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ABSTRACT: Because of human activities, soil erosion has been one of the most concerning 
issues in Malaysia in the past decades. This study aimed to estimate the amount of soil loss and 
sediment yield at Curtin University, Malaysia by using the Revised Universal Soil Loss 
Equation (RUSLE) and the Modified Universal Soil Loss Equation (MUSLE), respectively. 
The parameters of RUSLE include rainfall erosivity factor (R), soil erodibility factor (K), slope 
length factor (L), slope steepness factor (S), cover-management factor (C) and support practice 
factor (P). The rainfall data (10 years) from the Sarawak Meteorological Department was used 
to determine the R-factor. The K-factor was determined by sieve analysis, hydrometer analysis, 
the Standard Proctor Test (SPT), and organic content testing. The L-and S-factors were 
performed by measuring on site and using Google Earth. The C-and P-factors were based on 
the ground surface cover condition (bare soil in this study). In the MUSLE, the runoff factor 
comprises V and Qp, while the other parameters are the same as in the RUSLE. The runoff 
depth, V, is equivalent to the rainfall intensity. Rainfall intensities were recorded by using a 
rain gauge. The highest rainfall intensity was used for runoff depth. The Rational method has 
been utilized to calculate Qp. The amount of soil loss estimated was 119.97 tons/ha/year and 
the sediment yield amount estimated was 0.76 ton/storm event in Curtin University, Malaysia.  
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1. Introduction 

Soil erosion is one of the global environmental issues in Asian countries. Due to the 
development trend in Asia, many studies are focused on soil erosion topics. China, India, and 
Indonesia are the top three Asian countries experiencing high soil erosion, with an erosion area 
of 470,000 km2, 200,000 km2, and 76,000 km2, respectively. The main reason for soil erosion 
in these countries is due to improper control practices in agriculture [1]. The amount of soil 
loss and sediment yield from the mine tailing dumps in Samgwang mine, Korea, was estimated 
at around 75,351 tons/yr and 40,188 tons/yr, respectively [2]. Rapid development in Malaysia 
promotes policies for agriculture and tourism, affecting the land cover of the Cameron 
Highlands and bringing soil erosion and water pollution problems to the upland region [3]. 
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According to a study in Ringlet Reservoir Cameron Highlands, the estimation of sediment yield 
in a year is around 0.28 million m3 (1997) and 0.33 million m3 (2006) [4]. In natural 
phenomena, the subsurface of land is being eroded by physical forces such as precipitation, 
flows of water, gravity, wind and others [5]. The rate of soil erosion increases through 
anthropogenic activities such as urbanization, deforestation, land clearing and agricultural 
activities [6-8]. During a downpour, the soil becomes fully saturated, resulting in surface 
runoff, which then increases the velocity and shear stress exerted on the soil. A large number 
of raindrops have higher terminal velocity and energy. Thus, the soil particles dislodge from 
the soil surface due to the impact of raindrops hitting and splashing on the soil surface. When 
surface runoff overcomes the force grasping soil particles, the soil particles move from their 
original position or separatione from the soil surface [9]. The surface runoff brings away the 
topsoil, contributing to the loss of soil fertility and land degradation problems [10,11]. The soil 
particles have been washed by the surface runoff down the slope and into the river [12]. Larger 
sized soil particles would be deposited on the downslope, whilst smaller sized soil particles 
would be washed into the river. The movement of sediment in the river is because the critical 
shear stress of sediment in the riverbed is smaller than the induced shear stress of river flow. 
Sediment breaks into smaller particles or moves from its original place when an external force 
is exerted on the sediment [13]. Since the industrialization revolution, deforestation has been 
done widely for the quest of development, urbanization and agricultural [14]. Human activities 
such as mining, agriculture, overgrazing and construction accelerate the soil erosion process 
[15,16]. These anthropogenic activities affected approximately 1,964 million hectares of soils, 
where 1,903 million hectares of eroded soils were related to water erosion and the remaining 
was due to wind erosion [17]. It is estimated that the rate of soil erosion will increase annually, 
and this would be one of the major environmental issues for a few decades [18]. The soil 
particles are detached from the slope and carried by surface runoff into water bodies such as 
streams, lakes, and rivers, and cause the water bodies to become murky, which destroys 
freshwater sources, affecting the quality of water and aquatic life [19]. Sedimentation occurs 
when the soil particles settle down to the bottom of the river and cause the level of the riverbed 
to increase, subsequently causing flash floods during heavy rainfall [20]. This study aimed to 
estimate the amount of soil loss and sediment yield at Curtin University Malaysia in Miri, 
Sarawak. The RUSLE and MUSLE were used to estimate the amount of soil loss and sediment 
yield, respectively. 

2. Methods 

2.1. Location 

Malaysia is located in the Equatorial region, which has a tropical climate that is hot and humid 
throughout the year [21]. It is surrounded by the South China Sea and the Indian Ocean, and 
experiences two monsoon seasons: the Northeast Monsoon (November to March) and the 
Southwest Monsoon (May to September). The Northeast Monsoon brings more rainfall and 
generates more surface runoff as compared to the Southwest Monsoon [22]. As a result, the 
amount of soil loss and sediment yield is higher during the Northeast Monsoon [23]. In this 
study, a construction site with a project area size of 9,382.19m2 (0.94ha) at Curtin University 
Malaysia was selected as shown in Figure 1. Curtin University, Malaysia is located in Miri 
town, which is part of Northern Sarawak, Malaysia at Latitude 4°30’ N and Longitude 114°01’ 
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E. Miri experiences copious rainfall throughout the year. A set of rainfall data from 2009 to 
2018 was obtained from the nearest meteorological station, which is located at Miri Airport, 
Sarawak. The annual total rainfall amount varies from 2,072.9 mm to 3,386.1 mm. 

 
Figure 1. Construction Site at Curtin University Sarawak 

Experimental work was carried out to determine the variables in the RUSLE and MUSLE, 
such as rainfall harvesting, sieve analysis, Standard Proctor Test (SPT), Hydrometer test, 
slope length, and slope gradient measurements. 

2.2. Soil Loss Estimation - Revised Universal Soil Loss Equation (RUSLE) 

The soil loss is varied over space and time because of the relationship between the variables of 
RUSLE [24]. The RUSLE model is expressed as A = R.L.K.S.C.P, where A is defined as the 
rate of soil loss expressed in unit tons/ha/yr; R represents rainfall erosivity factor expressed in 
unit MJ.mm/ha/h/year; K represents soil erodibility factor expressed in unit ton.hr/MJ.mm; L 
represents slope length factor (dimensionless); S represents slope steepness factor 
(dimensionless); C represents cover-management factor (dimensionless) and P represents 
support practice factor (dimensionless) [25]. 

2.2.1. Runoff Erosivity Factor (R) 

The rainfall data from 2009 to 2018 was obtained from the meteorological station located at 
Miri Airport, Sarawak. The data is necessary to calculate the R value and the equation 

recommended is shown in 𝑅𝑅𝑎𝑎𝑎𝑎𝑎𝑎 = �4.17 × ∑ �𝑃𝑃𝑖𝑖
2

𝑃𝑃
�12

𝑖𝑖=1 � − 152  [26]. Where Pi denotes the 
mean value of rainfall data in month i in millimetres (mm), P denotes the mean value of rainfall 
data in year in mm, and Rann denotes the annual mean value of R.  

2.2.2. Soil Erodibility Factor (K) 

The soil erodibility nomograph developed by Renard et. al. was used to obtain the soil 
erodibility factor (K). The percentage of silt, very fine sand and organic matter were analysed 
through experiment. The soil structure code and permeability code of soil were determined. 
Grain size distribution (GSD) analysis coupled with USDA texture soil classification were 
carried out to identify the soil type [27]. Grain size distribution analysis can be divided into 
sieve analysis and hydrometer analysis. The larger size of soil particles (> 0.075mm) can be 
easily separated by sieve analysis, whereas the smaller size of soil particles (0.075mm) can be 
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analyzed by hydrometer based on ASTM D422 (Table 1). Distilled water (1 L) was prepared 
and immersed in a 152H hydrometer to obtain meniscus correction, Cm. 4% of sodium 
hexametaphosphate, (NaPO3)6 (disperging agent) was prepared by dissolving 40g of (NaPO3)6 
in 1L of distilled water in a graduated cylinder to have a (NaPO3)6 solution. A 100mL of 
(NaPO3)6 solution mixed with 1L of distilled water using a graduated cylinder and a 152H 
hydrometer was immersed in the solution to obtain the value of dispersing agent correction, Ca. 
The suspension fliud was poured into a graduated cylinder and was filled with distilled water 
up to 1L. Then  graduated cylinder was shake the for 1 minute with a tight lid. The hydrometer 
reading and suspension fluid temperature (Ct) were monitored for 24 hours. 
 

Table 1. Equations of Different Experiments to Identify K 

Experiment Equations 
Hydrometer 
analysis 

𝑅𝑅ℎ =  𝑅𝑅′ℎ  +  𝐶𝐶𝑚𝑚 
 

𝑅𝑅𝑐𝑐 = 𝑅𝑅ℎ + 𝐶𝐶𝑡𝑡 − 𝐶𝐶𝑎𝑎 
 

𝑃𝑃 =
𝑅𝑅𝑐𝑐𝛼𝛼
𝑀𝑀𝑑𝑑𝑑𝑑𝑑𝑑

× 100 ×
𝑀𝑀<0.075𝑚𝑚𝑚𝑚

𝑀𝑀𝑡𝑡
 

 

𝐷𝐷 = 𝑘𝑘�
𝐿𝐿 (𝑐𝑐𝑐𝑐)
𝑡𝑡 (𝑐𝑐𝑚𝑚𝑚𝑚)

 

 
Where, R’h is hydrometer reading; Cm is meniscus correction; Ca is dispersing agent; Rc is 
hydrometer reading; P is corrected percentage passing; Mdry is dry mass of hydrometer test 
sample; M<0.075mm is dry mass of soil sample with size less than 0.075mm and Mt is the total 
mass of dry soil sample. 
 

SPT 𝑐𝑐𝑚𝑚𝑚𝑚𝑚𝑚𝑡𝑡𝑚𝑚𝑚𝑚𝑚𝑚 𝑐𝑐𝑚𝑚𝑚𝑚𝑡𝑡𝑚𝑚𝑚𝑚𝑡𝑡,𝑐𝑐𝑐𝑐 (%) =
𝑀𝑀𝑤𝑤

𝑀𝑀𝑠𝑠
× 100% =

𝑀𝑀4 −𝑀𝑀5

𝑀𝑀5 −𝑀𝑀3
× 100% 

 

𝑏𝑏𝑚𝑚𝑏𝑏𝑘𝑘 𝑚𝑚𝑚𝑚𝑚𝑚𝑡𝑡 𝑤𝑤𝑚𝑚𝑚𝑚𝑤𝑤ℎ𝑡𝑡, 𝛾𝛾𝑏𝑏 �
kN
𝑐𝑐3� =

𝑀𝑀𝑚𝑚𝑠𝑠(𝑤𝑤)
𝑉𝑉

× 9.8066 
 

𝑑𝑑𝑚𝑚𝑑𝑑 𝑚𝑚𝑚𝑚𝑚𝑚𝑡𝑡 𝑤𝑤𝑚𝑚𝑚𝑚𝑤𝑤ℎ𝑡𝑡, 𝛾𝛾𝑑𝑑 �
kN
𝑐𝑐3� =

𝛾𝛾𝑏𝑏
1 + 𝑐𝑐𝑐𝑐

100
 

 
Where, M3 is mass of moisture can; M4 is mass of moisture can with moist soil; M5 is mass of 
moisture can with dry soil; Mms is mass of moist soil’ V is the volume of proctor mould; Mc is 
moisture content; γb is bulk unit weight in kN/m3. 
 

Organic 
content test 

𝑀𝑀𝑑𝑑𝑡𝑡𝑠𝑠 =  𝑀𝑀𝑐𝑐𝑑𝑑𝑡𝑡𝑠𝑠 − 𝑀𝑀𝑐𝑐 
 

𝑀𝑀𝑎𝑎 = 𝑀𝑀𝑐𝑐𝑎𝑎 − 𝑀𝑀𝑐𝑐 
 

𝐴𝐴𝑐𝑐 =
𝑀𝑀𝑎𝑎

𝑀𝑀𝑑𝑑𝑡𝑡𝑠𝑠
× 100% 

 
𝑂𝑂𝑐𝑐 = 100% − 𝐴𝐴𝑐𝑐 

 
Where, Mdts is mass of dry test soil; Mcdts is mass of crucible with dry test soil; Mc is mass of 
crucible; Ma is mass of ash; Mca is mass of crucible with ash; Ac is ash content; Oc is organic 
matter content.      
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The soil structure and permeability code were identified according to the type of soil. 
A Standard Proctor Test (SPT) was carried out to determine the maximum dry density and 
optimum moisture content of soil samples by referring to ASTM D698-12e2 [28,29]. The soil 
sample (3 Kg) was dried in an oven at 110°C for 24 hours and was sieved by using a siever 
(4.75mm). In the 1st test, 150g of water was added and mixed thoroughly with the dried soil 
sample in a tray. The mass of the proctor mould with base, W1, with a volume of 1000 cm3, 
was recorded. The proctor mould was joined to the base and extension collar. The soil in the 
proctor mould was divided into 3 layers and each layer was compacted with 25 blows by using 
2.5kg of compaction rammer. The overall height of the three soil layers must slightly surpass 
the extension collar. Then the extension collar was removed and the soil exceeding the 
extension collar was removed by using a straight edge to make sure the compacted soil was the 
same level as the top of the mould. The mass of proctor mould with the base plate filled with 
moist soil, W2, was recorded. The base plate of the proctor mold was removed. Compacted 
soil was collected by using a spatula and put in a moisture can. The mass of moisture that can 
be found in moist soil, W4, was recorded. Moisture can be dried in an oven for 24 hours. The 
mass of moisture that can be found in dry soil, W5, was recorded. The remaining soil was 
broken off and mixed with the remaining soil in the tray for the next test. The procedures above 
were repeated for another 3 tests.      

An organic content test was conducted to identify the percentage of organic matter in 
the soil according to ASTM D2974. A dried soil sample was prepared. The mass of the empty 
crucible and the crucible filled with dry test soil were recorded. The crucibles filled with dry 
test soil were placed in a furnace at a 440°C temperature for 24 hours. The test soil was 
completely ash. The crucibles with ash were removed from the furnace and cooled down to 
room temperature. Then, the mass of crucibles with ash was recorded. The mass of dry test 
soil, the mass of ash, ash content, and organic matter content were calculated by using 
equations. 

2.2.3. Slope Length Factor (L) & Slope Steepness Factor (S) 

The combination of slope length factor (L) and slope steepness factor (S) is expressed as the 
topography of the slope, which gives the value scaled to the RUSLE experimental plot with a 
72.6ft slope length and 9% slope gradient. In the case of a steep slope, the length should be 
defined in the horizontal distance for RUSLE calculation, where the horizontal distance starts 
from the point where the origin of overland flow is reduced enough to start the deposition 
process or the surface runoff enters a well-defined channel [30]. Slope steepness can be defined 
by slope gradient effects on soil erosion [4,31]. In this study, the height and slope length were 
measured on site by using Google Earth and measuring tape. Figure 2 indicates the method to 
identify the slope gradient, slope angle, height and horizontal slope length. and are the 
equations to calculate L and S.  The equation of slope gradient is shown as follows: 

𝑆𝑆 = ℎ
𝜆𝜆

× 100%....................................................................  (1) 

𝜃𝜃 = tan−1 �ℎ
𝜆𝜆
�……………………………………………. (2) 

𝛽𝛽 = sin 𝜃𝜃÷0.0896
3.0(sin 𝜃𝜃)0.8+0.56

 ……………………………………… (3) 
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𝑐𝑐 = 𝛽𝛽
(1+𝛽𝛽) ………………………………………………… (4) 

Where, L is slope length; S is slope gradient; θ is slope angle; β is a constant; m is exponent; h 
is height; λ is horizontal slope length. 

 

Figure 2. Slope Gradient, Slope Angle, Height and Horizontal Slope Length 

2.2.4. Cover Management Factor (C) and Support Practice Factor (P) 

The cover management factor value was was standardized by the Ministry of Natural Resources 
and Environment Malaysia. In this study, the ground surface of the construction site at Curtin 
University Malaysia was bare soil and generally flat (no support practice), therefore both C- 
and P-factors were 1.0.  

2.3 Sediment Yield Estimation - Modified Universal Soil Loss Equation (MUSLE) 

MUSLE model was selected to estimate the sediment yield, which  can be expressed as  
𝑆𝑆 = 11.8(𝑉𝑉 × 𝑄𝑄𝑃𝑃)0.56.𝐾𝐾. 𝐿𝐿. 𝑆𝑆.𝐶𝐶.𝑃𝑃 . The V represents runoff depth in unit feet (ft) and Qp 
represents event peak discharge in unit cubic feet per second (ft3/s), while the variables K, L, 
C and P are the same as the RUSLE equation. Runoff depth (V) is equivalent to the height of 
rainwater collected in raingauge of each rainfall event. Ten rainfall events were collected and 
the rainfall depths were recorded from Jan to April 2021 at the construction site in Curtin 
University, Malaysia. The highest reading was selected to estimate the amount of sediment 
yield.  The Qp can be determined by using the Rational Method, 𝑄𝑄 =  𝐶𝐶𝐶𝐶𝐴𝐴. Where, C is runoff 
coefficient, I is rainfall intensity in in/hr and A is the catchment area in acres. 

3. Results and Discussion 

3.1. Soil Loss Estimation 

3.1.1. Runoff Erosivity Factor (R) 

The average monthly rainfall in 10 years (2009-2018) was obtained from the Malaysia 
Meteorological Department (Sarawak Branch) and used to estimate the R-factor (Figure 3). 
Within the period of 10 years, the minimum R-factor was determined to be 756.12 
MJ.mm/ha/year in 2016, whereas the maximum R-factor was determined to be 1,717.18 
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MJ.mm/ha/yr in 2009. The average R-factor for 10 years was estimated at 1,176.13 
MJ.mm/ha/yr (Table 2). 

 
Figure 3. Rainfall Data of Sarawak, Malaysia from 2009 to 2018. 

 

Table 2. R Factor From 2009 To 2018 

Year 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 

Rann (MJ 
mm ha-1 

yr-1) 

1717.18 1169.21 1308.29 982.46 1278.61 1057.95 1218.32 756.12 1126.12 1147.06 

Average: 1176.13 

3.1.2 Soil Erodibility Factor (K) 

 

Figure 4. USDA Soil Texture Triangle 

Grain size distribution analysis was carried out to identify the soil type at the construction site. 
The percentages of gravel, sand, silt, and clay were found to be 11.31%, 80.25%, 7.91%, and 
0.53%, respectively. The percentages of sand, silt, and clay were input into the USDA Soil 
Texture Triangle, and it was found that the soil at the construction site at Curtin University 
Malaysia was classified as sand as illustrated in Figure 4. Two soil samples were used for 
organic content tests. The organic matter in the soil was ignited under 440°C until the soil was 
completely ashed. The organic content of two samples was recorded at 2.50% and 2.74%, 
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averaging 2.62%. The soil samples consist of the majority of soil particles with a size of less 
than 1mm, which is classified as very fine granular. The permeability of soil samples was 
categorized as rapid. Figure 5 shows the soil erodibility nomograph. The information from soil 
samples such as sand percentage, organic content, soil structure, and permeability were input 
nto the nomograph to obtain the soil erodibility factor. The soil erodibility factor, K, was found 
to be 0.34 tons/hr/MJ/mm. 

 

Figure 5. Soil Erodibility Monograph [25] 

3.1.3. Slope Length Factor (L) & Slope Steepness Factor (S) 

The measurement of the horizontal slope is 109.13m while the height is 1.50m. The horizontal 
distance of the slope, 𝝀𝝀 was 358.04ft and the slope gradient was 1.37%. By using interpolation, 
the LS-factor where slope length coupled with slope steepness was found to be 0.30.  

3.1.4. Cover Management Factor (C) and Support Practice Factor (P) 

In this study, the ground surface of the construction site in Curtin University Malaysia is bare 
soil and generally flat (no support practice). Therefore both C- and P-factors were 1.0.  

3.1.5. Soil Loss Estimation 

The parameters of RUSLE can be determined by using the experimental methodology stated 
previously. The estimation of annual soil loss using RUSLE (As shown in Table 3, R = 
1176.13MJ mm ha-1 yr-1; K = 0.34 ton hMJ-1 mm-1; LS = 0.30; C and P = 1). The amount of 
soil loss at the construction site at Curtin University Malaysia was estimated at 119.97 
tons/ha/year. 

Table 3. Estimation of Soil Loss by Using RUSLE 
𝑨𝑨 = 𝑹𝑹𝑹𝑹𝑹𝑹𝑹𝑹𝑹𝑹𝑹𝑹 

R K LS C P A 
1176.13 MJ mm ha-1 yr-1 0.34 ton.hr/MJ/mm 0.30 1.0 1.0 119.97 tons/ha/year 



Tropical Aquatic and Soil Pollution 1(2), 2021, 62-73 

70 
 

There are some studies using RUSLE to estimate annual soil loss carried out in other places of 
Malaysia. There was an estimated 92.54 tons/ha/year of soil loss estimated in Penang Island, 
whereas there was 883 tons/ha/year of soil loss in Seremban [32, 33]. In comparison to Curtin 
University, annual soil loss in Penang Island is lower but Seremban is higher. Based on the 
case study in Penang Island, huge areas with different land uses (water bodies, urban 
settlements, forest, agriculture, bare land, and soil erodibility factors are involved. Penang 
Island owns land with C varying from 0 to 1, while most of the land has 0.001 to 0.004 [32]. 
On the other hand, Penang Island consists of different types of soil, with the soil erodibility 
varying from 0.07 to 0.1159 [32]. Similar to Penang Island, the land of Seremban consists of a 
water body, forest, rural areas, agriculture, open space, and urban. Seremban's open space is 
the primary source of soil loss (610.11 tons/ha/year) [33]. Besides that, there is a case study 
that focuses on the small catchment areas in Kuala Kari, Kelantan. Among the catchment areas, 
the highest soil loss is 1416.9 tons/ha/year, which is much higher than in this case study [34]. 
The runoff erosivity factor in Kuala Kari is much bigger than Curtin University. Overall, 
different places under different conditions (e.g. weather, soil type, topographic and land use) 
are the main factors that result in different results in annual soil loss. 

3.2. Sediment Yield Estimation 

MUSLE is used for the estimation of sediment yield. The highest rainfall depth was 12mm 
recorded by using raingauge, which is equivalent to 0.0393ft. The Rational Method (Q = CIA) 
was applied to identify the peak discharge as the area involved is less than 0.8 km2 or 80 
hectares (Ha) [32]. The Qp was determined at 11.265ft3/s. The remaining parameters, L-, S-, C-
, and P-factors, are similar to the RUSLE. The amount of sediment yield at the construction 
site at Curtin University Malaysia was estimated at 0.76 tonnes/storm event (Table 4). In Kuala 
Kari, Kelantan, the highest sediment yield is 87.14 tonnes/storm event, which is higher in 
comparison with this study's case. This is because the V and Qp are much higher in Kelantan, 
which are the main factors that affect the outcome of sediment yield [34]. Therefore, all the 
factors of RUSLE and MUSLE would affect the outcome of soil loss and sediment yield [35].     

Table 4. Estimation of Sediment Yield by Using MUSLE 

𝑹𝑹 = 𝟏𝟏𝟏𝟏.𝟖𝟖(𝑽𝑽 × 𝑸𝑸𝑹𝑹)𝟎𝟎.𝟓𝟓𝟓𝟓𝑹𝑹𝑹𝑹𝑹𝑹𝑹𝑹𝑹𝑹 
V Qp K LS C P S 

0.0393ft 11.265ft3/s 0.34 
ton.hr/MJ/mm 

0.30 1.0 1.0 0.76 tonnes/storm 
event 

 

4. Conclusion 

The amount of soil loss and sediment yield at the construction site at Curtin University 
Malaysia were determined. The RUSLE and MUSLE models were applied to determine the 
amount of soil loss and sediment yield, respectively. Several laboratory experiments such as 
rainfall harvesting, sieve analysis, hydrometer analysis, Standard Proctor Test (SPT) and 
organic content test were carried out to obtain the values of the parameters in the RUSLE and 
MUSLE. The amount of soil loss was approximately 119.97 tons/ha/year and the amount of 
sediment yield was approximately 0.76 tonnes/storm event. Therefore, the aims of this case 
study were achieved. Consequently, the rate of soil loss and sediment yield are affected by 
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anthropogenic activities. An excessive amount of soil loss raises the landslide problem, which 
threatens living life, and uncontrolled sedimentation causes flash floods. 
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