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Statistics has shown that Malaysia receives high frequency of landslide while
Cameron Highlands (CH) is one of the landslide prone hotspots. Previous
studies have been conducted on landslide assessment but most research
focused on urbanised populated area and limited study was conducted in
forested mountainous area of CH. Most of the Malaysian show insufficient
knowledge and low awareness regard landslide issue even though landslide
case is not rare in this country. Besides, Digital Terrain Model (DTM)
developed by radiogrammetry technology tends to produce spatial data with
high precision. However, application of DTM in terrain assessment of
mountainous forest was said to be challenging due to its complex terrain
structure. This study aimed to demonstrate method to map terrain
morphological characteristics and establish a terrain sensitivity map in landslide
prone area of CH. Moreover, this study also aimed to analyse the landslide
density in forested and non forested area of CH and evaluate the accuracy of
DTM application in terrain assessment of mountainous forest. DTM of CH was
applied to generate the terrain parameters which are elevation, slope gradient,
aspect, Length-slope Factor (LS Factor) and Topography Wetness Index
(TWI). All parameters were integrated, and a terrain sensitivity map was
simulated by using weighted overlay analysis. Field assessment was
conducted to collect landslide coordinate as data for landslide density
measurement and DTM accuracy assessment. Result shows that 35.28% of
slopes which are scatterly distributed in CH are classified as high sensitive
area with landslide density of 2.18unit/km. Ringlet Forest Reserve recorded the
highest frequency of landslide occurrence in forested area with 9.09unit/km,
and Kuala Terla area recorded 4.01unitkm in non-forested area. Map
comparison with field verification suggested that the DTM based Terrain
Sensitivity Map generated obtained accuracy of 79.25%. Results presented
provide a significant contribution to the understanding of interactions between
terrain characteristic and forest functions were critically discussed. Digital



terrain analysis approach presented in this study offer alternative techniques
for the assessment of micro topography in forested area, which opens up
opportunity for researchers and forest practitioners to assess forest stability
and structure from the perspective of terrain parameters. In addition, the
difference of landslide density in forested and non-forested area emphasized
the impact of forest exploitation which can raise public concern about the
importance of forest conservation. Information and analytical methods
discussed in this study will be beneficial for further site assessment to support
sustainable land management planning, especially in the complex mountainous
forest of CH.

Keyword: Digital terrain model, terrain sensitivity, terrain parameters, landslide
density, map accuracy.
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Statistik menunjukkan bahawa Malaysia kerap mengalami tanah runtuh dan
Cameron Highlands (CH) merupakan salah satu kawasan berpotensi tinggi
mengalami kejadian tanah runtuh. Kajian tentang penilaian tanah runtuh yang
terdahulu kebanyakannya hanya memberi tumpuan kepada kawasan bandar
manakala kajian di kawasan pergunungan hutan CH adalah terhad. Sebilangan
rakyat Malaysia menunjukkan kekurangan pengetahuan dan mempunyai
kesedaraan yang rendah terhadap isu-isu tanah runtuh walaupun negara ini
mempunyai kekerapan kejadian tanah runtuh yang tidak rendah. Selain itu,
Model Terrain Digital (DTM) yang dijanakan oleh teknologi radiogrammetri
berkemampuan untuk menghasilkan data spatial dengan ketepatan yang tinggi.
Namun, applikasi DTM dalam penilaian topografi hutan bergunung boleh
dikatakan amat mecabar kerana struktur muka buminya yang kompleks. Objektif
kajian ini dijalankan adalah bagi menunjukkan kaedah pemetaan ciri-ciri
morfologi dan menggambarkan kawasan yang berpotensi tinggi untuk kejadian
tanah runtuh di CH. Di samping itu, penilaian kekerapan tanah runtuh di
kawasan berhutan dan tidak berhutan serta penilaian ketepatan applikasi DTM
dalam penilaian topografi di kawasan bergunung juga dijalankan. DTM yang
menunjukkan topografi CH telah digunakan untuk mengenal pasti ciri-ciri
kawasan seperti ketinggian, kecerunan, aspek, faktor panjang-cerun (LS Factor)
dan indeks kelembapan tanah (TWI). Semua parameter telah diintegrasikan, dan
peta topografi sensitif telah disimulasi dengan menggunakan analisis weighted
overlay. Penilaian lapangan telah dilakukan bagi mengumpulkan koordinat tanah
runtuh sebagai data bagi pengukuran kekerapan tanah runtuh dan penilaian
ketepatan applikasi DTM. Keputusan kajian ini menunjukkan bahawa 35.28%
daripada cerun di CH diklasifikasikan sebagai kawasan sensitif aras tinggi
dengan kekerapan tanah runtuh sebanyak 2.18unit/km. Hutan Simpan Ringlet
menunjukkan kekerapan kejadian tanah runtuh yang tertinggi dengan
9.09unit/km di kawasan berhutan, manakala kawasan Kuala Terla mencatatkan
4.01unit/km merupakan kekerapan tertinggi di kawasan tidak berhutan. Peta
Topografi Sensitif yang dihasilkan berdasarkan DTM memperoleh ketepatan



sebanyak 79.25%. Keputusan kajian ini memberi sumbangan yang signifikan
kepada pemahaman tentang interaksi antara ciri-ciri topografi dengan
pembentukan tanah runtuh di CH. Interaksi antara ciri-ciri topografi dan fungsi
hutan telah dibincangkan secara kritikal. Kaedah analisis topografi secara digital
yang dibentangkan dalam kajian ini menawarkan teknik alternatif untuk penilaian
topografi mikro di kawasan berhutan, yang membuka peluang kepada penyelidik
dan pengamal dalam industri perhutanan untuk menilai kestabilan dan struktur
hutan dari perspektif ciri-ciri topografi. Selain daripada itu, perbezaan kekerapan
tanah runtuh di antara kawasan berhutan dan tidak berhutan menunjukkan
kesan eksploitasi hutan yang boleh menimbulkan kesedaran masyarakat
mengenai kepentingan pemuliharaan hutan. Kaedah maklumat dan analisis yang
dibincangkan dalam kajian ini akan memberi manfaat kepada penilaian tapak
selanjutnya untuk menyokong perancangan pengurusan tanah lestari, terutama
di hutan pergunungan kompleks CH.

Kata Kunci: Model terrain digital, sensitiviti topografi, ciri-ciri topografi, kekerapan
tanah runtuh, ketepatan peta.
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CHAPTER 1

INTRODUCTION

1.1 Background of Study

Landslide is defined as collapse of land that causes displacement of soil and
earth mass down to the lower slope (Froude, 2018). It is shifting of debris or
rocks down to the lower hill due to the gravity effect (Cruden, 1991). Landslide
can occur when an area was overexploited without proper management plan.
In addition, landslide can occur in nature too due to external triggers such as
vibration caused by earthquakes or rainfall (Zhang et al., 2014).

Malaysia is very common in landslide disasters. According to Kazmi et al.
(2016), the highest rate of landslide incidents were 71 major cases recorded in
the year of 1996 due to several factors such as geological condition and failure
in development planning. Although landslide occurrence is getting decreased at
the following year, there were still 193 landslide cases recorded between the
year 1997 to 2008 that caused fatalities or economics loss in large scale. As
reviewed by Gue and Tan (2006), 88% of landslide in Malaysia is caused by
the construction and design error due to the insufficient understanding of slope
condition. Slope stability and terrain parameters such as water drainage
condition were not study in details before the building was raised. While, the
reason that caused another 12% of landslide case is due to the lack of slope
maintenance and natural flaw in geological aspect.

Malaysia’s government show concern on landslide issue and thus introduced
several monitoring systems to reduce landslide frequency. The systems were
installed to assess the slope information regularly. In 2018, Public Works
Department (PWD) had started mitigation work of landslide all along the public
roads to enhance road safety. It involved risk assessment and hazard mapping
to avoid landslide. An Early Warning System (EWS) was established by
installing rain gauge devices at risky slope to provide alert messages whenever
landslide can be triggered in high chance (Zakiah et al., 2019). Besides, a
system named Kuala Lumpur Slope Information System (KuLSIS) that enable
360 degree of three dimensional (3D) views in Kuala Lumpur was launched in
2014. KuLSIS can be access by developers to obtain slope information such as
rain distribution and geology settings in order to minimise the risk of
construction (Wong, 2014). These techniques are developed by using
technology of Geographic Information System (GIS). The image data is built by
integration of map that represented different feature of earth surface such as
street, buildings and vegetation.



Other than that, researchers contributed to prevent landslide by conducting
landslide assessment in Malaysia. Previous research conducted regard
landslide assessment in Malaysia presented in various aspects such as the
correlation between rainfall intensity and landslide frequency along public road
(Tay & Selaman, 2011); the effect of soil type and lithology factors towards
landslide occurrence (Mohd et al., 2019); and influence of land use towards
landslide occurrence (Kamilia et al., 2016). However, most of the landslide
related studies were focused on explored areas such as public road,
infrastructure and populated area. There are limited studies conducted on
natural areas such as mountainous forest even though the hazard is persisted
(Schuster & Highland, 2007; IUCN, 2016). According to University of Cincinnati
(2018), society shows less interest in natural landslide as it happened in less
populated areas. Therefore, most of the landslide related studies were targeted
in urban areas to secure human lives and avoid economic loss. Forest
conservation and study related to forest community does not raise the public
concern.

In fact, forest plays their part in maintaining slope stability. According to Forbes
and Broadhead (2011), vegetation cover in forest can effectively reduce the
risk of landslide by expelling excessive water on soil surface to the
atmosphere. Moreover, tree stand in forest can act as natural barrier whenever
there is event of erosion and rock falls. In the view of ecology, forest act as
environmental stabiliser to maintain the welfare of its surrounding. In Malaysia,
forest exploitation activities had caused water pollution. From the year of 1986
to 2000, the coverage of polluted river in Malaysia raised from 46% to 72% due
to the diminished size of forest in Malaysia (DOE, 2001). As reviewed by
Mohamad and Zainudin (2011), rivers in Peninsular Malaysia were severely
polluted due to the rapid development since 1970s. As 90% of water resources
in Peninsular Malaysia is arose from mountain forest, thus unsustainable forest
exploitation altered the hydrological cycle. Water pollution is only one of the
impacts of forest exploitation. Series of adverse impact included species
extinction, pollution, land degradation and disasters should be expected once
forest resources are overexploited. Therefore, forest conservation is a national
issue and it has its value to be studied. Well spoken by Haliza (2014), no
country will be free from environmental disasters if natural resources were
overexploited.

Moreover, landslides in mountainous area bring huge loss to society as well.
According to Tongkul (2015), a large scale earthquake attack had occurred in
Ranau, Sabah at June 2015. Intense shaking caused 18 climbers died on
Mount Kinabalu and also triggered a landslide that cover 15km? of area.
Besides, the incident caused huge damage to farmland, houses and numbers
of bridges. Another landslide tragedy was happened in hillside area in 2008.
According to The Star Online (2008), a huge landslide occurred in Taman Bukit
Mewah at 3.30am which caused four people died and destroyed 14 bungalows.
Around 2000 residents were required to evacuate and air-wing unit was
initiated to transfer 13 people who are pregnant, stroke and heart attack.
Leaking pipes are believed to be the main cause of the incident. Soil



underneath the buildings were loosen and unstable due to the continuously
water immersion from leaking pipe over years (Tariq, 2013).

Landslide in mountainous area could be happening in our society. However,
the remoteness of mountainous forest is one of the reasons that caused limited
study of the area. According to Martin et al. (2007), tropical mountainous forest
having elevation of 1100m to 3100m above sea level with minimum
temperature <5°C. These conditions increase the risk of health issue and
expose researchers to a danger environment. Researchers require high fitness
and health to work under such environment. Moreover, mountainous forest
does not have fine facilities such as road, accommodation, food and water
supply compared to urban area. Research and data collection activities will be
challenging to be carrying out in remote forest area. = With the advance
technology, assessment in forest can be done remotely. Digital Terrain Model
(DTM) is a digitised data that enable user to extract information of earth surface
without access to the area.

DTM is a spatial dataset that exhibit ground elevation as earth topography
representation (Podobnikar, 2009). According to Balasubramanian (2017),
DTM digitised ground elevation point and able to present surface of bare land
in 3D views. It consists of topography information such as slope and aspect
that enable user to execute analysis in various fields. In common, DTM are
built based on data collected from satellite image, aerial photography, space-
borne radar or topography map. Thus, it eases the works of data collection in
low accessibility areas.

1.2 The Case in Cameron Highlands

Based on data from US National Aeronautics Space Administration (NASA),
Cameron Highlands (CH) is one of the mountainous forest areas which are
spotted to have landslide frequently (Sim et al., 2018).

CH is well known as crop producer in Malaysia. Based on The Star Online
(2019), CH is the main producer of vegetables and flowers in Malaysia. The
annual production of solely cabbage is 68,500 tonnes and cultivation area
covered 27.70km? of land. As reported by Rendana et al. (2015), the total
coverage of agriculture land in CH was 75.27km? in 2014; solely cabbage
cultivation land had occupied 36.80%. The percentage shows the high demand
of the agriculture product from CH. However, high demand of the agriculture
goods brings adverse effect to the environment in CH.

Cultivation of agriculture products can contribute to risk of landslide indirectly.
According to Chan (2018), land in CH had being exploited illegally without
control for plantation establishment. As plantation establishment require series
of terrain disturbance such as deforestation and land clearing, those activities

3



will increase the risk of slope instability and might trigger sensitive spot
(Abhisbek, 2014). Furthermore, illegal exploitation of mountainous forest does
not undergo environmental impact assessment by authority. Thus, unexpected
slope failure might occur when the sensitive spot was triggered.

Construction and development event in CH contribute to landslide occurrence
as well. According to Loh (2018), the development of housing and building
involving hills had increased since 2014. In 2018, ruler of Pahang had called for
termination of construction and agriculture expansion in CH to prevent
landslide triggering (Kaur, 2018). However, it does not halt development in CH
effectively. Based on bulletin from News Straits Times (2019a), MGB Berhad
(Construction Services Unit) initiated a property development project in CH with
about RM107 million of Gross Development Value (GDV). As mentioned by
Haliza and Jabil (2017), development without detailed terrain survey might
trigger slope failure and lead to fatal landslide. Thus, it raised the need of
terrain assessment in CH to minimise the environmental hazard.

Several landslide cases in CH are shown in Table 1.2 The location of incident
included plantations, housing areas and busy highways. Landslide in different
kind of land use indicates the terrain instability in CH. Any human activities in
CH might encourage landslide triggering. Therefore, detailed study related to
landslide is needed in CH to minimise and effectively reduce the environmental
hazard in CH (Chan, 2018).

Table 1.2 : Landslide cases in Cameron Highlands.

Date Location and Incident Source
19 Oct 2019  Landslide in Jalan Simpang Pulai. News  Straits
Times, 2019b

25 May 2019 Landslide in Jalan Ringlet-Blue Valley and Jalan Ulu Kaur, 2019
Merah.

14 Oct 2018  Landslide in Kuala Terla — caused three people from Muhammad,
Myanmar died in the incident. 2018

25Jan 2017 Landslide in Kampung Raja — caused a gardener Avineshwaran,
from Bangladesh died in the incident. 2017

28 Dec 2016 Landslide in Tanah Rata — caused damage to a The Star
bungalow and four vehicles. Online, 2016

09 Nov 2015 Landslide in Jalan Tapah-Ringlet — caused debris and Loh, 2015
trees fall on the road.

31 Dec 2014 Landslide in Jalan Brinchang-Tringkap — caused Loghun, 2014
three deaths and one injury.

06 Nov 2014 Landslide in Ringlet New Village — caused one death, Malay Mail,
four injuries and a child missing. 2014




06 Nov 2014  Landslide and flash flood in Ringlet and Kuala Terla — The Sun Daily,
caused three deaths and five injuries. 2014

07 Aug 2011 Landslide in Kampung Sungai Ruil — caused six Looi, 2011
deaths and two injuries.

01 May 1961 Landslide in Ringlet town — caused 16 deaths. Fauziah, 2017

Landslide related study is not lacking in CH. Based on several studies in recent
years, Gahgah et al. (2009) studied the landslide causal factors along the road
between CH and Gua Musang; Lateh et al. (2010) studied the effect of rainfall
towards land movement in CH; and Matori et al. (2011) studied the monsoonal
effects on landslide hazard in CH. Whereas, terrain assessment in
mountainous forest is still inadequate in CH. Based on Zaini et al. (2014), only
21% of CH was explored and urbanised while 79% remained forested. The
huge forest area in CH will be a potential study site for terrain assessment. In
general, research on natural area such as mountainous forest is very limited
even though natural hazard in remote area is not rare (Schuster & Highland,
2007; IUCN, 2016). Thus, a study of terrain sensitivity focused on mountainous
forest area in CH will provide beneficial information to assist further
management and sustainable forest planning in the region.

1.3 Problem Statement

Malaysia is one of the top 10 countries all around the world with highest
frequency of landslide. According to Sim et al. (2018), Malaysia is ranked at
10" place in the list of Global Landslide Catalog (GLC) based on number of
landslide cases reported from the year of 2007 to 2016.

At present, most of the landslide cases reported in Malaysia was focused on
populated or urban area. There is limited study and less attention was given to
the landslide in remote forest areas as presume that landslide in remote area
does not cause effect to the society. According to Haliza and Jabil (2017), 94%
of landslide cases reported in Malaysia were due to construction error and flaw
in construction design; while only 6% of landslides reported were occurred
naturally. The distinctness of both percentages are due to that landslides
happened in remote area is less likely being reported or further investigated
(Petley, 2009). However, safety in remote areas such as mountainous forest is
equally important as it will cause tragedy as well. For example, a deadly
landslide triggered by earthquake had occurred in Mount Rinjani, Indonesia
and trapped 40 Malaysia tourists (Teh, 2019). Besides, a landslide occurred in
Vajont, Italy caused huge part of mountain material crashed into a lake and
triggered a tsunami that cost 2,000 human lives in 1963 (University of
Cincinnati, 2018). These hidden threats might occur in Malaysia as well. Thus,
a detailed terrain assessment on mountainous forest will be crucial to avoid the
repetition of these tragedies.



In social aspect, public have low accessibility regard landslide knowledge as
well as prevention method in Malaysia. As refer to a survey conducted in
Penang Island, Malaysia, most of the government and non government officer
in charge of landslide cases do not have sufficient knowledge, awareness, skill
and experience to handle the situation (Habibah & Vijaya, 2012). This is due to
the education in Malaysia covered only the environmental hazard information in
certain university course such as Geography and Science (Jamilah et al.,
2014). However, knowledge is important when dealing with natural disaster
(Karnawati & Pramumijoyo, 2008). Research related to landslide should be
encouraged and make available to public (Jamilah et al., 2014). As mentioned
by Izumi et al. (2019), impact of natural disaster is not often can be prevented
entirely; however, cooperation between different parties can reduce the
damage and severity effectively. Thus, this study demonstrated an efficient
method of terrain assessment that can be conducted by any relevant agencies
or individual for landslide prevention.

Other than that, low awareness which is an extensive issue of low accessibility
of hazard knowledge had raised among certain group of Malaysian community.
According to Khairiah and Habibah (2012), resident in vulnerable area
especially highland area has low awareness toward landslide issue compared
to respondent that reside in flat land area. Among the respondent, around
27.4% agreed that environmental issue are too far in the future to be worry
about; and 38.3% of respondent agreed that it is difficult to contribute to activity
that are environmentally friendly. The author further stated that level of
awareness does not affect by the education level. The statement proved that
the Malaysian show low interest on the environmental issue. As reviewed by
Khaled et al. (2016), Malaysia’s resident possess of limited environmental
knowledge and awareness. Most of the Malaysian agreed that natural
environment could be forgone for the sake of development. Therefore, this
study provided the comparison of landslide density between forested and non-
forested area to reveal the contribution of forest exploitation towards the
frequency of landslide.

In technology aspect, types of spatial data available in Malaysia having the
issue of low accuracy and low practicability which is very difficult to be use in
terrain assessment. In conventional way, terrain data can be acquired through
traditional surveying techniques. Traditional technique makes measurement
based on instrument such as theodolites and computerized total stations while
coordinate of location was recorded by Global Positioning System (GPS)
(Kavitha et al., 2018). Data accuracy of this technique is relatively high.
However, it is time consuming, area limiting and require high labour cost.

Terrain survey can also be done with remote sensing techniques. Terrain
characteristic can be described through data produce via Light Detection and
Ranging (LIDAR) technology. Sensor from platform such as satellite or airplane
will detect electromagnetic energy reflected from ground to measure the
physical properties such as elevation (Moore, 1979). The technology is
currently applied by most of the countries in the world for terrain and
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hydrological assessment. Anyhow, LIDAR technology is high priced; therefore,
it is not affordable by public (Izni et al., 2015). Due to this reason, LIDAR
technology is very difficult to be widely applied without the financial support
from government or relevant agencies. Moreover, Malaysia’s government does
not provide free LIDAR data for public like other countries and most of the data
are confidential (Singh, 2016). Thus, study or analysis done by LIDAR data is
very rare in Malaysia due to its low accessibility.

Besides, photogrammetry technology is also a remote sensing technique to
acquire terrain information. According to Li et al. (2005), photogrammetry
requires stereo pair of camera to capture same scene of landscape from
different angle. The images produced were overlay to produce 3D image.
Photogrammetry produce relatively high resolution image with low cost and
high speed. However, it is not practical in tropical area. Operation of
photogrammetry is highly dependent on the existence of sun radiation. Thus,
the accuracy of image data will be relatively low when the areas are covered by
dense cloud. As cloud covering is a common phenomenon in tropical country,
therefore, photogrammetry techniques is not suitable to be apply in Malaysia
(Ahamad, 2017).

Other than the previously mentioned techniques, DTM which have been
introduced since 1970’s is also an option for terrain surveying. DTM developed
by radargrammetry utilise microwave to collect terrain information which the
accuracy does not effect by cloud density and haze intensity (Ahamad, 2017).
In addition, public user can access to DTM of Malaysia from Jabatan Ukur dan
Pemetaan Malaysia (JUPEM) with low cost (JUPEM, 2019). However, the
application of DTM was said to be challenging in hybrid geographic features
and area with dense canopy such as tropical rainforest (Li, 2013; Hodgson &
Bresnahan, 2004). Thus, the accuracy of DTM in application of terrain
sensitivity assessment in tropical mountainous forest remains unresolved.

In short, the aim of this study is to conduct terrain assessment of mountainous
forest area which is often neglected by public and also to evaluate the accuracy
of DTM application of terrain assessment in tropical mountainous forest.
Besides, the landslide density of forested and non-forested area was
emphasised in this study as well to highlight the impact of forest exploitation.
This study also displayed an efficient research framework to assist researcher,
forest manager or any relevant parties for further evaluation of the forest
resources.

1.4 Objectives

(a) To characterise terrain parameters of mountainous forest in Cameron
Highlands using DTM.



(b) To establish a terrain sensitivity map of mountainous forest in Cameron
Highlands.

(c) To analyse the landslide density of forested and non-forested area in
Cameron Highlands.

(d) To evaluate the accuracy of DTM application in terrain sensitivity
assessment of mountainous forest in Cameron Highlands.

15 Significant of Study

Main contribution of this study is the terrain sensitivity map generated that
layout the high landslide susceptibility slope in CH. With the aid of terrain
sensitivity map, local authority and relevant agencies could make use of the
information by involving it in mitigation planning. High sensitive spots will be
protected and strictly prohibited from visitors. It will assist in future decision
making by select the suitable spot for development purpose.

Besides, the outcome of this study will raise awareness of local people or
public regard the needs of environmental conservation. As reviewed by Khaled
et al. (2016), only 12 to 22% of Malaysian youngsters possess the mindset of
environmental conservation. While, high percentages of Malaysian possess
insufficient environmental knowledge and awareness. In addition, knowledge of
environmental hazard not only lacking in public but also insufficient among the
officer in government and non government sector (Habibah & Vijaya, 2012).
Thus, this study reveals the environmental complexity and level of terrain
sensitivity in mountainous forest of CH that can be a reference to the public.
Relevant parties and our society can comprehend the contribution of
development towards landslide occurrence and can have better understanding
regard the terrain sensitivity.

Moreover, the outcome can benefit the ecotourism sector to enhance the
visitor's safety. Activities such as jungle trekking and rock climbing will be
avoided in high sensitive area. Early execution can be done whenever there
are sudden changes of weather during activities. As reported by Tourism
Pahang (2019), the tourist number of CH had increased 109.12% from the year
2010 (715,575 tourists) to 2018 (1,496,372 tourists). The statistic shows the
vigorous growth of tourism sector in CH. Thus, outcome of terrain sensitivity
study does not only benefit the safety of local resident but also the safety of
domestic and international visitors. Indirectly, the reputation and international
profile of Malaysia can be maintained when legislation and law relevant to well
being of visitors are established in CH.



Lastly, this study will benefit to various parties included researchers,
stakeholders and management authority by providing informative reference.
Terrain assessment framework provided in this study is feasible and user
friendly to any parties. It overviewed the landslide and mitigation plan in
Malaysia; types of spatial data available for assessment purpose; terrain
characteristic of mountainous forest in CH; and provides better understanding
on DTM application as well.
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