B
S1 114 40.7 11.9 30.7 4.4% 10.0%
S2 124 54.8 9.8 30.9 21.0% 23.9%
S3 13.0 53.3 14.5 48.2 11.5% 5.1%
S4 14.6 49.2 10.7 44.0 26.7% 5.2%
S5 15.1 46.5 75 37.3 50.3% 9.2%
Average 22.8% 10.7%
16.8%
Percentage of Silt and Clay at 30-min Rainfall Simulation
Location Triangular Prism Pyramid % higher or lower
Sample A Sample B Sample A Sample B Sample A Sample B
S1 10.2 27.9 9.8 25.5 3.9% 2.4%
S2 10.8 54.0 12.6 30.8 16.7% 23.2%
S3 12.6 42.8 12.1 29.6 4.0% 13.2%
S4 14.3 494 11.9 33.1 16.8% 16.3%
S5 13.7 44.2 6.4 43.6 53.3% 0.6%
Average 18.9% 11.1%
15.0%

Table 14 shows the composition of silt and clay (sample A and sample B) at the slope surface for the
cone and triangular prism samples after 15-minute and 30-minute simulated rainfall events. The
compositions of silt and clay on the slope of soil samples at locations S1 to S5 show inconsistency for
both sample A and sample B. The composition of silt and clay particles for sample A and sample B for
15-minute rainfall event recorded 3.6% and 7.5%, respectively. For 30-minute rainfall simulation, the
silt and clay recorded 2.4% and 6.2% for sample A and sample B, respectively. Hence, the average silt
and clay compositions on slopes of cone and triangular prism shapes is 5.0%.

In Table 15, an inconsistency in the composition of silt and clay at locations S1 to S5 was noticed. The

average silt and clay percentages for sample A and sample B were 22.8% and 10.7% respectively for
the 15-minute simulated rainfall event. For the 30-minute simulation, the average compositions of silt
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and clay were approximately 18.9% and 11.1% for sample A and sample B, respectively. Hence, the
average silt and clay composition on the slopes of pyramid and triangular prism shapes is 15.9%.

3.4 TOPOGRAPHICAL FACTOR AS FUNCTION OF SEDIMENT YIELD, RUNOFF VELOCITY
AND SILT/CLAY COMPOSITION

In this study, the triangular prism slope can be used as the reference or as an indicator since the
characteristics are similar to the plane slope surface of the RUSLE. The cone and pyramid shapes are
compared by the degree of similarity or dissimilarity to the triangular prism (Table 16). Table 17 shows
the normalized topographical factors or weightages for determination of coefficient of LS-factor in
Equation 10.

Table 16 Difference and similarity of cone- and pyramid-shaped as compared to triangular prism-shaped

Cone-shaped % Difference % Similarity
Sediment Yield (SY) 50.0% 50.0%
Surface Runoff Velocity (RV) 14.0% 86.0%
% Silt & Clay (SC) 5.0% 95.0%
Pyramid-shaped % Difference % Similarity
Sediment Yield (SY) 40.5% 59.5%
Surface Runoff Velocity (RV) 19.1% 80.9%
% Silt & Clay (SC) 15.9% 84.1%

Table 17 Normalization of topographical factors

No. Cone-shaped Pyramid-shaped
(0.2)(0.50) (0.2)(0.60)
1 (0.5)(0.86) (0.5)(0.81)
’ + (0.3)(0.95) + (0.3)(0.84)
0.815 0.777
(0.25)(0.50) (0.25)(0.60)
2 (0.5)(0.86) (0.5)(0.81)
' + (0.25)(0.95) + (0.25)(0.84)
0.793 0.765
(0.2)(0.50) (0.2)(0.60)
3 (0.6)(0.86) (0.6)(0.81)
' + (0.2)(0.95) + (0.2)(0.84)
0.806 0.774
Average 0.80 0.77

In Table 16, the sediment yield of cone and pyramid shapes are 50% and 59.5% respectively, similar to
the triangular prism; SY values are 0.5 and 0.6 respectively. The surface runoff velocities are 86% and
80.9%, for cone and pyramid respectively, similar to triangular prism; RV values are 0.86 and 0.81 for
cone and pyramid respectively. The degree of similarity of silt and clay compositions of cone and
pyramid was 95% and 84.1% respectively compared to triangular prism. In Table 17, the average
coefficient is 0.8 for cone and 0.77 for pyramid. Therefore, topographical factors can be written as:

Error! Reference source not found.  (for triangular prism-shaped terrain) (11)
Error! Reference source not found.  (for cone-shaped terrain) (12)
Error! Reference source not found. (for pyramid-shaped terrain) (13)
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Table 18, Table 19 and Table 20 show the normalized Equatorial Topographical Factor for the three
terrain shapes.

Table 18 Normalized topographical factor for triangular prism-shaped terrain (T+)

g?a:gipe;t Horizontal Slope Length (ft)

(%) <3 6 9 12 15 25 50 75 100 150 200 250 300 400 600 800 1000

0.2 005 005 005 005 005 005 005 005 005 005 006 006 006 006 006 0.06 0.06
05 0.07 007 007 007 007 0.07 008 0.08 0.09 009 010 010 010 011 012 012 0.13
1 009 009 009 009 009 010 013 014 015 017 018 019 020 022 024 026 0.27
2 013 013 013 013 013 016 021 025 028 033 037 040 043 048 056 063 0.69
3 017 017 017 017 017 021 030 036 041 050 057 064 069 080 096 1.10 1.23
4 020 020 020 020 020 026 038 047 055 068 079 089 0.98 114 1.42 1.65 1.86
5 023 023 023 023 023 031 046 058 068 0.86 1.02 1.16 1.28 151 191 225 2.55
6 026 026 026 026 026 036 054 069 082 1.05 1.25 1.43 1.60 190 243 289 3.30
8 032 032 032 032 032 045 070 091 1.10 1.43 1.72 199 224 270 352 424 491
10 035 037 038 039 040 057 091 120 1.46 192 234 272 3.09 375 495 6.03 7.02
12 036 041 045 047 049 071 115 154 188 251 3.07 3.60 4.09 501 667 817 9.57
14 038 045 051 055 058 085 140 187 231 309 381 448 511 6.30 845 1040 1223
16 039 049 056 062 067 098 164 221 273 368 456 5.37 6.15 760 1026 12.69 14.96
20 041 056 067 076 084 124 210 286 357 485 604 716 823 1024 1394 1735 2057
25 045 064 080 093 104 156 267 367 459 630 7.88 9.38 10.81 1353 1857 2324 27.66
30 048 072 091 108 124 186 322 444 558 770 9.67 1155 1335 1677 2314 29.07 3471
40 053 085 113 137 159 241 424 589 744 1035 13.07 1567 1817 2295 31.89 4029 48.29
50 058 097 131 162 191 291 516 720 9.13 1275 16.16 1942 2257 2860 3995 50.63 60.84
60 063 107 147 184 219 336 597 837 1063 1489 1892 2278 26.51 33.67 4718 5993 7215
70 063 112 158 201 243 373 668 939 1195 1680 2140 2581 30.08 3830 5384 6856 82.69
80 067 120 169 216 262 404 728 1028 1312 1852 2365 2859 3338 4263 6017 76.84 92.89
90 069 126 178 228 277 429 779 1104 1414 20.04 2567 3110 36.38 4659 66.03 8457 102.46
100 071 130 185 238 289 450 823 1171 1503 2139 2748 3337 39.10 5022 7146 91.79 11145

Table 19 Normalized topographical factor for cone-shaped terrain (Tc¢)

grse:cci)ipe ?“ Horizontal Slope Length (ft)

(%) <3 6 9 12 15 25 50 75 100 150 200 250 300 400 600 800 1000
0.2 0.04 004 004 0.04 004 004 004 004 004 004 005 005 005 005 005 0.05 0.05
0.5 0.06 006 006 0.06 006 006 006 0.06 007 007 008 008 008 009 010 010 0.10
1 0.07 0.07 0.07 007 007 0.08 010 011 012 0.14 0.14 0.15 0.16 0.18 0.19 0.21 0.22
2 010 010 0.10 010 010 013 017 020 022 026 030 032 034 038 045 050 055
3
4
5
6

014 014 014 014 014 017 024 029 033 040 046 0.51 0.55 0.64 0.77 0.88 0.98

016 016 016 016 016 021 030 038 044 054 063 0.71 0.78 091 1.14 1.32 1.49

018 018 018 018 018 025 037 046 054 069 082 0.93 1.02 121 1.53 1.80 2.04

021 021 021 021 021 029 043 055 066 084 1.00 1.14 1.28 1.52 194 231 2.64

8 026 026 026 026 026 036 056 073 0.88 114 1.38 1.59 1.79 2.16 282 339 3.93

10 028 030 030 031 032 046 073 096 1.17 1.54 1.87 2.18 247 3.00 396  4.82 5.62

12 029 033 036 038 039 057 092 123 150 201 246 2.88 3.27 401 534 654  7.66

14 030 036 041 044 046 068 112 150 185 2.47 3.05 358  4.09 5.04 6.76  8.32 9.78
16 031 039 045 050 054 078 131 177 218 294 365 430 492 6.08 8.21 1015 11.97
20 033 045 054 061 067 099 168 229 286 388 483 5.73 6.58 8.19 1115 13.88 16.46
25 036 051 064 074 083 125 214 294 367 504 6.30 7.50 8.65 10.82 1486 1859 22.13
30 038 058 073 086 099 149 258 355 446 6.16 774 924 10.68 13.42 1851 2326 27.77
40 042 068 090 110 127 193 339 471 595 8.28 1046 1254 1454 1836 2551 3223 38.63
50 046 078 105 130 153 233 413 576 7.30 10.20 1293 1554 18.06 22.88 31.96 40.50 48.67
60 050 086 118 147 175 269 478 6.70 850 1191 1514 1822 2121 26.94 37.74 47.94 57.72
70 050 090 127 161 194 298 534 751 956 1344 1712 20.65 24.06 30.64 43.07 54.85 66.16
80 053 09 136 173 209 323 582 822 1050 1482 1892 2287 2671 3411 4814 6148 7432
90 055 101 143 183 221 343 623 883 1131 16.04 2054 2488 2911 3728 5283 67.66 8197
100 057 104 148 190 231 360 658 936 1203 1712 2198 26.69 31.28 40.18 57.17 7343 89.16

Table 20 Normalized topographical factor for pyramid-shaped terrain (Tg)

grSa:gPeit Horizontal Slope Length (ft)
i

(%) <3 6 9 12 15 25 50 75 100 150 200 250 300 400 600 800 1000
0.2 0.04 004 004 0.04 0.04 004 004 004 004 004 0.05 0.05 0.05 0.05 0.05 0.05 0.05
0.5 005 005 005 005 005 005 006 006 0.07 0.07 0.08 0.08 0.08 0.08 0.09  0.09 0.10
0.07 007 007 007 007 008 010 011 012 013 014 015 0.15 0.17 018 0.20 0.21
0.10 010 0.10 010 010 012 016 019 0.22 025 0.28 0.31 0.33 0.37 0.43 0.9 0.53
013 013 013 043 013 016 023 0.28 0.32 039 044 049 0.53 0.62 0.74  0.85 0.95
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4 015 015 015 015 015 020 029 036 042 052 061 069 075 0.88 1.09 127 143
5 018 018 0.18 018 018 024 035 045 052 066 079 089 0.99 1.16 147 173 1.96
6 020 020 020 020 020 028 042 053 063 081 096 1.10 1.23 1.46 187 223 254
8 025 025 025 025 025 035 054 070 085 110 132 1.53 1.72 208 271 326 3.78
10 027 028 029 030 031 044 070 092 112 148 180 209 238 289 381 464 541
12 028 032 035 036 038 055 089 119 145 193 236 277 315 386 514 629 737
14 029 035 039 042 045 065 108 144 178 238 293 345 393 485 651 801 942
16 030 038 043 048 052 075 126 170 210 283 351 413 474 58 790 977 1152
20 032 043 052 059 065 095 162 220 275 373 465 551 634 788 1073 1336 15.84
25 035 049 062 072 080 120 206 283 353 48 607 722 832 1042 1430 17.89 21.30
30 037 055 070 083 095 143 248 342 430 593 745 889 1028 1291 1782 2238 26.73
40 041 065 087 105 122 186 326 454 573 797 1006 1207 1399 17.67 2456 31.02 37.18
50 045 075 101 125 147 224 397 554 703 982 1244 1495 1738 22.02 30.76 38.99 46.85
60 049 082 113 142 169 259 460 644 819 1147 1457 1754 2041 2593 36.33 46.15 5556
70 048 087 122 155 187 287 514 723 920 1294 1648 1987 2316 2949 4146 5279 63.67
80 051 092 130 167 201 311 561 791 1010 1426 1821 2202 2571 3283 4633 59.17 7153
90 053 097 137 176 213 331 6.00 850 1089 1543 1977 2395 2801 3588 50.85 6512 78.89
100 055 100 142 183 222 347 633 901 1158 1647 2116 2569 30.11 3867 5503 70.68 85.82

4.0 CONCLUSION

In conclusion, topographical factors (Tt, Tc & Tp) in equatorial regions were found as functions of
sediment yield (SY), surface runoff velocity (RV) and silt and clay compositions (SC). The triangular
prism shape was used as an indicator for cone and pyramid shapes due to the similar shape to RUSLE’s
plot which is an inclined plane surface. Cone showed 50% similarity of sediment yield, 86% of surface
runoff velocity and 95% of silt and clay compositions compared to triangular prism. The similarity of
sediment yield, surface runoff velocity and silt and clay compositions were 59.5%, 80.9% and 84.1%
respectively compared to triangular prism. Therefore, this research experimentally developed the
topographical factors for triangular prism-shaped, cone-shaped and pyramid-shaped landscapes: Error!
Reference source not found. (Triangular Prism), Error! Reference source not found. (Cone)
andError! Reference source not found. (Pyramid). These Topographical Factors (T, Tc & Tp) can be
used to replace the RUSLE’s and MUSLE’s LS to estimate the soil loss and sediment yield in equatorial
regions
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