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ABSTRACT 

 

 
This study focused on the Landslide Susceptibility Analysis (LSA) of the Karak highway, which link the Genting 
Sempah to Bentong area, Pahang. The physical relief of the study area is largely flat to undulating and moderately 
rough to steep mostly. The aims of this study are to identify the landslide prone area and to produce the Landslide 
Susceptibility Level (LSL) map using Weighted Overlay Method (WOM) integrated with Geographic Information 
System (GIS) and remote sensing techniques. Landslide locations were identified in the study area from imagery 
and aerial photograph interpretations followed by field work observation. The topographic, geologic data and 
satellite images were collected, processed and constructed into a spatial database using image processing. The 
factors that influence landslide occurrences such as slope gradient, slope aspect, topographic curvature and 
distance from drainage were retrieved from the topographic database. Geomorphology, lithology and geological 
structure were generated from the geologic database; whereas land use and soil types from SPOT satellite data 
image. Several areas are considered as susceptible, such as areas of Ladang Fook Who, Kg. Temiang, Ladang Ng 
Chin Siu, Kemajuan Tanah Genting Pandak, Kg. Lentang, Kg. Baharu Bt. Tinggi and Ladang Pandak. To avoid or 
minimize the landslide occurrences, development planning has to consider the hazard and environmental 
management program. This engineering geological study may play a vital role in Landslide Risk Management 
(LRM) to ensure the public safety.

 

 
 

 

1. INTRODUCTION 

 
Flooding Landslide is among the major geohazards in Malaysia. As with 
flooding, tsunami, siltation and coastal erosion, these have repeatedly 
occurred in the region with disastrous effect. Landslide is a general term 
for a variety of earth processes by which large masses of rock and earth 
material spontaneously move downward, either slowly or quickly by 
gravitation [1]. Such earth processes become geologic hazards when 
their direct interaction with the material environment is capable of 
causing significant negative impact on a human’s wellbeing.  

 
Landslide processes take place when the slope materials are no longer 
able to resist the force of gravity. This decrease in shear resistance 
resulting in landslide is due to either to internal or external causes. 
Internal causes involve some change in either the physical or the 
chemical properties of the rock or soil or its water content. External 
causes, which lead to an increase in shear stress on the slope usually, 
involve a form of disturbance that may be either natural or induced by 
man. With the growth of human population and the expansion of the 
scope of human’s activities in Malaysia, we find ourselves increasingly in 
conflict along steeply area [2]. A landslide zoning provides information 
on the susceptibility of the terrain to slope failures and can be used for 
the estimation of the loss of fertile soil due to slope failures (in agriculture 
areas), the selection of new construction sites and road alignments (in 
urban or rural areas) and the preparation of landslide prevention, 
evacuation and mitigation plans. Natural hazard mapping concerns not 
only delineation of pas occurrences of natural hazards such as landslide, 
but it also includes predicting such occurrences [3]. 
 
In the literature, there are four different approaches to the analysis of 
LSL: landslide inventory-based probabilistic, heuristic (which can be 
direct geomorphological mapping, or indirect qualitative map 
combination), statistical (bivariate or multivariate statistics) and 
geotechnical approach [4-6]. LSL analysis using probabilistic models  

 
 
 
 
 
were published by some researcher [7,8]. Most of the above studies have 
been conducted using the regional landslide inventories derived from 
aerial photographs and remotely sensed images.  

 
The heuristic approach is considered to be useful for obtaining 
qualitative LSL maps for large areas in a relatively short time. It does not 
require the collection of geotechnical data, although detailed 
geomorphological mapping is essential. The qualitative approach is 
based on expert opinion and the susceptible areas are categorized by 
such terms as “very high”, “high”, “moderate”, “low” and “very low”. The 
increasing popularity of Geographic Information Systems (GIS) has led 
to many studies, mainly using indirect susceptibility-mapping 
approaches [9]. As a consequence, fewer investigations use GIS in 
combination with a heuristic approach, either geomorphological 
mapping, or index overlay mapping and analytical hierarchy process 
[10-20].  
 
Statistical analyses are popular because they provide a more 
quantitative analysis and can examine the various effects of each factor 
on an individual basis. Statistical analyses of LSL can include bivariate 
and multivariate methods. The bivariate methods, are a modified form of 
the qualitative map combination with the exception that weights are 
assigned based upon statistical relationships between past landslides 
and various factor maps; alternatively, these statistics can be used to 
develop decision rules [21]. The main difference among the specific 
bivariate methods is the manner in which the weights are produced. 
Different methods have been proposed, including: general instability 
index, frequency index, surface percentage index, statistical index 
method, weighting factor, certainty factor, conditional analysis, weights 
of evidence, landslide susceptibility analysis, and information value 
method [22-72]. These indices measure, directly or in a weighted form, 
the relative or absolute abundance of landslide area or number in 
different terrain categories. This information is then used by the 
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investigator to establish susceptibility levels. Meanwhile, multivariate 
methods have been used for LSL. The prominent techniques used in 
multivariate methods are: multiple linear regression analysis, 
discriminant analysis, and logistic regression analysis [73-104]. When 
many factors are available, to reduce the number of variables and to limit 
their interdependence, principal component analysis (PCA) is an option 
[105,106]. More advanced methods employ a variety of classifications 
techniques such as fuzzy systems, artificial neural networks (ANN), 
expert systems and Factor Analysis Model [107-109].  
 
Various approaches to geotechnical analysis for LSL have been 
developed. Some of the earliest studies in a GIS environment were 
carried out [110-115]. Their use of a GIS environment made it possible 
to extend the conventional, site specific deterministic model into larger 
areas, where the spatial distribution of input parameters is taken into 
account. However, a study observed that geotechnical approaches for 
LSA in a GIS environment have not been checked with traditional 
methods of analysis, neither have they been validated with results of 
landslide monitoring [116,117]. Comprehensive studies concerning 
regional slope stability assessment supported by deterministic 
approaches in a GIS environment have also been carried out. Some 
researcher combines a slope stability model (Stability INdex MAPping, 
SINMAP) with a steady-state hydrology model in selected watersheds of 
northern Vancouver Island, British Columbia and in the central 
highlands of Honduras, respectively [118]. High attention should be paid 
to the accuracy and variability associated with the input parameters. 
Similar examples of regional modeling and prediction of shallow 
landslides using a transient rainfall infiltration model in combination 
with slope stability calculation (Transient Rainfall Infiltration and Grid-
based Regional Slope-stability analysis; TRIGRS) were applied for the 
Seattle area, Washington State, USA and the Umbria Region, central Italy 
[119]. The TRIGRS model predicts a larger area of instability than the 
area that actually failed, mainly due to uncertainty in soil thickness, local 
variation in soil properties, and Digital Elevation Model (DEM) errors. 
 
2. STUDY AREA 

 

The study area, located along the Karak highway, which link the 
Genting Sempah to the Bentong, Pahang. It is bounded by longitude line 
E 101o 45’ to E 101o 55’ and latitude line N 03o 20’ to N 03o 25’ (Figure 
1 & 2). The physical relief of this study area is largely flat to undulating 
and moderately rough to steep mostly and has altitude ranging from 
mean sea level to 1317m. Mt Kolam Berengga is the highest peak. 

 

 

 

 

 

 

 

 

 

 

 

 

 

           Figure 1: Location of study area in Pahang State 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2: Landslide locations area 

 

3. MATERIALS AND METHODOLOGY 
 
In LSA, data were provided and stored into a spatial database. The 

analysis was carried out based on eight attributes: slope gradient, slope 
aspect, lithological, soil types, geologic structural, geomorphology 
setting, drainage and land use. All of these factor attributes was 
extracted and analysis based on the knowledge of weightage overlay. 
Each given weightage on the attributes was summed altogether and 
reclassified to generate a landslide susceptibility map. Lastly this LSL 
map needed to be verified. In this study, all attributes factor are 
consider equal important.  

 

A key assumption using probabilistic model, weightage overlay 
approach, is that the potential of landslides will be comparable to the 
actual frequency of landslides based on the attributes factor. These 
weightage on the attributes are subject to the combination degree of 
landslide occurrences. Landslide susceptible areas are observed and 
detected by the imagery and aerial photograph interpretations followed 
by fieldwork verification. For this study, detail landslide history areas 
were reviewed and acting as a control factor. By given topographic 
database, the digital elevation model (DEM) with 20 m resolutions, 
slope gradient and slope aspect maps were produced. Using the 
topographic database also, the distance from drainage and lineament 
(geologic structural) were calculated. The buffer interval used for 
distance calculation was in 50 m range and presented to a raster map. 
All the attribute factors were given as weightage accordingly to their 
criteria and priority (Table 1). All the calculated and extracted 
weightage were converted to raster map for analysis. Using the 
weightage overlay approach, the spatial relationships between each 
landslide-factor were analysed. The entire factor’s rating (weightage) 
was summed to produce LSL map. Finally, a ground checking was 
conducted on field to verify the LSL map (Figure 3).  

 

Table 1: Attribute weightage 

 

Geomorphology (GGM_DESC) 

Wt Description 

4 

10 

Denudational hill 

Structure denudational hill 

Soil (AST_SERIES) 

Wt Description 

4 

10 

6 

Renggam 

Steepland 

Telemong 

River (DISTANCE) 

Wt Meters 

10 

8 

6 

4 

2 

1 

50 

100 

150 

200 

250 

1000 

 

 

Structure/ Lineament (Distance) 

Wt Meters 

10 

8 

6 

4 

2 

1 

50 

100 

150 

200 

250 

10000 

Land use (ALU_DESC) 

Wt Description 

8 

4 

3 

1 

5 

2 

6 

7 

Urban & associated areas 

Rubber 

Orchard 

Natural forest 

Scrub 

Bush 

Mixed horticulture 

Recreational areas 

Litology (LITO_TYPE) 

Wt Description 

10 

4 

Schist 

Acid intrusive (undifferentiated) 
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Figure 3: Flowchart of methodology 

 

4. GEOLOGICAL BACKGROUND 

 

The study area is essentially made up of granitic rocks as the main 
underlying geology (Figure 4). The granite body is postulated to be 
Triassic in age which is part of the Main Range Granite [28]. Ong 
described termed it as the Gombak Granite which consist mainly of 
coarse to medium grained biotite muscovite granite, fine to medium 
grained tourmaline granite, pegmatite and greisen [89]. Beside the 
granite body, older rock formations are the Hawthornden Formation of 
Middle-Upper Silurian in age and co-exist with the Kuala Lumpur 
Limestone Formation, although the latter is postulated to be younger 
and lies unconformably above the former. The Hawthornden Formation 
comprises mainly of phyllite, slate and schist, whereas the Kuala 
Lumpur Limestone has been metamorposed and recrystalised to form 
coarse grained white to pale coloured marble.  

The alteration process of the granite country rock and the formation 
of the quartz dyke were believed to take place during the Post-Triassic 
era. There is no certain age given to the Quartz Reef except that it is 
younger than the surrounding Triassic granite (Figure 5). However, 
from radioactive dating of K?Ar of two generations of muscovite in 
quartz reef sample from the Seri Gombak area it is believed to be as old 
as Mid-Cretaceous to Jurassic. More than half geomorphological 
landforms of the state comprises of alluvial plain and fluvial landforms 
whereas the others were occupied by denudational landforms namely 
residual hill, structural hill denudational hill etc. Landslide features 
were found and recorded at several localities especially at the newly 
developed hilly area. There have been several landslides occurrences in 
this surrounding area recently (Figure 2). 

 

 
Figure 4: Granitic rocks in the                  Figure 5: Quartz reef at Taman  

                  study area                                                   Melawati Area 

 

5. RESULTS AND DISSCUSSION 

 

5.1 Causes of landslide in the study area 
 

 
The main factors causing of landslide in the study area include 
preparatory mechanism and triggering factors: 

 

5.1.1 Preparatory mechanisms 

 

Preparatory mechanisms are cumulative events, which prepare the 
slope for failure but do not necessarily produce movement. These 
includes the geology, slope gradient, elevation, soil geotechnical 
properties, vegetation cover, long – term drainage system / pattern and 
weathering. The study of the preparatory or conditioning factors should 
be based on a systematic inventory conducive to the creation of a 
database, which will allow the quantification of the relationship 
between slope failure and the geological and geomorphological 
characteristics of the terrain.  

 

5.1.2 Triggering factors 

 

Triggering factors or variables are which shift the slope from a 
marginally stable to an unstable state and thereby initiating failure in 
an area of given susceptibilities such as heavy rainfall and tremors. 
These variables can change over a short time span and are thus very 
difficult to estimate. If triggering variables are not taken into account 
the term susceptibility may be employed to define the likelihood of the 
landslide event occurrence. Susceptibility to failure is determined by 
the geological structure and lithology of the slope, hydrogeological 
conditions and the stage of morphological of the study area. 

 

5.2 Application of Weightage Overlay Method (WOM) and 
Landslide Susceptibility Level (LSL) map  

 

Landslide occurrence is determined from landslide related factor and 
the future landslide can occur in the same condition with past landslide. 
Based on the assumption using probability method, the relationship 
between areas with landslide occurrences and landslide related factors 
could be distinguished from the relationship between area without 
occurrences of landslide and landslide related factors. To present the 
distinction quantitatively, the weightage overlay method was used for 
this study. 

The analysis and calculation processes in the analysis and modelling 
part were similar for all the parameter maps. To avoid longer time for 
doing the calculation and redundant task, the scripts or batch files as 
shown in Tab. 1 were used in the analysis. The weightage value shows 
that the most causative factor that influenced landslide occurrences is 
slope gradient. Figs. 6 to 9 show the weightage value polygon to land 
use, distance from drainage, distance from lineament, soil lithology and 
geomorphology.  

Five classes of LSL were adopted: very low (10 %), low (50 %), 
medium (15 %), high (15 %) and very high (10 %) (Figs. 6 to 9). The 
very low to low LSL reflects the probability of occurrence of landslides 
are very limited even with existence strong triggering factors, such as 
heavy rainfall and tremendous land use changes. On the other hand, 
moderate LSL means that, some landslide will be generated under the 
influence of intense triggering factors whereas the high to very high 
hazard means a considerable number of landslides will occur even with 
the presence of weak triggering factor. In the study area, most of the 
high to very high LSL area are elongated along the hilly terrain area in 
the eastern part of the state. 

 

 
 

Figure 6: Landslide hazard zoning map of the study area 
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Figure 7: Landslide hazard zoning map at Ladang Perting Pandak Baharu 
area. 

 

 
 

 

Figure 8: Landslide hazard zoning map at Kemajuan Tanah Genting 
Pandak area 

 

 
 
 

Figure 9: Landslide hazard zoning map at Ladang Pandak 

 

6. CONCLUSION 

 

In light of available information, the following conclusions may be 
drawn from the present study: 

a. Engineering geologic evaluation of the study area indicates that 
the landslide took place when slope materials are no longer able 
to resist the attraction of gravity due to a decrease in shear 
strength and increase the shear stresses resulting landslide, which 
is due to preparatory mechanism and triggering factors. 
Preparatory mechanisms are cumulative events, which prepare 
the slope for failure but do not necessarily produce movement. 
These include the geology, slope gradient, elevation, soil 
geotechnical properties, vegetation cover, long – term drainage 
system / pattern and weathering. Triggering factors or variables 
are which shift the slope from a marginally stable to an unstable 
state and thereby initiating failure in an area of given 
susceptibilities such as heavy rainfall and tremors.  

 

b. High (15 %) to very high (10 %) LSL means a considerable number 
of landslides will occur even with the presence of weak triggering 
factor. Mostly these areas have been totally or partially cleared for 
utilized for other associated infrastructure developments. High to 
very high LSL is not so suitable for development and would 
encounter high geotechnical constraints, requires intensive site 
investigations and thus would incur high development costs.  

 
 

c. LSL maps are useful to planners and engineers for choosing 
suitable locations to implement developments. Although the 
results can be used as a basic data to assist slope management and 
land use planning, the methods used in the study area only valid 

for generalized planning and assessment purposes, and may be 
less useful at the site-specific scale where local geological and 
geographic heterogeneities prevail. 

 

 

7. RECOMMENDATION 

 

Landslide occurrences have been the most critical issues in Malaysia. 
Frequency, size and impact the community kept on increasing. 
Landslide incidents mostly are due to human activities. Therefore by 
planning, management and proper construction, this landslide problem 
can be avoided. Settlement of the landslide issues required multi-
purpose approach and long term planning. Cooperation among 
government agencies such as local universities, Department of Public of 
Work (DPW), Department of Irrigation and Drainage (DID), Department 
of Natural Environmental (DNE), Department of Mineral and 
Geosciences (DMG), Department of Meteorological (DM) and local 
authorities are needed at all levels and should be continuously. 
Research therefore needs to have integration approach and need to be 
performed systemically. In spite of that geology discipline can 
contribute at all levels of avoidance and control of this geohazards 
occurrences. 

 

8. REFERENCES 
 
 

[1] Akgün, A., and Bulut, F. 2008. GIS-based landslide susceptibility 
for Arsin-Yomra (Trabzon, North Turkey) region. Environmental 
Geology, 51,1377–1387. 
[2] Aleotti, P. and Chowdhury, R. 1999. Landslide hazard assessment: 
summary review and new perspectives. Bulletin of Engineering 
Geology and the Environment, 58 (1), 21-44. 

 

[3] Arora, M.K., Das Gupta, A.S., and Gupta, R.P. 2004. An artificial 
neural network approach for landslide hazard zonation in the 
Bhagirathi (Ganga) valley, Himalayas. International Journal of 
Remote Sensing, 25 (3), 559–572. 
[4] Atkinson, P., and Massari, R. 1998. Generalised linear modelling 
of susceptibility for landsliding in the Central Apennines, Italy. 
Computers and Geosciences, 24 (4), 373-385. 

 

[5] Ayalew, L., Yamagishi, H., and Ugawa, N. 2005. Landslide 
susceptibility mapping using GIS-based weighted linear combination, 
the case in Tsugawa area of Agano River, Niigata prefecture, Japan. 
Landslides, 1 (1), 73-81. 
[6] Baeza, C., and Corominas, J. 2001. Assessment of shallow 
landslide susceptibility by means of multivariate statistical 
techniques. Earth Surface Processes and Landforms, 26 (12), 1251-
1263. 
[7] Barredo, J.I., Benavides, A., Hervas, J. and Van Westen, C.J. 2000. 
Comparing heuristic landslide hazard assessment techniques using 
GIS in the Tirajana basin, Gran Canaria Island, Spain. International 
Journal of Applied Earth Observation and Geoinformation, 2 (1), 9-23. 
[8] Bernknopf, R.L., Campbell, R.H., Brookshire, D.S. and Shapiro, C.D. 
1988. A probabilistic approach to landslide hazard mapping in 
Cincinnati, Ohio, with application for economical evaluation. Bulletin 
of Engineering Geology and the Environment, 25, 39–56. 
[9] Bignell, D.J., and Snelling, N.J. 1977. Geochronology of the 
Malaysian Granites. Overseas, Geology and Mineral Resources, Vol. 
47, 72p 
[10] Binaghi, E., Luzi, L., Madella, P., and Rampini, A. 1998. Slope 
instability zonation: a comparison between certainty factor and fuzzy 
Dempster-Shafer approaches. Natural hazards, 17, 77-97. 
[11] Bonham-Carter, G.F. 1996. Geographic Information Systems for 
geoscientists, modelling with GIS. Oxford: Pergamon Press. 
[12] Brabb, E.E. 1984. Innovative approaches to landslide hazard 
and risk mapping. In: Proc 4th Int Symp on Landslides. Canadian 
Geotechnical Society, Toronto, vol 1, pp 307–324. 
[13] Cardinali, M., Carrara, A., Guzzetti, F. and Reichenbach, P. 2002. 
Landslide hazard map for the upper Tiber river basin. CNR Gruppo 
Nazionale per la Difesa dalle Catastrofi Idrogeologiche Publication n. 
2116, scale 1:100,000 
[14] Carrara, A. 1978. Considerazioni sulla cartografia applicata alla 
stabilità dei versanti. Seminario Sottoprogetto Fenomeni Franosi, 
March 1978, Bari. 11 hlm. 
[15] Carrara, A. 1982. Cartografia tematica, stoccaggio ed 
elaborazione dati. Convegno Conclusivo Progetto Finalizzato 



Malaysian Journal Geosciences (MJG) 1(2) (2017) 16-22 
    

  

  

Cite the article: Rodeano Roslee, Alvyn Clancey Mickey, Norbert Simon, Mohd. Norazman Norhisham (2017). Landslide Susceptibil ity Analysis (Lsa) Using Weighted Overlay 
Method (Wom) Along The Genting Sempah To Bentong Highway, Pahang . Malaysian Journal Geosciences (MJG) 1(2) (2017) 16-22 

 

20 

Conservazione del Suolo, Relazione Generale, Sottoprogetto 
Fenomeni Franosi, 9-10 June 1982, Rome. hlm. 265-281. 
[16] Carrara, A. 1983. Multivariate models for landslide hazard 
evaluation. Mathematical Geology, 15 (3), 403-426. 
[17] Carrara, A., Cardinali, M. and Guzzetti, F. 1992. Uncertainty in 
assessing landslide hazard and risk. ITC Journal, 2, 172-183. 
[18] Carrara, A., Cardinali, M., Detti, R., Guzzetti, F., Pasqui, V. and 
Reichenbach, P. 1991. GIS techniques and statistical models in 
evaluating landslide hazard. Earth Surface Processes and Landforms, 
16 (5), 427-445. 
[19] Carrara, A., Cardinali, M., Guzzetti, F. and Reichenbach, P. 1995. 
GIS technology in mapping landslide hazard. Geographical 
information systems in assessing natural hazards. Kluwer Academic 
Publishers, Dordrecht. The Netherlands, 135-175. 
[20] Carrara, A., Crosta, G. and Franttini, P. 2003. Geomorphological 
and historical data in assessing landslide hazard. Earth Surface 
Processes and Landforms 28, 1125–1142. 
[21] Cevik, E. And Topal, T. 2003. GIS-based landslide susceptibility 
mapping for a problematic segment of the natural gas pipeline, 
Hendek (Turkey). Environmental Geology, 44, 949–962. 
[22] Champatiray, P. K., Dimri, S., Lakhera, R. C. and Sati, S. 2007. 
Fuzzy-based method for landslide hazard assessment in active 
seismic zone of Himalaya. Landslides, 4, 101–111. 
[23] Champatiray, P.K. and Bhan, S.K. 1998. Remotely sensed and 
ancillary data integration techniques for landslide hazard zonation. 
In: Tripathy NK, Bajpai VN (eds) Remote sensing in geoscience. Anmol 
Publisher, New Delhi, pp 245–260. 
[24] Champatiray, P.K. 1996. Landslide hazard zonation using fuzzy 
logic and probability analysis in western Himalayas. Project report 
under IIRS-ITC programme, internal publication. ITC, Netherlands. 
[25] Champatiray, P.K. 2004. GIS based landslide modelling. In: 
Nagarajan R (ed) Landslide disaster: assessment and monitoring. 
Anmol Publications, New Delhi, pp 81–96. 
[26] Chi, K.H., Park, N.W. and Chung, C.J. 2002. Fuzzy logic 
integration for landslide hazard mapping using spatial data from 
Boeun, Korea. Symposium on Geospatial Theory, Processing and 
Applications. Ottawa 2002. 6 hlm. 
[27] Chung, C.F., and Fabbri, A.G. 1993. Representation of 
geoscience information for data integration. 29th International 
Geology Conferrence. Kyoto, Japan. 11 hlm. 
[28] Chung, C.F. and Fabbri, A.G. 2001. Prediction models for 
landslide hazard zonation using a fuzzy set approach. Dlm. Marchetti, 
M., Rivas, V. (pnyt.). Geomorphology & Environmental Impact 
Assessment. Balkema Publishers, 31-47. 
[29] Chung, C.F. and Fabbri, A.G. 1998. Three Bayesian prediction 
models for landslide hazard. In: Buccianti, R., Potenza, R., and Nardi, 
G. (eds). Proceedings of International Association for Mathematical 
Geology 1998 Annual Meeting (IAMG 98). Ischia, Italy. October 3-7, 
1998. hlm. 204-211. 
[30] Chung, C.F. and Leclerc, Y. 1994. A quanititative technique for 
zoning landslide hazard. International Association for Mathematical 
Geology Annual Conference, Mont Tremblant, Québec, 87-93. 
[31] Chung, C.F., Fabbri, A.G. and Van Westen, C.J. 1995. Multivariate 
regression analysis for landslide hazard zonation. Dlm. Carrera, A., 
and Guzzetti, F. (pnyt.). Geographical information systems in 
assessing natural hazards. Kluwer Academic Publishers, Dordrecht, 
The Netherlands, 107-133. 
[32] Clerici, A., Perego, S., Tellini, C. and Vescovi, P. 2002. A 
procedure for landslide susceptibility zonation by the conditional 
analysis method. Geomorphology, 48, 349-364. 
[33] Corominas, J. and Santacana, N. 2003. Stability analysis of the 
Vallcebre translational slide, Eastern Pyrenees (Spain) by means of a 
GIS. Nat Hazards (Dordr), 30 (3), 473–485. 
[34] Crosta, G.B. and Dal Negro, P. 2003. Observations and 
modelling of soil slip-debris flow initiation processes in pyroclastic 
deposits: the Sarno 1988 event. Natural Hazards and Earth System 
Sciences, 3 (1-2), 53-69. 
[35] Dai, F.C. and Lee C.F. 2002. Landslide characteristics and slope 
instability modeling using GIS, Lantau Island, Hong Kong. 
Geomorphology, 42, 213-228. 
[36] Dai, F.C. and Lee, C.F. 2003. A spatiotemporal probabilistic 
modelling of storm-induced shallow landsliding using aerial 
photographs and logistic regression. Earth Surface Processes and 
Landforms, 28 (5), 527-545. 
[37] Dai, F.C., Lee, C.F. and Xu, Z.W. 2001. Assessment of landslide 
susceptibility on the natural terrain of Lantau Island, Hong Kong. 
Environmental Geology, 40 (3), 381-391. 

[38] Davis, T.J. and Keller, C.P. 1997. Modelling uncertainty in 
natural resource analysis using fuzzy sets and Monte Carlo 
simulation: slope stability prediction. International Journal of 
Geographical Information Systems, 11 (5), 409-434. 
[39] Dietrich, W.E., Reiss, R., Hsu, M.L. and Montgomery, D.R. 1995. 
A process-based model for colluvial soil depth and shallow 
landsliding using digital elevation data. Hydrological Process, 9, 383-
400. 
[40] Duman, T., Çan, T., Emre, Ö., Keçer, M., Doğan, A., Ateş, Ş. and 
Durmaz, S. 2005. Landslide inventory of southwestern Anatolia, 
Turkey. Engineering Geology, 77, 99–114. 
[41] Dymond, J.R., Jessen, M.R. and Lovell, L.R. 1999. Computer 
simulation of shallow landsliding in New Zealand hill country. 
International Journal of Applied Earth Observation and 
Geoinformation, 1 (2), 122-131. 
[42] Ercanoglu, M. and Gokceoglu, C. 2002. Assessment of landslide 
susceptibility for a landslide-prone area (North of Yenice, NW 
Turkey) by fuzzy approach. Environmental Geology, 41, 720–730. 
[43] Ercanoglu, M., Gokceoglu, C. and Van Asch, T.H.W.J. 2004. 
Landslide susceptibility zoning north of Yenice (NW Turkey) by 
multivariate statistical techniques. Nat. Hazard, 32, 1–23. 
[44] Gokceoglu, C., Sonmez, H., and Ercanoglu, M. 2000. 
Discontinuity controlled probabilistic slope failure risk maps of the 
Altindag (settlement) region in Turkey. Engineering Geology, 55, 277-
296. 
[45] Gomez, H. and Kavzoglu, T. 2005. Assessment of shallow 
landslide susceptibility using artificial neural networks in Jabonosa 
River Basin, Venezuela. Engineering Geology, 78, 11 –27. 
[46] Grosevski, P.V., Gessler, P. and Foltz, R.B. 2000. Spatial 
prediction of landslide hazard using discriminant analysis and GIS. 
GIS in the Rockies 2000 Conference and Workshop, applications for 
the 21st Century. Denver, Colorado. 
[47] Guzzetti, F., Carrarra, A., Cardinali., M., and Reichenbach, P. 
1999. Landslide hazard evaluation: a review of current techniques 
and their application in a multi-scale study, Central Italy. 
Geomorphology, 31, 181-216. 
[48] Guzzetti, F., Reichenbach, P., Cardinali, M., Galli, M. and 
Ardizzone, F. 2005. Landslide hazard assessment in the Staffora basin, 
Northern Italian Apennines. Geomorphology, 72, 272-299. 
[49] He, Y.P., Xie, H., Cui, P., Wei, F.Q., Zhong, D.L. and Gardner, J.S. 
2003. GIS-based hazard mapping and zonation of debris flows in 
Xiaojiang Basin, southwestern China. Environmental Geology, 45, 
286-293. 
[50] Jade, S. and Sarkar, S. 1993. Statistical models for slope 
instability classification. Engineering Geology, 36, 91-98. 
[51] Jasmi, A.T. 2003. Probabilistic landslide susceptibility analysis 
and verification using GIS and remote sensing data at Penang, 
Malaysia. Bulletin of Geological Society of Malaysia, 46, 173-179. 
[52] Jasmi, A.T. 2004. Landslide hazard zoning mapping using 
remote sensing and GIS techniques. Proceeding of Malaysia-Japan 
Symposium on Geohazards and Geoenvironmental Engineering-
recent advances, 115-120. 
[53] Juang, C.H., Lee, D.H. and Sheu, C. 1992. Mapping slope failure 
potential using fuzzy sets. Journal of Geotechnical Engineering ASCE, 
118 (3), 475-493. 
[54] Kanungo, D.P. Arora, M.K., Gupta, R. P. and Sarkar, S. 2008. 
Landslide risk assessment using concepts of danger pixels and fuzzy 
set theory in Darjeeling Himalayas. Landslides, 5,407–416. 
[55] Kobashi. S. and Suzuki, M. 1988. Hazard index for the judgment 
of slope stability in the Rokko Mountain region. In: Proc. 
INTERPRAEVENT, 1988, Graz, Austria, 1, 223–23. 
[56] Lan, H.X., Zhou, C.H., Wang, L.J., Zhang, H.Y. and Li, R.H. 2004. 
Landslide hazard spatial analysis and prediction using GIS in the 
Xiaojiang watershed, Yunnan, China. Engineering geology, 76, 109–
128. 
[57] Lee, S, and Min, K. 2001. Statistical analysis of landslide 
susceptibility at Yongin, Korea. Environmental Geology, 40, 1095-
1113. 
[58] Lee, S., Choi, J,. and Min, K. 2002b. Landslide susceptibility 
analysis and verification using the Bayesian probability model. 
Environmental Geology, 46, 120-131. 
[59] Lee, S., Chwae, U., and Min, K. 2002a. Landslide susceptibility 
mapping by correlation between topography and geological 
structure: the Janghung area, Korea. Geomorphology, 46, 49-162. 
[60] Lee, S., and Choi, J. 2004. Landslide susceptibility mapping 
using GIS and the weight-of-evidence model. International Journal of 
Geographical Information Science, 18, 789–814. 



Malaysian Journal Geosciences (MJG) 1(2) (2017) 16-22 
    

  

  

Cite the article: Rodeano Roslee, Alvyn Clancey Mickey, Norbert Simon, Mohd. Norazman Norhisham (2017). Landslide Susceptibil ity Analysis (Lsa) Using Weighted Overlay 
Method (Wom) Along The Genting Sempah To Bentong Highway, Pahang . Malaysian Journal Geosciences (MJG) 1(2) (2017) 16-22 

 

21 

[61] Lee, S. and Pradhan, B. 2007. Landslide hazard mapping at 
Selangor, Malaysia using frequency ratio and logistic regression 
models. Landslides, 4, 33-41. 
[62] Lee, S., and Sambath, T. 2006. Landslide susceptibility mapping 
in the Damrei Romel area, Cambodia using frequency ratio and 
logistic regression models. Environmental Geology, 50, 847–855. 
[63] Lee, S. and Talib, J.A. 2005. Probabilistic landslide susceptibility 
and factor effect analysis. Environmental Geology, 47, 982–990. 
[64] Lee, S. 2005. Application and cross-validation of spatial logistic 
multiple regression for landslide susceptibility analysis. Geosciences, 
9 (1), 63-71. 
[65] Lee, S. 2004. Application of likelihood ratio and logistic 
regression models to landslide susceptibility mapping using GIS. 
Environmental Management, 34 (2), 223-232. 
[66] Lee, S., Ryu, J.H., Lee, M.J. and Won, J.S. 2003b. Landslide 
susceptibility analysis using artificial neural network at Boeun, Korea. 
Environmental Geology, 44, 820–833.  
[67] Lee, S., Ryu, J.H., Lee, M.J. and Won, J.S. 2006. The application of 
artificial neural networks landslide susceptibility mapping at 
Janghung, Korea. Mathematical Geology, 38, 199-220. 
[68] Lee, S., Ryu, J.H., Min, K. And Won J.N. 2004b. Landslide 
susceptibility analysis using GIS and artificial neural network. Earth 
Surface Processes and Landforms, 28 (12), 1361-1376. 
[69] Lee, S., Ryu, J.H., Min, K. and Won, J.S. 2003a. Landslide 
Susceptibility Analysis using GIS and Artificial neural network. Earth 
Surface Processes and Landforms, 27, 1361–1376.  
[70] Lee, S., Ryu, J.H., Won, J.S. and Park, H.J. 2004a. Determination 
and application of the weights for landslide susceptibility mapping 
using an artificial neural network. Engineering Geology, 71, 289–302,  
[71] Lohnes, R.A. and Handy, R.L. 1968. Slope angles in friable loess. 
Geology journal, 76 (3), 247-258. 
[72] Luzi, L. and Pergalani, F. 1999. Slope instability in static and 
dynamic conditions for urban planning: the "Oltre Po Pavese'case 
history (Regione Lombardia – Italy). Natural hazards, 20, 57-82. 
[73] McClelland, D.E., Foltz, R.B., Wilson, W.D., Cundy, T.W., 
Heinemann, R., Saurbier, J.A. and Schuster, R.L. 1997. Assessment of 
the 1995 & 1996 floods and landslides on the Clearwater National 
Forest, Part I: landslide assessment. A report to the Regional Forester, 
Northern Region, U.S. Forest Service. December 1997. 52 hlm. 
[74] Mehrotra, G.S., Sarkar, S. and Dhramaraju, R. 1991. Landslide 
hazard assessment in Rishikesh Tehri area, Garhwal Himalaya, India. 
In: Bell DH (ed) Landslides. Balkema, Rotterdam, pp 1001–1007. 
[75] Mezughi, T., Akhir, J,M., Rafek, A.G. and Abdullah, I. 2012a. 
Analytical hierarchy process method for mapping landslide 
susceptibility to an area along E-W Highway (Gerik-Jeli) Malaysia. 
Asian Journal of Earth Sciences, 5 (1), 13-24. 
[76] Montgomery, D.R. and Dietrich, W.E. 1994. A physically-based 
model for the topographic control on shallow landsliding. Water 
resources research, 30, 1153-1171. 
[77] Nagarajan, R., Roy, A., Kumar, R.V., Mukherjee, A., and Khire, 
M.V. 2000. Landslide hazard susceptibility mapping based on terrain 
and climatic factors for tropical monsoon regions. Bulletin of 
Engineering Geology and the Environment, 58, 275-287. 
[78] Naithani, A.K., Prasad, C., Bisht, M.P.S. and Kumari, G. 1997. 
Landslide zonation and geoenvironmental appraisal along main 
centre thrust zone in Mandakini Valley, Garhwal Himalaya, India. 
Himalayan Geology Journal, 18, 135–143. 
[79] Neuhäuser, B. and Terhorst, B. 2007. Landslide susceptibility 
assessment using “weights-of-evidence” applied to a study area at the 
Jurassic escarpment (SW-Germany). Geomorphology, 86, 12-24. 
[80] Neuland, H. 1976. A prediction model of landslips. Catena 3, 
215–230. 
[81] Ohlmacher, G. C. and Davis, J. C. 2003. Using multiple logistic 
regression and GIS technology to predict landslide hazard in 
northeast Kansa, USA; Engineering Geology, 69, 331–343. 
[82] Okimura, T. and Kawatani, T., 1986. Mapping of the potential 
surface-failure sites on granite mountain slopes. In: Gardiner V (ed.). 
Int Geomorp Part I. Wiley, New York, 121–138. 
[83] Oztekin, B. and Topal, T. 2005. GIS-based detachment 
susceptibility analyses of a cut slope in limestone, Ankara–Turkey. 
Environmental geology, 49, 124–132. 
[84] Pachauri, A.K. and Pant, M. 1992. Landslide hazard mapping 
based on geological attributes. Engineering Geology, 32, 81–100. 
[85] Pachauri, A.K., Gupta, P.V. and Chander, R. 1998. Landslide zoning 
in a part of the Garhwal Himalayas. Environmental Geology, 36 (3-4), 
325-334. 
[86] Pack, R.T., Tarboton, D.G. and Goodwin, C.N. 1998. The SINMAP 

approach to terrain stability mapping. In: Proceedings of 8th 
Congress of the International Association of Engineering Geology, 
Vancouver, British Columbia, Canada. hlm. 1157-1165. 
[87] Parise, M. and Jibson, R.W. 2000. A seismic landslide 
susceptibility rating of geologic units based on analysis of 
characteristics of landslides triggered by the 17 January, 1994 
Northridge, California earthquake. Engineering Geology, 58, 251-270. 
[88] Pistocchi, A., Luzi, L. and Napolitano, P. 2002. The use of 
predictive modeling techniques for optimal exploitation of spatial 
databases: a case study in landslide hazard mapping with expert 
system-like methods. Environmental Geology, 41, 765–775. 
[89] Reger, J.P. 1979. Discriminate analysis as a possible tool in 
landslide investigations. Earth Surface Processes and Landforms, 4, 
267-273. 
[90] Rodeano, R. 2004. Study of Mass Movement along Bundu 
Tuhan to Kundasang Highway, Sabah, Malaysia. MSc Thesis. 
Unpublished. Universiti Malaysia Sabah. 
[91] Rodeano, R., Jamaluddin, T.A., and Talip, M.A. 2012a. 
Intergration of GIS using GEOSTAtistical Interpolation Techniques 
(Kriging) (GEOSTAINT-K) in deterministic model for landslide 
susceptibility analysis (LSA) at Kota Kinabalu, Sabah, Malaysia. ISSN 
1916-9787. Journal of Geography and Geology, 4 (1), 18-32. 
[92] Salciarini, D., Godt, J.W., Savage, W.Z., Conversini, P., Baum, R.L. 
and Michael, J.A., 2006. Modeling regional initiation of rainfall-
induced shallow landslides in the eastern Umbria Region of central 
Italy. Landslides, 3 (3), 181–194. 
[93] Santacana, N., Baeza, B., Corominas, J., De Paz, A. and Marturiá, 
J. 2003. A GIS-Based multivariate statistical analysis for shallow 
landslide susceptibility mapping in La Pobla de Lillet area (Eastern 
Pyrenees, Spain). Natural Hazards, 30 (3), 281-295. 
[94] Sarkar, S., Kanungo, D.P. and Mehrotra, G.S. 1995. Landslide 
hazard zonation: a case study in Garhwal Himalaya, India. Mountain 
Research and Development, 15 (4), 301–309. 
[95] Soeters, R. and Van Westen, C.J. 1996. Slope instability 
recognition analysis and zonation. Dlm. Turner, K.T., Schuster, R.L. 
(pnyt.), Landslide: investigation and mitigation. Spec Rep 47. 
Transportation Research Board, National Research Council, 
Washington, DC. hlm. 129–177. 
[96] Spiegelhalter, D.J. 1986. Uncertainty in expert systems, in 
artificial intelligence and statistics. Addison Wessey, Reading, MA, 
pp17–55. 
[97] Sreemal, P.S., Chmpati Ray, P.K. and Srivastav, S.K. 2003. 
Remote sensing and GIS based method and software customization 
for landslide hazard assessment along Silchar–Shillong Highway, 
Northeast India. Tropical Agricultural Research, 15, 316–326. 
[98] Süzen, M.L., and Doyuran, V. 2004. A comparison of the GIS 
based landslide susceptibility assessment methods: multivariate 
versus bivariate. Environmental Geology, 45, 665–679. 
[99] Tangestani, H.M. 2003. Landslide susceptibility mapping using 
the fuzzy gamma operation in a GIS, Kakan catchment area, Iran. Map 
India Conference, Disaster Management. 6 hlm. 
[100] Tangestani, H.M. 2004. Landslide susceptibility mapping using 
the fuzzy gamma approach in a GIS, Kakan catchment area, southwest 
Iran. Australian Journal of Earth Sciences, 51 (3), 439 – 450. 
[101] Temesgen, B., Mohammed, M.U. and Korme, T. 2001. Natural 
hazard assessment using GIS and remote sensing methods, with 
particular reference to the landslides in the Wondogenet area, 
Ethiopia. Physics and Chemistry of the Earth Part C (26), 665–675. 
[102] Terlien, M.T.J., van Asch, T.W.J. and van Westen, C.J. 1995. 
Deterministic modelling in GIS-based landslide hazard assessment. 
Dlm. Carrara, A., and Guzzetti, F. (pnyt.). Geographical information 
systems in assessing natural Hazards. Kluwer Academic Publishing: 
The Netherlands. hlm. 57-77. 
[103] Thiery, Y., Malet, J.P., Sterlacchini, S., Puissant, A. and Maquaire, 
O. 2007. Landslide susceptibility assessment by bivariate methods at 
large scales: Application to a complex mountainous environment. 
Geomorphology, 92 (1), 18. 
[104] Thiery, Y., Sterlacchini, S., Malet, J.P., Puissant, A. and Maquaire, 
O. 2004. Strategy to reduce subjectivity in landslide susceptibility 
zonation by GIS in complex mountainous environments. In: Toppen, 
F., Prastacos, P. (eds), Proc. of AGILE 2004: 7th AGILE Conference on 
Geographic Information Science. 29th April – 1st May 2004, 
Heraklion, Greece: 623-634. 
[105] Uromeihy, A. and Mahdavifar, M.R. 2000. Landslide hazard 
zonation of the Khorshrostam area, Iran. Bulletin of Engineering 
Geology and the Environment, 58 (3), 207-213. 
[106] van Westen, C.J. and Getahun, F.L. 2003. Analyzing the 



Malaysian Journal Geosciences (MJG) 1(2) (2017) 16-22 
    

  

  

Cite the article: Rodeano Roslee, Alvyn Clancey Mickey, Norbert Simon, Mohd. Norazman Norhisham (2017). Landslide Susceptibil ity Analysis (Lsa) Using Weighted Overlay 
Method (Wom) Along The Genting Sempah To Bentong Highway, Pahang . Malaysian Journal Geosciences (MJG) 1(2) (2017) 16-22 

 

22 

evolution of the Tessina landslide using aerial photographs and 
digital elevation models. Geomorphology, 54, 77–89. 
[107] Van Westen, C.J. and Lulie Getahun, F. 2003. Analyzing the 
evolution of the Tessina landslide using aerial photographs and 
digital elevation models. Geomorphology, 54 (1-2), 77-89. 
[108] van Westen, C.J. and Soeters, R. 1996. GISSIZ: Geographic 
Information Systems in Slope Instability Zonation Part 1: Theory (Vol. 
Version 2.). 
[109] Van Westen, C.J. 1992. Medium scale landslide hazard analysis 
using a PC based GIS: a case study from Chinchina. In: Alzate JB (ed). 
Proc. 1st Simposio Internacional sobre Sensores  

Remotes y Sistemas de Informacion Geografica (SIG) para el Estudo 
de Riesgos Naturales, Bogota, Colombia. Instituto Geografico Agustin 
Codazzi, Bogota, vol 2, 20 pp. 

[110] van Westen, C.J. 1994. GIS in landslide hazard zonation: A 
review, with examples from the Andes of Colombia. Dlm. Price, M.F. 
and Heywood, D.I. (pnyt.). Mountain Environments and Geographic 
Information Systems. Taylor and Francis Publishers. hlm.135-165. 
[111] van Westen, C.J. 1997. Statistical landslide hazard analysis. 
ILWIS 2.1 for Windows application guide. ITC Publication. Enschede, 
73–84. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

[112] van Westen, C.J., 1993. GISSIZ. Training package for 
geograophic infromation systems in slope instability zonation. Part 1: 
theory. UNESCO—ITC Project on “Geo-information for 
environmentally sound management of natural resources”. Enschede, 
Netherlands. 

[113] Van Westen, C.J., Rengers, N. and Soeters, R. 2003. Use of 
geomorphological information in indirect landslide susceptibility 
assessment. Nat. Hazard., 30, 399–419. 
[114] Varnes, D. J. 1978. Slope movement types and process. In Dikau, 
R., Brunsden, D. John Wiley and Sons. 
[115] Varnes, D.J. 1984. Landslide Hazard Zonation: A review of 
principles and practice. Commission on landslides of the IAEG, 
UNESCO. Natural Hazards, 3, 61p 
[116] Wieczorek, G.F. 1996. Landslide triggering mechnanisms. Dlm. 
A. And Turner, Landslides investigation and mitigation. Special report 
247 (pnyt.). Washington: National Academy Press. hlm. 76. 
[117] Yalcin, A. and Bulut, F. 2007. Landslide susceptibility mapping 
using GIS and digital photogrammetric techniques: a case study from 
Ardesen (NE-Turkey). Nat. Hazards, 41, 201–226. 
[118] Yin, K.J. and Yan, T.Z. 1988. Statistical prediction model for 
slope instability of metamorphosed rocks. Proc. 5th International 
Symposium on Landslides. Lausanne, Switserland. Vol. 2, 1269-1272. 
[119] Zaitchik, B.F., van Es, H.M. and Sullivan, P.J., 2003. Modeling 
slope stability in Honduras: parameter sensitivity and scale of 
aggregation. Soil Science Society of America Journal, 67 (1), 268–278. 

 

 

 


