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Abstract 
 

This work was conducted at hilly farms of Cameron Highlands to model the 

incidences of soil erosion and landslides using historical data and field 

observations. IfSAR data with spatial resolution of 5 m was used which enable 

clear observation and delineation of the geographic features within the study 

area. Field visits were conducted to various places where landslides occurred 

on agricultural farms in order to validate the model. Also, the rate of soil 

erosions was evaluated using geospatial techniques. The potential landslide 

event and its probability of occurrence were combined using bivariate 

statistical analysis. The results revealed that most of the landslides incidents 

were occurred at areas with intensive agricultural activities with no proper 

erosion control measures. It was gathered that more than 75% of landslides 

occurred in agricultural activities areas are under sheltered farms. The annual 

soil erosion rates in both Telom and Bertom Catchments ware 38 ton /ha/year 

and 73.9 ton /ha/year respectively. It was revealed that, there is high risk of 

erosion-induced landslides in agricultural farms. However, the erosion induced 

landslide map shows that most the landslide occurred close to the rivers. This 

indicated that both agricultural operations and proximity to rivers are 

influencing factors for the incidences. 

Keywords: Farming activities, soil erosion, landslide, sediment, geospatial 

 

Abstrak 
 

Kerja ini dijalankan di kawasan ladang berbukit terletak di Cameron Highlands 

untuk memodelkan hakisan tanah dan tanah runtuh menggunakan data 

sejarah dan pemerhatian lapangan. Data IfSAR dengan resolusi spasial 5 m 

telah digunakan untuk membolehkan pemerhatian dan penentuan ciri-ciri 

geografi dalam kawasan kajian dengan jelas. Lawatan lapangan dijalankan 

ke pelbagai tempat di mana tanah runtuh berlaku di ladang pertanian untuk 

mengesahkan model ini. Juga, kadar hakisan tanah dinilai menggunakan 

teknik geospatial. Kejadian tanah runtuh yang berpotensi dan kebarangkalian 

berlaku kejadiannya digabungkan menggunakan analisis statistik bivariat. 

Hasil kajian menunjukkan bahawa kebanyakan kejadian tanah runtuh berlaku 

di kawasan yang mempunyai aktiviti pertanian intensif tanpa langkah 

kawalan hakisan yang betul. Ia dapat dirumuskan bahawa lebih daripada 

75% tanah runtuh berlaku di kawasan-kawasan aktiviti pertanian di bawah 
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1.0  INTRODUCTION 
 

Landslide is a natural disasters typically occur as a 

results of mass movement of earth, rocks, debris, or 

mud down a slope. It often associated with triggering 

factors such as an earthquake, a large storm, erosion 

or rapid snowmelt [1]. A landslide event usually occurs 

in multiple incidences that claims human lives, 

properties or both [1, 2]. The term "landslide" 

encompasses five methods of slope movement: falls, 

topples, slides, spreads, and flows. These are further 

segmented by the nature of geologic material into; 

bedrock, debris and earth [2, 3]. 

Moreover, the debris flows, commonly referred to 

as mudslides is an example of the most common 

landslides (Figure 1). In a global context, landslides are 

referred as "mass wasting" which symbolizes any form 

of down-slope movement of soil and rock under direct 

influence of gravity [3]. However, excessive cultivation 

of highland areas inspires high runoff generation 

which eventually led to excessive soil erosion. 

Consequently, it deteriorates the ground slopes and 

exacerbates the processes of landslides [4]. 

In recent times, more hilly lands were opened and 

leveled for intensive crop production at Cameron 

Highlands. Although, the overall agricultural coverage 

is relatively small but mostly done on steep slopes [4]. 

[5] reported that, the high usage of fertilizer and 

pesticides by local farmers, accompanied by 

increased frequency of major storms had given rise to 

high soil erosion and environmental pollution. This 

causes a serious soil erosion which produce large 

amounts of sediments and increases risk of landslides 

[3]. The resulting sediments are then transported and 

deposited in the storage dam or river networks. 

Hence, reduces the active storage capacity and 

eventually shortening life span of the reservoirs. In 

addition, the reduced reservoirs may eventually lead 

over flooding, erosion and landslides. 

Nowadays, geospatial techniques have greatly 

assist for assessing risk level of many environmental 

hazards, including landslides. [6] used GIS-based 

techniques to determine landslide susceptibility and 

found that, about 70% of the area is located within 

high and very high susceptibility zone. This signifies that 

majority of the occupants are leaving in danger of 

being destroyed in future due to landslides. Similarly, 

[2] conducted future assessment of landslides and soil 

erosion events on sediment resources in Thailand from 

economic outlooks. The results showed huge 

economic lost to affect the people due to expected 

annual landslide damages which requires necessary 

proactive measures. 

However, susceptibility mapping provides 

evidence about vulnerable locations and helps to 

potentially reduce infrastructure damage due to mass 

wasting. Thus, the ability to discover the lithology layer 

and slope aspects is essential to detect possible 

occurrence of landslides being the most dominant 

factors of landslide [7]. The direct impact of landslides 

on household income was estimated in tropical 

regions of Uganda in order to investigate the 

presence of specific risk sharing and mitigation 

strategies towards landslides [8]. The study revealed 

that, the income of affected households by landslides 

is considerably reduced. The households that are 

affected by recent landslides are mostly participated 

in self-employed activities. The poverty incurred was 

attributed to non-relief materials to compensate for 

the huge economic loss from agriculture.   

Therefore, the aim of this study was to develop a 

landslide susceptibility model which will disclose the 

influence of soil erosion from agricultural farms on the 

occurrence of landslides at Cameron Highlands. This 

could be achieved through conducting an inventory 

survey and field study on soil erosion and landslide 

affected areas. This helps to identify and establish 

erosion-induced landslides risk maps. Other factors 

such as proximity to river, sheltered and open farming 

systems as they contribute to the problem were 

examined appropriately. 

  

ladang terlindung. Kadar hakisan tanah tahunan di lebaran Telom dan Bertam 

masing-masing berjumlah 38 tan/ha/tahun dan 73.9 tan/ha/tahun. Ia juga 

telah mendedahkan bahawa, terdapat risiko tinggi tanah runtuh akibat dari 

hakisan tanah di ladang pertanian. Walau bagaimanapun, peta tanah runtuh 

akibat hakisan menunjukkan bahawa kebanyakan tanah runtuh berlaku 

berhampiran sungai. Ini menunjukkan bahawa kedua-dua operasi pertanian 

dan berdekatan dengan sungai mempengaruhi faktor-faktor untuk kejadian 

ini. 

 

Kata kunci; Aktiviti perladangan, hakisan tanah, tanah runtuh, sedimen, 

geospatial 
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Figure 1 A typical Landslide incident at Cameron highlands 

 

 

2.0  METHODOLOGY 
 

2.1  Location of Study Area 

 

This study was conducted at Cameron Highlands, a 

district in Pahang, Malaysia. It is considered as one of 

the most important hill stations in the country which 

occupies an area of 712.18 square kilometers and 

situated on Latitude of 4◦28’N, and Longitude of 

101◦23’E [5]. The highlands shared boundaries to 

Kelantan and Perak from the north and west 

respectively. The major towns located within Cameron 

Highlands are Ringlet, Tanah Rata, Brinchang and 

Kampung Raja. The highlands lied on altitude 

between 1070 m and 1830 m above mean sea level 

[9]. The natural weather condition of Cameron 

Highlands provides opportunity for agricultural 

activities and many tourist attractions such as tea 

plantations, tea factories, rose gardens, strawberry 

farms, natural waterfalls, golf courses and aging 

colonial-style living homes offering a historical 

memory. 

 

2.2  Landslide Incident Inventories 

 

Historical landslide inventories refer to the total sum of 

many landslide events that have occurred over time 

period. The landslide inventory was prepared from 

historical records, remote sensing and field data 

measurements. High-resolution SPOT fused images 

and aerial photo (0.1 m) were used for the visual 

detection of landslides in the study area. Since some 

landslides may occur under vegetation or in areas 

that are invisible in the satellite images, those 

landslides incidences were gathered by field 

measurements (for new landslides) and historical 

records (for old landslides). 

Inventory data published by the Department of 

Mineral & Geoscience Malaysia (Malay: Jabatan 

Mineral & Geosains Malaysia, JMG) showed that most 

of the landslide incidents had occurred at areas with 

intensive agricultural activities, proving that 

anthropogenic activities are among the major 

contributors to soil erosion and landslides occurrences. 

Field studies were conducted in order to examine 

new landslides which were not in the recorded 

dataset. For example, Figure 1 illustrates a newly case 

of landslide at the period when the study was on 

going. The location of such incidences was recorded 

using GPS device and the number was added to that 

obtained from Department of Mineral & Geoscience 

Malaysia. Through this process, a total of 625 landslides 

incidents were generated for the analysis. Moreover, 

the activity of each location was assessed and 

classified either agricultural or non-agricultural area. 

Depending upon the activity in the surrounding 

landslide location, whenever the location of the 

landslide is at farm or downstream of the farm 

meaning that, the drains are flowing towards the 

point, such incidents are counted as part at farming 

area. Otherwise, is counted as a landslide at non-

agricultural area. 

 

2.3 Soil Loss Estimation using Universal Soil Loss 

Equation (USLE) 

 

Water is the main agent responsible for soil erosion in 

Malaysian climate and causes many forms 

environmental degradation [10]. This problem 

includes soil erosion, sedimentation of rivers and 

frequent flooding [3]. Sedimentation and soil erosion 

include the processes of detachment, transportation 

and deposition of solid particles also known as 

sediments [11]. The forms of water responsible for soil 

erosion are raindrop impact, runoff and flowing water 

[12]. Erosion from mountainous areas and agricultural 

lands are the major source of sediment transported by 

streams and deposited in reservoirs, flood plains and 

deltas [13]. Sediment load is also generated by erosion 

of beds and banks of streams, the mass movements of 

sediment such as landslides, rockslides and mud flows, 

as well as by construction activity of roads, buildings 

and dams [7]. 

The annual average erosion from a given 

geographical area and time could be computed by 

using USLE (Equation 1). USLE is an erosion model 

developed by the United States of America, 

Department of Agriculture to support decision making 

in soil conservation planning and management. The 

model was further modified to improve the prediction 

accuracy and to be applicable universally. The 

revised universal soil loss equation (RUSLE) has the 

same factors as the former, except that in each 

element, efforts were made to involve many more 

influencing factors in order to make it widely 

applicable in many field [10, 11]. Both USLE and RUSLE 

are being used to compute computes the average 

annual soil.  

 

A = R. K. LS. C. P     (1) 

 

Where: A = annual soil loss (tones/ha/year) 

R = rainfall factor (MJ-mm/ha/ha/year) 
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K = soil erodibility factor (ton hour/ MJ/mm) 

L x S = slope length and steepness factors, 

respectively (dimensionless) 

C = vegetation and management factor 

(dimensionless)  

P = support practice factor (dimensionless) 

 

The Modified Universal Soil Loss Equation (MUSLE) is 

another improvement made in the same direction of 

quantifying the sediment load [10]. MUSLE is perhaps 

the most frequently used equation for sediment yield 

estimation to calculate sediment yields from a 

catchment area as a result of a specific storm event 

(Equation 2). 

 

Y=89.6(VQp)0.56 (K. LS. C. P)   (2) 

 

Where: 

Y =Sediment yield per storm event (tons) 

V =Runoff volume (m3) 

Qp =Peak Discharge (m3/s) 

K, LS, C and P have the usual meaning 

 

2.4  Rainfall Erosivity Factor (R) 

 

Long time hydrological data (more than 30 years) was 

obtained from the Hydrological Station of the 

Department of Irrigation and Drainage (DID) Malaysia. 

The data available was in days and from eight 

meteorological stations within the study area (Table 

1). In this study, equation proposed by Bols [14] was 

used to calculation of the rainfall erosivity factor (R 

factor) based on empirical study (Equation 3). The 

annual precipitation was collected together with 

geographical locations from each meteorological 

station and applied in the equation. 

 

R = 2.5*P2/(100(0.073P + 0.73))                (3) 

 
Where; P is annual precipitation in mm 

 

Table 1 Annual Precipitation for each Meteorological Station 

 

Meteorologic

al Station 

Longitude Latitude Annual 

Precipita

tion 

(mm) 

Telanok 101o31’25.36’’ 4o21’16.63’’ 2308.25 

Tanah Rata 101o22’36.42’’ 4o28’12.45’’ 2453.63 

Mardi 101o23’06.72’’ 4o28’06.73’’ 2425.26 

Terisu 101o29’20.80’’ 4o31’26.86’’ 1886.09 

Raja 101o24’34.61’’ 4o33’59.01’’ 2308.27 

Alurmasuk 101o28’45.49’’ 4o30’43.18’’ 1756.93 

Ladang teh 101o24’58.43’’ 4o30’56.13’’ 2327.73 

Kajiklim Habu 101o23,28.65’’ 4o26’23.43’’ 2285.15 

 

 

2.5 Soil Erodibility Factor (K) 

 

Soil erodibility factor represents soil component in 

erosion studies and is a function of geology type. The 

geology data was derived from Peta Geologi 

Semenanjung Malaysia provided by Jabatan Mineral 

dan Galian, 2004. There are basically two types of 

geology in Cameron Highland which are Intrusive 

rocks and Silurian Ordovician [15]. K-Factor is a 

function of percentage of silt and coarse sand, soil 

structure, permeability of soil and the percentage of 

organic matter contain. K factor is a measure of soil 

resistance against erosion agents and is determined 

based on the soil type [16]. Table 1 presents K values 

for the two classes which were used for this study and 

are extracted from the Agricultural Handbook [17, 18]. 

Table 2 presents various soil types and the 

corresponding K factor as used in this study. 
 

Table 2 Soil types and their K factor values 

 

Soil series (types) K-factor 

Serong 0.1144 

Selangor kangkong association 0.07 

Rengam 0.09 

Kuala-kedah permatang association. 0.1125 

Steep land 0.1100 

Rengam bukit temiang association 0.1159 

Local alluvium–colluvium association 0.1137 

Urban land 0.1102 

 

 

2.6  Topographic Factor (LS) 

 

Topographic factors represent the combined effect of 

slope length (L) and slope steepness (S). L and S 

factors are often used together because they all 

translate the energy due to gravity associated with 

flow. The amount of erosion increases with increases in 

slope length [12, 19]. The slope length is described as 

the distance along the flow path, from the origin of 

overland flow down to the point where deposition 

begins to occur (on concave slopes) or to a point of 

flow concentration [16]. In USLE model, the effects of 

rill and inter-rill erosion are represented together. But rill 

erosion is mainly caused by surface runoff and 

increases downslope because the runoff increases in 

this direction. While, Inter-rill erosion is occurred 

primarily from raindrop impact and uniformly along a 

slope length. Therefore, the L factor is greater for those 

conditions where rill erosion tends to be greater than 

inter-rill erosion. Erosion increases with slope steepness 

but, in contrast to the L factor representing the effects 

of slope length, the USLE makes no differentiation 

between rill and inter-rill erosion regarding the S factor 

that computes the effect of slope steepness on soil 

loss. These factors are typically calculated together for 

input into the equation (Equation 4). 
 

𝐿𝑆 =  (𝐹𝑙𝑜𝑤 𝐴𝑐𝑐𝑢𝑚𝑢𝑙𝑎𝑡𝑖𝑜𝑛 × 
𝐶𝑒𝑙𝑙 𝑆𝑖𝑧𝑒

22.13
)

0.4

× sin (
𝑆𝑙𝑜𝑝𝑒

0.896
)

1.3

       (4) 

 

2.7 Land Cover Management and Conservation 

Factors (C and P) 

 

The C-factor represents the combined effect of cover 

and management variables and all other interrelated 

materials covering soil surface that prevent direct 

contact of raindrop [12]. It is basically derived from a 

land use/cover classification from the satellite data. A 
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land use/cover map was normally prepared using 

satellite images (usually10 m spatial resolution). Then a 

supervised classification method is applied to the 

image followed by field survey in order to extract 

ground truth data for verification [18]. This method 

utilizes geospatial tools to estimate the amount of soil 

loss for a certain study area. This study uses C and P 

datasets already prepared and documented in 

erosion control guideline by [20]. Table 3 presents land 

cover management and conservation factors in 

Cameron Highlands in accordance with the erosion 

control guidelines. 
 

Table 3 Cover Management Factor (C) and Conservation 

Practice (P) 

 

Erosion 

Control  

C Factor Erosion 

Control  

P Factor 

Mining Areas 1.00 Bare soil  1.00 

Agricultural 

Areas 

 Disked bare 

soil  

0.90 

Agricultural 

Crops 

0.38 Sand bag 

barriers  

0.85 

Horticulture 0.25 Check Dam 0.80 

Cocoa 0.20 Grass buffer 

strips  

 

Coconut 0.20 Basin slope 

(%) 

 

Oil Palm 0.20 0 to 10 0.60 

Rubber 0.20 11 to 24 0.80 

 

 

2.8  Landslides Susceptibility and Zoning 

 

The main factors of consideration for landslide 

modelling were geology, slope and average annual 

rainfall [21]. These three factors play significant role for 

in determining the extent of landslides occurrences 

[18]. In order to determine the areas most threatened 

by landslides, two approaches have been used so far: 

field surveys based on observations and bibliography 

[22]. Through appropriate statistical analysis and 

geospatial weighting, the landslide susceptibility maps 

were developed. Also, in order to validate the model 

perimeters, appropriate feedback is required (Figure 

2). Bivariate Statistical Analysis in ArcGIS was used to 

come up with statistics about area under risks of 

erosion and landslides. All the data were prepared in 

form of maps using GIS software for modelling. Each 

factor was assigned a weight through reclassification 

depending on the impact on landslide occurrences. 

The weighting was made according to landslide 

susceptibility Map by USGS, California Geological 

Survey (2011). Multiple field campaigns were 

conducted using precise GNSS device that receives 

real-time corrections from Malaysian Survey 

Department. In field survey, the location of fresh 

landslide scars was identified and mapped. This is how 

we gather the total number of 625 samples with their 

associated attributes and prepared it for geospatial 

analysis. Finally, the landslides susceptibility zoning was 

developed. 
 

 
 

Figure 2 Landslide Susceptibility Flow chart 

 

 

2.8  Erosion-Induced Landslides 

 

Soil erosion was computed using RULSE model and all 

the parameters were obtained as indicated by the 

flow chart in Figure 3. The Erosion Induced Landslide 

Risk Modelling was developed to produce the Erosion 

Induced Landslide in order to visualize the extent of risk 

associated with faming activities in the study area. The 

modelling was done by taking into consideration of 

both landslide susceptibility and soil erosion 

information for the project, which involves combining 

output from Figure 2 and 3 together. In the effort to 

produce erosion Induced Landslide Risk map, the 

potential landslide event and its probability of 

occurrence were combined using bivariate statistical 

analysis in ArcGIS. Firstly, the landslide susceptibility 

map was produced based on the historical records in 

the project area for 20 years and frequency ratio 

model using map overlaying techniques. Then the 

landslide susceptibility map was overlaid on the soil 

erosion map of the project area that was developed 

based on the USLE to produce the Erosion-Induced 

Landslide Risk Map. This process has been used by 

some already published researches, e.g. [23-26].  
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Figure 3 Flow chart for soil erosion map 

 

 

3.0  RESULTS AND DISCUSSION 
 

3.1  Erosion and Landslides Inventory 

 

The landslide inventory was prepared from historical 

records, remote sensing and field measurements [27-

29]. The study separates the landslides in to three parts 

depending on the farming area occurred. Soil erosion 

information about the rate each area was quantified 

in order to make comparison with the inventory data. 

The results reveal that, there is a good relationship 

between frequency of landslides and soil erosion rate 

in the agricultural practicing area. 

In other hand, Agricultural practices in Cameron 

Highland is basically divided into three types; 

terracing, contouring and sheltered farming [30]. 

Figure 4 shows that, about 58% of farming practices in 

Cameron Highland are performed under sheltered 

farming, followed by contouring (27%) and terracing 

(15%) [5]. The tea cultivation is now on the decline due 

to labor shortages, and in some areas, it is being 

replaced by vegetables. Three popular vegetable 

types in Cameron Highlands are cabbage, Chinese 

cabbage and tomato. Flower cultivation has 

increased recently, sometimes the flower is grown at 

the expense of vegetables, and three major flower 

species grown in Cameron Highland were 

chrysanthemum (52%), carnation (20%) and rose 

(18%).  

 

 
 

Figure 4 Agricultural practices in Cameron Highlands 

 

 

The annual crops are planted on both terraces 

and platforms built on steep slopes or hilltops. Figure 5 

shows that, only about 17% of the total study area is 

below 15˚ while 23% of the area is between 15° to 20°. 

Furthermore. The highest percentage of the terrain 

(32%) area is within the slopes of 20° to 25° and the 

steepest slope found in this area is as large as 80.2 

degree. As mentioned earlier, almost 59.7% of the 

hillsides happened in Cameron Highland were found 

to be at a slope gradient greater than 20˚. This signifies 

that surrounding areas of the landslide are hilly to very 

steep [4]. 

 

 
Figure 5 Terrain classes at Cameron Highlands 

 

 

Further, Figure 6 presents the rates of landslide 

occurrence at both agricultural and non-agricultural 

areas based on the data provided by the Department 

of Mineral & Geoscience. From the total of 625 

landslides incident recorded in Cameron Highlands, 

48.16% occurred in agricultural farming areas, while 

52% occurred in agricultural related zones. Moreover, 

it is estimated that out of the landslide incidents in 

agricultural areas, 75.42% happened in areas with 

sheltered farm and 17.94% occurred in terracing farms 

[18]. Figure 7 shows a typical landslide, inventory data 

and agricultural practices under which the landslides 

occurred. This analysis is based on data provided by 

the Department of Mineral & Geoscience, Malaysia 

and the site inspections conducted at the Cameron 

Highland areas. 
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Figure 6 Inventory data on landslide incidents at Cameron 

Highlands 

 

 
 

Figure 7 Landslides under different agricultural practices 

 

 

The implications of soil erosion by water in 

Cameron highlands extend beyond the removal of 

valuable topsoil [21]. Crop emergence, growth and 

yield are also directly affected by the loss of natural 

nutrients and applied fertilizers. Seeds and plants can 

be disturbed or completely removed by the erosion. 

Organic matter from the soil, residues and any applied 

manure are relatively lightweight and can be readily 

transported off the field, particularly during high 

rainfall intensity conditions. Pesticides may also be 

carried off the site with the eroded soil. Soil quality, 

structure, stability and texture can be affected by the 

loss of soil. The breakdown of aggregates and the 

removal of smaller particles or entire layers of soil or 

organic matter can weaken the structure and even 

change the texture. Textural changes can in turn 

affect the water-holding capacity of the soil, making 

it more susceptible to extreme conditions such as 

drought. 

 

 

 

3.2  Soil Loss due to Erosion 
 

Computation of the factors contributing to soil loss 

which comprised of main input to the RUSLE model for 

erosion assessment were achieved using the normal 

procedures as discussed above, as well as in many 

literatures. The soil erosion map (Figure 8) of the study 

area was generated by cell to cell multiplication 

overlay of the raster maps of the six RUSLE input 

parameters (rainfall erosivity, soil erodibility, 

conservation practice, slope gradient, slope length 

and cropping and management factors). From the 

soil erosion assessments, the two catchments studied 

were Telom and Bertam. From the analysis, the soil loss 

by erosion from these catchments were 38.0 t ha-1 

year-1 and 73.9 t ha-1 year-1 respectively. Comparing 

with erosion classification [8] and many existing studies 

(e.g. [6, 28, 29], the soil erosion in Cameron highlands 

is at high side and attention is needed [15]. It is clearly 

observed that all the cases of erosion were occurred 

in western part of the study area, this is due to the fact 

that most of the developed lands are located in the 

west and the agricultural activities are carried out 

there too. Kea farm and surrounding areas are 

affected with high erosion events, though are located 

at the border of the two catchments. Other places fall 

under high erosion incidents are Habu, Tena Rata and 

Ringel which all are within Telon catchment. Majority 

of agricultural activities in Cameron Highlands are 

conducted within the above-mentioned places [15], 

which are affected by high rate of soil erosion. 

However, the regions under low and moderate 

erosion rates include Hulu Telom, Kangin Rata, Kangi 

Baru and Taman Desa. Generally, it appears that all 

the high erosion affected areas are found under 

agricultural practicing area due to excessive soil 

disturbance, exposure of soil surface to splash erosion 

coupled with high slopes, which exacerbate the 

erosion processes. In contrast, the study shows that low 

soil erosion emerges from non-agricultural lands, 

undisturbed soil, and forest. 
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Figure 8 Soil erosion in the study area 

 

 

3.3  Landslide Susceptibility 

 

Land Susceptibility Index was developed based on 

the slope, average annual rainfall, geology and 

landslide Inventory data by assigning weighted for the 

individual factors. Zones are then assigned to 

individual factors and normalized using overlay 

function in GIS [6, 31]. At the end of the analysis, 

landslide susceptibility map was developed as 

presented in Figure 9. The results reveal that most of 

the landslide events happened in geology type 

Silurian Ordovician. Further, landslide incidents 

occurred in the areas where the slopes are in the 

range of 8 to 19 degree coupled with average annual 

rainfall of higher than 2,500 mm. Unlike soil erosion, 

there is large area falls under high landslide 

susceptible zones in both Telom and Bertam 

catchments. This could be attributed to both high 

slopes and annual rainfall amount in the region. The 

Ringel, Kingim Raja and Taman Desa are among the 

areas experiencing high susceptibility of landslides. 

In order to ease identification of areas with specific 

problem, the susceptibility map was made in form of 

zones to easy decision while taking appropriate 

action. For instance, farming activities and/or any 

other soil disturbance operations at area under J24 

grid (zone), appropriate conservation measures 

should be taken because is under high landslide 

susceptible. However, farming operations in K20 grid is 

relatively safe as it falls within low susceptible region to 

landslides. Furthermore, proximity to river appears to 

be an influencing factor to both erosion risk and 

landslide incidences from the inventory survey 

conducted. The same was observed here, where most 

of areas fall under high erosion and landslides region 

are situated close to the river. Field survey reveals that, 

farmers are conveying irrigation water from rivers to 

their farms using underground closed piping systems. 

Continues leakages due to broken pipes or improper 

coupling system result into surface and subsurface soil 

erosion and eventually lead to landslides. It was also 

noted that most of these activities are illegally 

conducted and therefore, management should take 

appropriate measure to conserve the soil and 

environment as a whole.  

The susceptibility map indicates landslide-prone 

landforms within a large region with sufficient 

accuracy to permit recognition of general areas in 

which landslides occurrence may be expected. The 

map is not intended to replace site-specific 

engineering geologic and geotechnical 

investigations. As a regional-scale tool, the 

susceptibility map offers substantial benefits over 

previous susceptibility maps and zoning of landslide-

susceptible terrain at Cameron Highlands. 

 

 
Figure 9 Land susceptibility map 

 

 

3.4  Erosion-Induced Landslide 

 

The result reveals that, the areas fall under high 

erosion-induced landslides include Kea Farm, Ringlet, 

Habu among others. Most of the farming activities are 
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being conducted in those areas even though, there is 

high undulating lands. This indicates that, there is 

many cases of landslide as a result of excessive soil 

erosion in Cameron Highlands. Similar to landslide 

susceptibility situation, field observations on the 

erosion-induced landslide map shows that most 

erosion Induced landslides are happening near the 

river. For instance, farms located in Ringlet and its 

surroundings recorded high cases of erosion related 

landslides close to the river Bertem. The major issues 

compounding this problem includes improper 

conveyance of irrigation water as earlier discussed. 

Visual observation discloses that, many farmers are 

syphoning irrigation water to their various farms 

through surface and sub surface tubes. Close 

inspection shows that, some tubes were continuously 

leaking for long time. This weaken the subsurface 

slopes and led to eventual failure and landslides. 

Moreover, there were evidently incomplete drainage 

systems in some sheltered farms. The huge runoff 

collected from roofing tends to erode soil at 

downstream. Eventually, results into many cases of 

erosion and slope failures. Erosion-induced landslides 

map was prepared in form of zoning system in order to 

help for ease identification of farms with various 

sovereignty levels of erosion-induced landslide (Figure 

10). 

 

 
 

Figure 10 Erosion-induced landslide map 

 

 
In the process to develop Erosion Induced 

Landslide Risk map, we combined the potential 

landslide event and its probability of occurrence using 

bivariate statistical analysis. The hazard risk categories 

are expressed as probability in qualitative forms (very 

low, low, moderate, and high). These qualitative 

categories are based on the soil erosion and 

susceptibility matrix scale as shown in Figure 11. 

 

 
 

Figure 11 Probability of erosion-induced landslide 

occurrence 

 

 

4.0  CONCLUSION 
 

This study investigated the risk of erosion-induced 

landslides which is associated with agricultural 

activities on sheltered and open farmlands. Inventory 

records and field assessments are employed to come 

up statistics on landslides incidences at various 

locations within the study area. The study established 

that, more landslides cases occurred in areas under 

sheltered farming than in open farms. Moreover, soil 

erosion was found to play a significant role which 

triggers landslides occurrence. It is also, indicated that 

closeness to river or water body serves as an influential 

factor to emerging of landslides. This information could 

help to make holistic studies on erosion and landslides 

which might include both technical and social 

engagements.  
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