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Abstract - Soil erosion is a serious environmental challenge
which persistently diminishes available land resources globally.
The impact of soil erosion is more severe at hilly regions where
various techniques are deployed to evaluate its risk levels.
However, the traditional approach of estimating the magnitude
of erosion is tedious, costly, and considerably time consuming.
This study was intended to assess the risk associated with soil
erosion at hilly areas of Cameron Highlands through geospatial
means. The Digital Elevation Model (DEM) with Sm resolution
from Interferometric Synthetic Aperture Radar (IfSAR) was
utilized to generate the slope in the highlands. Soil erosion rates
was estimated using Universal Soil Loss Equation (USLE), while
information about land use and cover were sourced from
relevant government agencies. Inversed Distance Weighted
(IDW) method of spatial interpolation was applied to predict the
values of unknown pixels. The analysis shows that, there is 217.5
km? of the highlands which is greater than 45-degree accounted
for about 30.5% of the total land area. Moreover, erosion risk
assessment indicated that 66.3%, 11.4%, 11.7% and 10.8% are
respectively classified as very low, law, moderate and high
susceptible to soil erosion. In general, the risk of soil erosion is
relatively low and could be attributed to dense vegetation
coverage within the study watershed despite the steep slopes
where it was found to be at very high risk to soil erosion
susceptibility. However, there is need to deploy Dbest
management practices to reduce the effect of soil disturbances
at hilly areas and prevent excessive soil loss in future.

Keywords— Rainfall Erosivity, soil Erodibility, IfSAR, GIS,
USLE

1. INTRODUCTION

Soil erosion is one of the major environmental issues in
the world and is becoming a serious limiting factor for crop
production almost everywhere [1]. Soil erosion phenomenon
constitutes three main processes; the detachment of individual
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particle from the soil mass, transportation of those detached
particles by erosive agents such as wind or water and
deposition of those detached particles as sediments at
downstream [2, 3]. Thus, soil erosion affects ecology
negatively with consequences of reducing available lands for
other natural resources. These reductions include crop
productivity reduction, water pollution, and lower effective
capacity of water reservoirs. Its effect usually leads to
flooding, landslides, and destruction of habitats [4, 5].
Consequently, erosion can be described as a natural
geological phenomenon which occur as a resulting of removal
of soil particles by water or wind, transporting them elsewhere
[6-8].

Human activities on the other hand, such as agricultural
operations, deforestation, mining and conversion of forest to
agriculture exacerbate the process of soil erosion, particularly
on steep slopes with minimum or no control measures put in
place [5]. Erosion can also be accelerated by climate change,
tectonic activities, and other natural disasters [9—11]. Soil
erosion has become an environmental challenge in recent
years particularly in areas where there has been intensive use
of lands for agricultural activities and developments for
urbanization, like Cameron Highlands [12]. Furthermore, soil
erosion deteriorates water quality of the streams, aquatic life,
water conveyance systems, reservoirs, etc. The chemical
influx from pesticides, fungicide, and fertilizers applications
due to agricultural activities on hilly farms could be carried
and deposited downstream [13]. This could eventually alter
the chemical concentration such as sodium, potassium,
nitrogen, phosphorus, and heavy metals in the irrigation water
which affect the crop physiological process [14].

Previous studies established that, processes of soil erosion
are influenced by biophysical factors of environment
comprising of soil characteristics, climate, topography, soil
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cover and interactions between two or more factors [5, 15—
17]. Reference [8] shows that, terrain characteristics is
particularly crucial factor affecting the mechanism and
processes of soil erosion. This include slope, length, aspect
and shape and topography play a vital role in runoff
generation and transportation. There is direct relationship
between slope and runoff energy as such, the high the slope
more the runoff collected and thus reduces infiltration [2]. The
amount of runoff generated from high slope will tend to flow
though available drains which if not sufficient, would lead to
soil erosion.

Favorable weather condition in Cameron highlands
coupled with fertile soil provide conducive atmosphere for
crop cultivation. Though, the highlands have limited available
lowlands spaces, the expansion of farming has been initiated
on hills with considerable high slopes [5, 6]. Thus, farmers
mostly are those that were producing at commercial quantities
started shifting their operations to hillside areas as a potential
alternative. This activity then exacerbated soil erosion
processes in hilly areas particularly in Cameron Highlands
which has been faced with serious challenges of soil erosion
and landslide incidences.

There are several methods of estimating extent of erosion
and its associated risk of losing a valuable land resource. The
conventional way involves direct field measurements and
evaluation of erosion parameters [18]. These activities are
often laborious and costly because it requires considerable
time and energy inputs. However, geospatial techniques
nowadays, revolutionized the processes by making it simpler
and cost effective [19]. GIS and Remote Sensing have been
used to acquire ground information directly and process it
without physical contact with objects [20]. The benefits of
these tools become obvious particularly in areas that are not
easily accessible like hilly or remote forestlands. Study
conducted by Reference [21] discloses the ranges of degree of
accuracy within which the hilly areas can be effectively
studied through geospatial approach. However, the disaster
risks assessment using these tools is limited because
unavailability of data in some hilly regions [22].

The main purpose of this study was to assess the risks
associated with soil erosion susceptibility at hilly areas of
Cameron Highlands using USLE and geospatial approach. It
involved sourcing information from government agencies and
geostatistical procedure to generate areas vulnerable to
potential erosion risk.

II. MATERIALS AND METHOD

A. Study Area

Cameron Highlands is located at the Pahang of Peninsular
Malaysia and situated on Latitude of 4°28’N, and Longitude
of 101° 23’E. The average temperatures are 24°C and 14°C
during the day and night, respectively. The elevation ranges
between 1070 m and 2020 m above mean sea level with
average annual precipitation of 2660 mm [23]. The rainfall
occurs regularly in Cameron Highlands with relative peak
amounts during the two major monsoons of April and
November. The months of October and November are
considered the wettest months with monthly rainfall amount
of about 350 mm. Conversely, the least rainfall amount
normally happens in the month of January and February and
are the driest periods with rainfall amount of about 100 mm.
[21]. Spatial distribution of rainfall shows that, more rainfall
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occurs in southwestern region comprises of Kea Farm,
MARDI, Habu and Tanah Rata sub-catchments. The
Cameron Highlands watershed is regarded as a vital hill
station for the country which occupies an area of 712.18
square kilometers (Fig. 1). The area is surrounded by Kelantan
and Perak from north and west respectively and has a potential
for growing a wide variety of vegetables, flowers, and other
ornamental plants. The excellent climatic condition in the
highlands provides opportunity for agricultural activities as
the major business and attracts many tourists. However, the
gradual deterioration of the weather conditions coupled with
other environmental issues raised an alarm for investigation
of soil erosion issue [12].
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Fig. 1. Study area.

B. Assessment of Soil Erosion

The Cameron Highlands have been used for agricultural
activities on regions characterized with rampant steep slopes.
These operations make the highlands vulnerable to an
accelerated soil erosion and sedimentation of downstream
rivers. Consequently, it increases the risk of environmental
disasters such as erosion, landslides, sedimentation, etc.
Meanwhile, the agricultural area that have 45-degree slopes
and above are selected for the purpose of this assessment
using appropriate extension of ArcGIS10.5. The study area
has been reported that, more than 60 percent of the highlands
are above 15-degree slope [24]. Therefore, continue with
agricultural operations in such situation are considered unsafe
because it could lead to more erosion incidences.

Soil erosion can be estimated using Universal Soil Loss
Equation (USLE) as proposed by reference [25] and used in
many studies. This model was developed by the Department
of Agriculture, United States of America, to support decision
in soil conservation planning and management in Eq. (1). The
model was further modified by many researchers to improve
the prediction accuracy and to have wider range of
applications. Reference [26] presented a method for
estimating soil losses from fields of clay pan soils. Soil loss
ratios at different slopes were given for contour farming, strip
cropping, and terracing as well as limits for slope length for
contour farming.

A=RXKXLSXxCxP )
, Where
A = annual soil loss (tones/ha/year)
R =rainfall factor (MJ/mm/ha/yr)
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K = soil erodibility factor (ton hour/ MJ/mm)

LS = slope length and steepness factors (dimensionless)
C = vegetation and management factor (dimensionless)
P = support practice factor (dimensionless)

C. Rainfall Factor (R-factor)

As a numerical index, the R-factor describes the
aggressiveness of rainfall to erode a soil [27]. This factor is
directly influenced by changes in precipitation pattern and is
usually computed on monthly or yearly bases. There are many
methods available for estimating R-factor which utilized
different rainfall record series. Some methods used both
annual and monthly rainfall data while some used total annual
data only for computing the R-factor [28, 29]. This study uses
equation proposed by reference [29] for calculation of the R
factor based on empirical study in Indonesia as shown in Eq.
(2). This equation is applicable to Malaysia because of
similarity in climatic conditions with Indonesia and data for
annual precipitation is easier to obtain than pluviographic data
at 15 min intervals or less in a developing country.

_ 2.5P2
100(0.073P+0.73)

2
Where, P is the annual precipitation (mm)

D. Soil Erodibility (K-factor)

Tendencies of soil erosion depend largely on soil
resistance to both detachment and transportability of detached
particles [30, 31]. Some types of soil are not inherently
resistant and are susceptible to erosion more than the others.
K-factor of each soil is a function of its grain size, drainage or
permeability, structure, organic matter content and
cohesiveness of the aggregates. In addition, the K factor is a
function of percentage of silt and coarse sand, soil structure,
permeability, and soil type. In this study, the soil map was
obtained in high resolution image format from Department of
Agriculture, Malaysia (DOA). There are two classes of soil
types sighted in the Cameron Highland region [18]. The K-
factor value for those classes of the soil are extracted from the
reference [23] and presented in Table 1. Soil map was
considered as a basic layer to derive the K factor layer. The
vector soil map was converted into raster format using spatial
analyst tool in ArcGIS. The values of soil layer were classified
for each respective values of K factor using the reclassify tool
of Spatial Analyst extension and subsequently raster layer of
K factor was generated.

Table I. Soil erodibility factor in the study watershed.

Physical properties Soil series Code | K-Factor
Reddish yellow Podzolic soils | Soils of the Hills | STP 0.1100
with Lithosols on acid to | and Mountain

intermediate igneous rocks (Steep land)

Podzols and Lithosols on acid | Serdang  Kedah | SDG- 0.1160
igneous rocks at elevations of | Durian KDH-

above 5000 feet Association DG

E. Topography (LS-factor)

LS-factor which is commonly regarded as a topographic
factor has a profound influence on sediment transmittance and
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runoff characteristics throughout the runoff pathway. Many
farms are sited on high slopes usually greater than 45 degree
(Fig. 2). The L and S factors together signify the effect of
steepness and slope length on soil erosion. The USLE model
shows a combined effect of rill and inter-rill erosion. Rill
erosion is mainly initiated by surface runoff and increases in
downslope. Also, the inter-rill erosion is triggered principally
by rain splash and is static along the slope [32]. Therefore, the
L factor is greater where rill erosion tends to be greater than
inter-rill erosion. In this work, Moore and Burch equation was
applied to compute the LS factor in Eq. (3). The LS factor was
computed using parameters such as flow accumulation, cell
size and slope. It is observed that, the steeper and longer slope
more the risk of higher erosion in many existing studies [33—
35]. In this study, high resolution (5 m) digital elevation
model has been applied to determine the extent area coverage
of the hills to make classification based on slope gradients.
Thus, to attain the desirable degree of resolution, IfSAR
dataset was utilized. Flow accumulation was determined in
ArcGIS10.5 environment.

i Cell si 0.4 : 1 1.3
LS = (Flow accumulation X — Slze) (Sm(s Ope)) 3)
22.13 0.0896

Fig. 2. A typical Hilly Farm with slope greater than 45°.

F. Vegetation Cover (C-factor)

Soil erosion can be managed by adjusting the vegetation
coverage and rates of soil disturbance in the field. Besides,
erosion can be effectively reduced by increasing the amount
of vegetation through reforestation. In this study, eight classes
of vegetation covers were identified as Forest, water body,
scrub, flower, mixed horticulture, urban settlement, bare land
and tea farm. The C values for each vegetation class were
excerpted from Tenaga National Berhad Research [34] and
the reports of investigations established by previous studies
[35, 36].

G. Support Practice (P-factor)

Conservation practices factor (P) explains the effect of
erosion control practices on the soil such as sheltered
cropping, unsheltered cropping, terraces, silt fences,
subsurface drainage [21]. In some regions, alteration of
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support practices cannot be diagnosed via a land-use map
because it usually lead to poor results [24]. Therefore, field
investigation remains the best means to ascertain the level of
supporting practice being applied and to gather the
information required. In the present study, information about
conservation practices was obtained from field survey.
However, data on rain sheltered area was digitized from the 2
m resolution orthophoto for the entire project area [23]. Thus,
the practice helps to reduce the cost of data acquisition on soil
erosion affected area. Moreover, the studies obtained values
of conservation practices (P) from the Department of
Agriculture as shown in Table II [18]. This study presents
details the study procedure which begins by obtaining land
cover information, DEM from IfSAR, soil map and rainfall
data which finally produced soil erosion susceptibility model.

Table II. Classification of land use factor.

Structure/ Practices P factor
Bare land 1.0
Contour Planning 0.8
Grass Strip 0.5
Rain Shelter 0.1
Traditional Terraces 0.6

Moreover, the major activities involved for the erosion
model are presented in the flow chart (Fig. 3). It comprises of
four main input variables: Land cover, DEM, Soil Map and
Rainfall data. To validate the model, field verification was
conducted to ensure all farmlands are located within the slope
of interest for the successful risk assessment. This procedure
provides satisfactory outcome after visitation as most of the
processed slopes using ArcGIS were found in conformity with
what is obtainable in the field.

Soil Erosion
Modelling
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is clear that most of these regions are either developed or
undergoing the process of developments. The major crops
planted on hilly farms comprised of tea, fruits, and vegetables.
Moreover, major towns in the area include Tanah Rata, Kg.
Habu, Complex Pertanian, MARDI, Terrisu and Alurmasuk
sub-basins. It was found that these regions are undergoing
intensive agricultural operations and conversion of forest into
residential areas. This findings support the claim made by
reference [21] which is in agreement with the reports provided
by reference [18] that, there is rapid conversion of forest to
agricultural farms in Cameron Highlands. Although, large
agricultural farms (about 57.6 %) are prepared under shelter
system which ensure diversion of rain drops away from direct
contact with both crops and soil. However, the huge surface
runoff generated become a significant issue of concern that
require proper handling to avoid channel erosion and eventual
landslides [24]. This is understood since the high the slope,
the more runoff velocity because gravitational force is
increase with increase of potential difference. Thus, high
erosion risk is expected to occur at more sloppy lands
provided all other factors remain the consistent. Nevertheless,
erosion is bound to take place in both cases and that,
protective measures are required to minimize the degree of the
incidences.
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Fig. 3. Experimental flow diagram.

IIT. RESULTS AND DISCUSSION
A. Classification of Hilly Lands Based the Slopes

The result of slope analysis for the highlands shows that
217.5 km? (30.5 %) of the area is classified as high erosion
potential area whose slopes is 45 degree and above (Fig. 4). It

Fig. 4. Classification of highlands based on slope.
B. Rainfall Erosivity and Soil Erodibility

Figure 5 presents the rainfall erosivity assessment where
highest value of 1,540.5 MJ mmha'yr! is observed at area
around Kea Farm with corresponding minimum value of
2,326.7 MJ mmha'yr!. The high erosivity usually occurs at
southwestern part which includes Tanah Rata, Habu and
Ringlet as important towns with many agricultural farms.
Moreover, high erosive power indicates tendencies of the
rainfall to cause erosion and thus, efforts are required to
reduce its impacts. This demonstrates that, southwestern
regions are more vulnerable to erosion and therefore more
attention should be directed toward the region particularly
where farming operations are being conducted. Hulu Telom
and Kg. Raja sub-catchments for example, have lowest
erosivity values which shows that, there is less rainfall power
to cause erosion compared to other parts.

In Cameron highlands, there are to distinctive types of soil
as provided by reference [18] (Fig. 6). Both soil types of STP
and SDG-KDH-DG have their erodibility values as 0.11 and
0.116, respectively. The regions between Kea Farm and
Tanah Rata inclusively fall within SDG-KDH-DG soil type
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while all other parts are predominantly occupied with STP soil
type.
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C. LS, C and P Factors for Soil Erosion Estimation

The slope factor was calculated from Digital Elevation
Model in ArcGIS10.5 from which the LS factor was
computed and presented in Fig. 7. This operation involves the
use of a specified query (Agricultural operation and slope
gradient of > 45°). As stated above, 30.5 % of the total area
matched this requirement and thus, proceeds with next stage
of erosion risk assessment. The LS factor is a dimensionless
parameter and found in the range of 0 tol. Similarly, major
cover types are found as a forest, agriculture, residential area,
water body, and roads. For the agriculture alone, main crop
covers identified are tea, vegetables, fruits, and varieties of
valuable flowers. This finding support with the previous
reports by several researchers who worked in the same study
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watershed [5, 14, 23]. Moreover, this study adopts the same
supporting practices (P factor) as that of prepared by the
Department of Agriculture [18]. Both C and P factors are
dimensionless and ranged from 0 to 1 as well (Fig. 8).
Whenever their values approach zero, it indicates a bare land
surface with no vegetation cover and no soil conservation
measure in place. However, if the values approach one, it
shows a situation with full surface vegetation cover and
effective soil conservation strategies are put in place. In this
study, we found that large area (about 70 %) is covered with
forest while other form of land uses took the remaining
percentage. Nevertheless, agricultural activities is growing
and expected to continue to expand because of it economic
returns [23]. This operation becomes the second largest land
use after forestland which puts the soil at risk of erosion and
other form of environmental degradations such as floods,
landslides and sedimentation of rivers [5].
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D. Potential Erosion and Susceptibility Assessment

The annual soil loss map for each sub-catchment in
Cameron Highlands were produced by clipping each R, K, LS,
C and P values of the selected catchment area from the
original factors. The raster calculator was employed to
overlay the clipped factors to produce the annual soil loss map
for each sub-catchments of the Cameron Highlands, that is
upper catchment and lower farmlands (Fig. 9). In this study,
the annual soil loss produced from the sub-catchments of
Telom and Bertam regions are computed as 38 t ha''year! and
73.9 t ha'lyear! respectively. Comparing with soil erosion
classification standards by DID, it shows that this rate of soil
erosion in Cameron Highlands watershed was at high side and
thus, control measures need to be put in place. Although, the
area coverage of the two major sub-catchments (Telom and
Bertam) are almost the same, however, the erosion rates were
found significantly different. This could be attributed to the
high erosivity of rainfall which was found in the Bertam while
lower in Telom sub-catchments. Also, the different in land use
is another crucial factor responsible the huge soil loss in
Bertam sub-catchment since the largest agricultural
operations as well as massive land developments are being
conducted therein [21, 23, 36].

In addition, the soil type in Bertam is completely SDG-
KDH-DG which is slightly more erodible than STP, which is
present at some parts of Telom catchment. It is found that,
Tanah Rata, Habu and Ringlet sub-basins are among the areas
fall within high erosion zones, which could be due to the
intensive agricultural operation and devilments going on in
the regions. This result is consistent with report provided by
reference [18] that lower catchment of Cameron Highlands
could have suffer more erosion cases. Nonetheless, Hulu
Telom, Kg. Baru and Kg. Raja sub-watersheds are among the
area under Telom sub-catchment with less susceptible to
potential erosion. This could be explained by the fact that,
relatively more resistant soil is found in the region.

Furthermore, this study utilized the computed soil erosion
factors (USLE) to extract the annual soil losses in each sub-
regions of interest as earlier described. Thereafter, spatial
distributions of soil erosion risk within the agricultural hilly
areas of Cameron Highlands was developed. The soil erosion
layer has been classified into four severity zones as very low,
low, moderate and high classes of soil loss for clear
interpretations.

E. Susceptibility of Erosion and Risk Zoning

In this study, we introduced soil erosion risk zoning to
ease identification and managing hilly farm erosion problems.
The grid sizes of approximately 1 km? were constructed
alongside with potential erosion risk map (Fig. 10).
Furthermore, the susceptibility is then expressed in term of
full grid, half grid or quarter grid sizes. The advantage of this
approach is that, both farmers and management can easily
trace a vulnerable farm when the coordinates matched with
the actual farm. It is clear that, farmlands at Ringlets, Kea
Farm, and Tanah Rata regions exhibit more intense soil
erosion and thus, are more susceptible. This was found
consistent with the study conducted by reference [5], where
the same regions are reported having high potential soil
erosion and sediment yields. The erosion zones represented
by erosion classes can be interpreted considering the portion
of grid occupied with potential risk. Conversely, most of hilly
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areas with no agricultural activities are classified as very low
erosion prone areas.
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Moreover, the study reveals that 66% of the study area is
classified as very low erosion risk with annual soil loss of 1
ton halyr! or less as, indicated by erosion risk analysis of the
selected area (Table III). Meanwhile, the area of 10.8 % is
classified as high susceptible erosion zone with total annual
soil loss greater than 15 ton ha'yr!. This finding was also
found consistent with the studies conducted in the same
catchments area [5, 36-39]. Reference [38] reported that the
risk of soil erosion in Cameron Highlands is generally law,
however, the erosion rate is on increase with a greater
tendency of potential soil loss. Moreover, reference [39]
simulated soil erosion related to farming activities at
highlands area and arrived at the conclusion that high risk of
erosion is largely influenced by agricultural activities. In
addition, the outcome of this study indicated about 10% of
the study watershed is under high class of soil erosion which
confirmed the find of reference [36]. Furthermore, the
regions indicated by high soil erosions such as Tanah Rata
and Ringlets are reported by earlier study to have severe form
of soil loss due to intense agricultural operations and
developments for residential and recreational areas [36, 38,
39]. Thus, the current study is found relevant which supplied
an updated information that is useful for the management
toward effective policy making and strategies for soil
conservation at the highlands regions.

Table I11. Soil erosion classes in the study area.

No | Class Soil loss (t ha™! year?) | Area (%)
1 Very Low 0-1 66.12
2 Low 1-5 11.37
3 Medium 5-15 11.71
4 | Hign >15 10.80

IV. CONCLUSION

Soil erosion risk assessment was conducted at agricultural
hilly farms of Cameron Highlands. Firstly, the terrain slope
of the watershed was classified into high and low susceptible
slopes where the study concentrates on high susceptible for
the risk level assessment. It was found that sizable portion of
the study watershed is categorized as high erosion risk
potential. Moreover, the study gathered that erosion zoning
strategy assists for easy identification and evaluation of
farmland base on erosion status. This is particularly
important findings in such a way that, an effective soil
conservation measures could be deployed at appropriate
locations depending on the risk level. It is, therefore,
eliminates waste of energy and time as well as ensuring
economic use of resources. This is key step for both farms
and management toward effective strategy to combat the
potential soil erosion.

ACKNOWLEDGEMENT

The authors would like to acknowledge the support by
Ministry of Higher Education (MOHE) and Universiti Putra
Malaysia (UPM) for funding this research under grand
number LRGS-NANOMITE/5526305. The supports given by
Bayero University Kano, Tertiary Education Trust Fund
(TETFUND), Department of Irrigation and Drainage (DID),

e-ISSN: 2682-8383

Malaysia, and Cameron Highlands Farmers’ Association are
very much appreciated.

REFERENCES

[1] S. B. Gonzalez-Morales, A. Mayer and N. Ramirez-Marcial,
“Assessment of Soil Erosion Vulnerability in The Heavily Populated
and Ecologically Fragile Communities in Motozintla de Mendoza,
Chiapas, Mexico,” Solid Earth, vol. 9, no. 3, pp. 745-757, 2018, doi:
10.5194/se-9-745-2018.

[2] A.Pandey, S. K. Himanshu, S. K. Mishra and V. P. Singh, “Physically
Based Soil Erosion and Sediment Yield Models Revisited,” CATENA,
vol. 147, pp- 595-620, 2016, doi:
https://doi.org/10.1016/j.catena.2016.08.002.

[3] M. R. Neal, M. A. Nearing, R. C. Vining, J. Southworth and R. A.
Pfeifer, “Climate Change Impacts on Soil Erosion in Midwest United
States with Changes in Crop Management,” Catena, vol. 61, no. 2-3
SPEC. ISS., pp. 165-184, 2005, doi: 10.1016/j.catena.2005.03.003.

[4] A.A.Ghani, C. H. Lo and S. L. Chung, “Basaltic Dykes of the Eastern
Belt of Peninsular Malaysia. The Effects of the Difference in Crustal
Thickness of Sibumasu and Indochina,” J. Asian Earth Sci., vol. 77, pp.
127-139, 2013, doi: 10.1016/j.jseaes.2013.08.004.

[5] B. Pradhan, A. Chaudhari, J. Adinarayana and M. F. Buchroithner,
“Soil Erosion Assessment and Its Correlation with Landslide Events
Using Remote Sensing Data and GIS: A Case Study at Penang Island,
Malaysia,” Environ. Monit. Assess.,vol. 184, no. 2, pp. 715-727,2012,
doi: 10.1007/s10661-011-1996-8.

[6] A.T.Sholagberu, M. R. Ul Mustafa, K. Wan Yusofand M. H. Ahmad,
“Evaluation of Rainfall-runoff Erosivity Factor for Cameron
Highlands, Pahang, Malaysia,” J. Ecol. Eng., vol. 17, no. 3, pp. 1-8,
2016, doi: 10.12911/22998993/63338.

[7] K.Renard, G.R. Foster, G. A. Weeises, D. K. McCool and D. C. Yoder,
Predicting Soil Erosion by Water: A Guide to Conservation Planning
with Revised Universal Soil Loss Equation (RUSLE), Agriculture.
United Stated Department of Agriculture, Agriculture Handbook 703,
1997.

[8] Y.H.Liu,D. H. Li, W. Chen, B. S. Lin, U. Seeboonruang and F. Tsai,
“Soil Erosion Modeling and Comparison Using Slope Units and Grid
Cells in Shihmen Reservoir Watershed in Northern Taiwan,” Water
(Switzerland), vol. 10, no. 10, 2018, doi: 10.3390/w10101387.

[9] A. F. Abdullah et al, “Impacts of Climate Change on Soybean
Production Under Different Treatments of Field Experiments
Considering the Uncertainty of General Circulation Models,” Agric.
Water Manag., vol. 205, no. May, pp. 63-71, 2018, doi:
10.1016/j.agwat.2018.04.023.

[10] F. Azim, A. S. Shakir, Habib-ur-Rehman and A. Kanwal, “Impact of
Climate Change on Sediment Yield for Naran Watershed, Pakistan,”
Int. J. Sediment Res., vol. 31, no. 3, pp. 212-219, 2016, doi:
10.1016/j.ijsrc.2015.08.002.

[11] O. Serdeczny et al., “Climate Change Impacts in Sub-Saharan Africa:
from Physical Changes to Their Social Repercussions,” Reg. Environ.
Chang., vol. 17,no. 6, pp. 1585-1600, 2017, doi: 10.1007/s10113-015-
0910-2.

[12] A. Razali, S. N. Syed Ismail, S. Awang, S. M. Praveena and E. Zainal
Abidin, “Land Use Change in Highland Area and Its Impact On River
Water Quality: A Review Of Case Studies in Malaysia,” Ecol. Process.,
vol. 7,no. 1, pp. 19, 2018, doi: 10.1186/s13717-018-0126-8.

[13] M. R. Mispan, S. H. Haron, B. S. Ismail, N. F. Abd Rahman, K. Khalid
and M. Z. Abdul Rasid, “The Use of Pesticides in Agriculture Area,
Cameron Highlands,” Int. J. Sci. Prog. Res., vol. 15, no. 1, pp. 19-22,
2015.

[14] C. J. Barrow, J. CLifton, C. W. CHan and Y. L. TAn, “Sustainable
Development in the Cameron Highlands, Malaysia,” J. Environ.
Manage., vol. 6, pp. 41-57, 2005.

[15] J. M. Van der Knijff, R. J. A. Jones and L. Montanarella, “Soil Erosion
Risk Assessment in Europe,” EUR 19044 EN. Luxemb. Off. Off. Publ.
Eur. Communities, vol. EUR 19044, no. EN, pp. 32, 2000, doi:
citeulike-article-id:13481385.

[16] M. B. Gasim, M. Mokhtar, S. Surif, M. E. Toriman, S. A. Rahim and
P. I. Lun, “Analysis of Thirty Years Recurrent Floods of the Pahang
River, Malaysia,” Asian J. Earth Sci., vol. 5, no. 1, pp. 25-35, 2012,
doi: 10.3923/ajes.2012.25.35.

[17] T. H. Oliver et al., “Large Extents of Intensive Land Use Limit
Community Reorganization During Climate Warming,” Glob. Chang.
Biol., vol. 23, no. 6, pp. 2272-2283,2017, doi: 10.1111/gcb.13587.

12



Special Issue 1 (2020)

[18] DID, Urban Stormwater Management Manual for Malaysia, 2nd ed.
Kuala Lumpur, Malaysia All: Department of Irrigation and Drainage
(DID) Malaysia, 2012.

[19] B.J. Fagbohun, A. Y. B. Anifowose, C. Odeyemi, O. O. Aladejana and
A. 1. Aladeboyeje, “GIS-based Estimation of Soil Erosion Rates and
Identification of Critical Areas in Anambra Sub-Basin, Nigeria,”
Model. Earth Syst. Environ., vol. 2, no. 3, pp. 159, 2016, doi:
10.1007/s40808-016-0218-3.

[20] I. C. Nicu and A. Asandulesei, “GIS-based Evaluation of Diagnostic
Areas in Landslide Susceptibility Analysis of Bahluiet River Basin
(Moldovan Plateau, NE Romania). Are Neolithic Sites in Danger?”
Geomorphology,  vol. 314,  pp. 2741, 2018, doi:
10.1016/j.geomorph.2018.04.010.

[21] S. H. Teh, “Soil Erosion Modeling Using RUSLE and GIS on Cameron
Highlands, Malaysia for Hydropower Development ” Unpublished MSc
Thesis. School for Renewable Energy Science in affiliation with
University of Iceland & University of Akureyri, 2011.

[22] L. Basher et al, “A Preliminary Assessment of The Impact of
Landslide, Earthflow, and Gully Erosion on Soil Carbon Stocks in New
Zealand,” Geomorphology, vol. 307, pp. 93-106, 2018, doi:
10.1016/j.geomorph.2017.10.006.

[23] A. Wayayok, N. M. Nasidi and A. F. Abdullahi, “Erosion and Sediment
Control Guidelines for Agricultural Activities in Hilly Areas: Case
Study of Cameron Highlands, Malaysia,” Unpublished document
presented to Department of Agriculture, 2018.

[24] W. Wischmeier and D. Smith, Predicting Rainfall Erosion Losses- A
Guide to Conservation Planning. U.S. Department of Agriculture
Handbook. U S. Department of Agriculture, 1978.

[25] D. Smith and Whitt, “Estimating Soil Losses from Field Ares of
Claypan Soil,” in Soil Science Society of America Proceedings, pp.
485-490, 1947.

[26] X. Duan, Z. Gu, Y. Li and H. Xu, “The Spatiotemporal Patterns of
Rainfall Erosivity in Yunnan Province, Southwest China: An analysis
of Empirical Orthogonal Functions,” Glob. Planet. Change, vol. 144,
pp- 82-93,2016, doi: 10.1016/j.gloplacha.2016.07.011.

[27] A. A. Fenta et al., “Spatial Distribution and Temporal Trends of
Rainfall and Erosivity in the Eastern Africa Region.,” Hydrol. Process.,
vol. 31, no. 25, pp. 45554567, 2017, doi: 10.1002/hyp.11378.

[28] W. Qin, Q. Guo, C. Zuo, Z. Shan, L. Ma and G. Sun, “Spatial
Distribution and Temporal Trends of Rainfall Erosivity in Mainland
China for 1951-2010,” Catena, vol. 147, pp. 177-186, 2016, doi:
10.1016/j.catena.2016.07.006.

e-ISSN: 2682-8383

[29] P. Bols, “The Iso-erodent Map of Java and Madura. Belgian Technical
Assistance Project ATA 105, Soil Research Institute, Bogor. Choy,
Indonesia,” 1978.

[30] Y. Ostovari, S. Ghorbani-Dashtaki, H. A. Bahrami, M. Naderi, J. A. M.
Dematte and R. Kerry, “Modification of the USLE K Factor for Soil
Erodibility Assessment on Calcareous Soils in Iran,” Geomorphology,
vol. 273, pp. 385-395, 2016, doi: 10.1016/j.geomorph.2016.08.003.

[31] F. Yang and C. Lu, “Spatiotemporal Variation and Trends in Rainfall
Erosivity in China’s Dryland Region During 1961-2012,” Catena, vol.
133, pp. 362-372, 2015, doi: 10.1016/j.catena.2015.06.005.

[32] A. C. Amanambu et al., “Spatio-temporal Variation in Rainfall-Runo
Ff Erosivity Due to Climate Change in the Lower Niger Basin, West
Africa.,” CATENA, wvol. 172, pp. 324-334, 2018, doi:
10.1016/j.catena.2018.09.003.

[33] Tenaga National Berhad Research, “Progress Report 4: An Impact
Study of Different Land Use Type to Hydro Power Generation in
Cameron Highlands,” 2005.

[34] X. Li and X. Ye, “Variability of Rainfall Erosivity and Erosivity
Density in the Ganjiang River Catchment, China: Characteristics and
influences of climate change,” Atmosphere (Basel)., vol. 9,no.2,2018,
doi: 10.3390/atmo0s9020048.

[35] P. Pheerawat and P. Udmale, “Impacts of Climate Change on Rainfall
Erosivity in the Huai Luang Watershed, Thailand,” Atmosphere
(Basel)., vol. 8, no. 8, 2017, doi: 10.3390/atmos8080143.

[36] N. M. Nasidi, A. Wayayok, A. F. Abdullah and M. S. M. Kassim,
“Spatio-temporal Dynamics of Rainfall Erosivity Due to Climate
Change in Cameron Highlands, Malaysia,” Model. Earth Syst.
Environ., 2020, doi: 10.1007/s40808-020-00917-4.

[37] N. M. Nasidi, A. Wayayok, F. A. Abdullah and M. S. M. Kassim,
“Vulnerability of Potential Soil Erosion and Risk Assessment at Hilly
Farms using InSAR Technology,” Alger. J. Eng., vol. 2, no. 2, pp. 44—
58,2020, doi: doi.org/10.5281/zenodo.3841100.

[38] A. F. Abdullah, A. Wayayok, N. M. Nasidi, K. Hazari S. A. F, L. M.
Sidek and Z. Selamat, “Modelling Erosion and Landslides Induced by
Faming Activities at Hilly Farms,” J. Teknol., vol. 6, pp. 195-204,
2019.

[39] A. R. Mohd-Ariffin, Z. Md Ali, R. Zainol, S. Rahman, K. H. Ang and
N. Sabran, “Sustainable Highland Development Through Stakeholders’
Perceptions on Agro EcoTourism in Cameron Highlands: A
Preliminary Finding,” SHS Web Conf., vol. 12, pp. 01086, 2014, doi:
10.1051/shsconf/20141201086.

13



