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Abstract

According to the landslide records between 1993 and 2019 in Malaysia, 171 individuals lost their
lives, many others sustained injuries and numerous families evacuated. Additionally,
infrastructures and vehicles incurred damage. Even though landslides present a risk to human life,
environment, and infrastructures, there are few studies on landslides vulnerability in Malaysia with
most of them focusing on social vulnerability neglecting the physical vulnerability. Consequently,
a dearth of information on the vulnerability of an area to landslides may amplify the risks
associated with landslides, and the relevant authorities in both the landslide-prone and affected
regions may not implement the appropriate mitigation measures. The aim of this study is to
estimate vulnerability of elements at risk to landslide in the hazard’s affected area of Sireh Park.
An indicator based method was used to calculate the relative vulnerability index for each of the
elements at risk. In applying the method, experts assigned weights to the indicators and their
respective sub indicators based on their significance to landslides vulnerability. The indicators
were grouped into clusters, the total values of weights for all the clusters equals to 1. The results
of the study showed that about 252 elements at risk are exposed to landslides in Sireh Park, out of
which 226 (89.7%) are buildings, while 26 (10.3%) are roads. The general level of buildings'
vulnerability to landslides in the study area is relatively low, however about 20.4% of the buildings
display a high degree of vulnerability. Meanwhile, the general vulnerability of roads sections to
landslides is averagely high, with about 54.8% of the roads sections exhibiting a high degree of
vulnerability while 16.1% exhibits low degree of vulnerability. The study can help stakeholders to
identify locations with high landslide vulnerability and guide the development of mitigation
measures and emergency preparedness plans to reduce the potential impact of landslides in the
study area.

Keywords: Element at risk, landslides runout distance, landslides vulnerability, physical
infrastructures, vulnerability indicators, vulnerability index
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Introduction

Landslide is a persistent geohazard that frequently occurs in hilly areas and has an impact on
worldwide socioeconomic trends (Fakhrul et al., 2022). Although landslides frequently occur in
mountainous settings, they can also happen in places with typically low relief. Landslides harm
the environment and the services it provides as well as anthropogenic activities worldwide
(Arrogante-Funes et al., 2021). According to Froude and Petley (2018), based on dataset of deadly
non-seismic landslides in total, 55 997 individuals were killed in 4862 different landslide events
worldwide between January 2004 and December 2016. In addition, landslides are distributed
unevenly across the world, with Asia being the predominant continent.

According to Leoi and Chan (2018), Malaysia has had 18.5 landslides per year on average
over the last ten years. Due to its high landslide rate, the country was ranked fifth among nations
with a land area larger than 100,000 square kilometres in terms of landslides per square kilometre.
In Malaysia, landslides happened in mountainous areas and were triggered by the construction of
highways or housing zones. Failures from landslides and other effects of soil failures rise
considerably as house development and human activities continue to expand as well as
urbanisation. Communities are now more likely to experience landslides due to the considerable
growth in the construction of hilly terrain, particularly in the vicinity of highly populated places
(Rahman & Majid, 2020). According to Akter et al. (2019), recent population growth and
accelerating economic conditions have prompted the building of high-rise condominiums as well
as the development of settlements and lifelines over Malaysia's hilly terrain. The probability of
landslide disaster occurrences, which have a higher potential for fatalities and economic damage
than in the past, is rising because of these development efforts.

Landslide inventory is a detailed record of the past landslide distribution, characteristics
and other important information related to it. It keeps track of the landslide's spatial distribution,
frequency, activity, magnitude, date of occurrence, type, volume, material displaced, degree of
damage, and density (van Westen et al., 2008; Krishna et al., 2021; Wubalem, 2022). Landslide
inventory of an area can be created after a thorough review of historical documents, field surveys,
as well as aerial photograph and google earth images interpretation. To get correct landslide data,
there is need to integrate as many of the acquisition techniques as possible rather than relying
solely on one source. This will make the inventory to be reach and allow for a number of analysis
to be possible (Singh et al., 2019; Fakhrul et al., 2022; Wubalem, 2022). However, even in
industrialized nations, landslide event databases are frequently far from complete. Landslide
inventory is frequently used to assess the performance and correctness of landslide susceptibility,
hazard, and risk maps (Rahman & Majid, 2020; UNISDR, 2017). Landslide inventory mapping is
the systematic mapping of existing landslides in a region using different sources and techniques
such as field survey, air photo/satellite image interpretation, and literature search for
historical landslide records (Sivakami & Rajkumar, 2020). Therefore, a landslide inventory
provides the spatial distribution of locations of existing landslides and the record of past landslides
events in an area. Its data can be obtained from different sources. The record can be used for
various purposes that include researches on landslides hazard, risk, and vulnerability assessment.
It can also be used in conducting researches related to environmental management and
engineering.

Landslide runout distance is the travel distance of landslide and is determined by
considering and evaluating the path of movement in terms of the event’s start and the end points
(Komu et al., 2023). The run out distance is used to takes into account detailed landslides
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characteristics (Zakaria et al., 2018). It is frequently necessary to do runout evaluations in order to
identify probable flood zones, calculate the risks, and create mitigating measures. In order to
anticipate the motion of prospective future landslides, they are utilised to imitate the motion of
historical landslides. In order to calculate run out distance, numerous tools and techniques have
been created, ranging from straightforward empirical-statistical correlations to sophisticated three-
dimensional computer model models (McDougall, 2017). Simple and multiple regression
techniques can be used to develop empirical landslide travel distance models from landslides
datasets. The primary determinants of landslide travel distances in the research area were the
volume of the displaced mass, slope angle, maximum landslide height, and geomorphological
environment (Moncayo & Avila, 2023).

Exposure refers to the physical, social, and environmental factors that expose infrastructure
and people to hazard that could result in losses. Landslide exposure refers to the current state of
people, infrastructure, housing, production capacity, and other tangible human assets that are
situated in landslide prone locations (Krishna et al.,, 2021). Analysing the proportion of
infrastructures and assets situated in hazardous areas allows one to assess the exposure of elements
at risk due to landslide. That is to say in order to assess the exposure of elements at risk, we need
to analyse the percentage of infrastructures and assets that are located in the landslide areas. The
exposure analysis step of risk assessment connects the susceptibility and hazard evaluation with
the value of the elements at risk (Westen et al., 2014). They further stated that the exposure often
identifies which elements are at risk and could sustain some form of damage. Exposure of the
people and/or built environment to landslide risk can be calculated by superimposing landslide
hazard map(s) on maps of population density, the built environment, and infrastructure. The
exposure map can be calculated using data from element-at-risk mapping and landslide
inventories. The procedure can be perform in a GIS software by integrating both elements at risk
map and landslide inventory using spatial analysis (Zakaria et al., 2018). Through landslide
exposure analysis, the exposed elements at risk like infrastructures, buildings, assets, etc. within
the landslide zone as well as landslide run out zone can be identified. To do that, critical
infrastructure shape file or map is overlaid with that of the landslide inventory this will show those
critical infrastructures affected and those that are not affected (Mastura Azmi, 2020). It's critical
to develop a quick, repeatable, and reliable technique for generating landslide hazard and exposure
assessments using earth observations and other openly accessible data in areas with little or no
other data (Emberson et al., 2021).

Vulnerability refers to situations where physical, social, economic, and environmental
elements or processes make a person, a community, a system, or an asset more vulnerable to the
effects of hazards (Krishna et al., 2021). The potentially impacted elements in landslide-affected
areas are the element at risk (Wubalem, 2022). Therefore, when it comes to landslides, the
potentially affected elements are referred to as the "element at risk.” This can include buildings,
infrastructure, and people living or working in the area. The vulnerability of an element at
risk relies on its properties and the intensity of the landslide (Francone, 2022). For instance, if a
building is located on a steep slope and is not built to withstand landslides, it would be considered
more vulnerable than a building located on steep slope and built to withstand landslides. Landslide
magnitude depends on the propagation distance (run out distance), volume, and velocity of slides,
as well as the risk factors (property and life) that are present (Roslee et al., 2017, 2020).

Malaysia developed and adopted the Guidelines for Landslide Risk Assessment and Risk
Index in Critical Public Infrastructure in Malaysia, approved by the Housing and Local
Government Ministry (KPKT) (Malaymail, 2022). Even though landslides present a risk to human
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life, environment, and infrastructures in Malaysia, there are few studies on landslides vulnerability
in the country with most of them focusing on social vulnerability neglecting the physical
vulnerability. Consequently, a dearth of information on the vulnerability of an area to landslides
may amplify the risks associated with landslides, and the relevant authorities in both the landslide-
prone and affected regions may not implement the appropriate mitigation measures. The objectives
of this study are: to identify the exposure of the corresponding elements at risk at Sireh Park, to
map landslide incidents and identify surrounding elements-at-risk at the study area, as well as to
estimate landslide vulnerability of elements at risk at the study area. The scope of this study is
limited to the vulnerability assessment of physical infrastructures that comprise of elements at risk
of building and road facilities within the study area. This is because evaluating the vulnerability
of infrastructures is one of the essential aspects in lowering the risk of landslides in landslide-prone
areas (Singh et al., 2019).

According to Singh et al. (2019), buildings' vulnerability is assessed in relation to the
intensity of the landslide (1), the buildings' resistance capacity (R), and their proximity (P) to the
landslide affected area. According to Mastura Azmi (2020), the suggested set of indicators and
their weights for vulnerability assessment are based on a combination of qualitative (professional
evaluation of past observations) and quantitative approaches (specific numerical modelling of the
impact of landslides). If past records of landslide damage are lacking, experts' advice should take
precedence. Vulnerability matrices, vulnerability curves, and vulnerability indicators are the most
used techniques for evaluating physical vulnerability (Bera et al., 2020). The vulnerability matrices
are based on the qualitative nature of the findings and the application of professional judgement to
assess the empirical evidence (Papathoma-Kohle et al., 2017). In summary, the use of these
techniques provides a standardized and systematic approach to evaluating the potential impact of
landslides on vulnerable elements. As such, these methods are critical in ensuring the safety and
protection of infrastructure and communities at risk of landslides.

Wohlers and Damm (2022) used the Indicator Based Method to estimate road network
vulnerability in the Harz Mountains, Germany. They considered indicators like mitigation
measures, traffic volume, road type, speed reductions, and alternative route length. The study
found that marginal road sections with high average daily traffic volumes were highly vulnerable.
The IBM for mountain hazards (landslides, floods, and debris flows) aims to assess the relative
vulnerability index (RVI) of critical infrastructures such as buildings, assets, and roads, to
mountain hazards. The RVI is generated by assigning weightage values to indicators and sub-
indicators of critical infrastructure attributes, which are then used to calculate the RVI for each
critical infrastructure (Mastura Azmi, 2020; Papathoma-Kohle, 2016). The indicator-based method
for vulnerability assessment of critical infrastructure from translational landslides consists of four
clusters: Critical Infrastructure (C), Environment (E), Landslide Intensity (1), and People (P). Each
cluster has its own set of indicators and weightage values. The total weightage value assigned to
each component or cluster should be equal to the sum of all its indicators and sub-indicators. The
vulnerability index is calculated using the weightage values of the indicators and sub-indicators
(Mastura Azmi, 2020; Papathoma-Koéhle, 2016; Yusrin et al., 2021). The vulnerability index for
each of the elements at risk is calculated using the formula in equation ii (Bera et al., 2020; Mastura
Azmi, 2020; Wohlers & Damm, 2022). Therefore, the indicator-based method (IBM) is proven to
be valuable method for assessing the vulnerability of critical infrastructure to natural hazards
(landslides, debris flows, and floods). Studies have highlighted the effectiveness of the approach
in estimating the vulnerability of road networks, buildings, and assets. The relative vulnerability
index generated through the IBM provides a comprehensive assessment of the vulnerability of
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critical infrastructure by taking into account various indicators and sub-indicators related to critical
infrastructure attributes, environmental conditions, and socio-economic factors. The method is a
valuable approach that can aid decision-makers in identifying and prioritizing critical
infrastructure that requires mitigation measures to reduce the impact of landslides.

The findings of this research will be beneficial to the following organisations for taking
necessary actions: The Malaysian Public Works Department/Jabatan Kerja Raya (JKR) Malaysia.
For their responsibilities in slope remedy and management (mitigation), as well as assessment;
The Department of Mineral and Geoscience Malaysia/Jabatan Mineral dan Geosains Malaysia
(JMG). For their work in geological mapping, preservation of the environment and disaster risk
management, as well as informing government of areas that are prone to landslide in Malaysia
(Abd Sahrin & Abdul Khanan, 2022); The Nusajaya Natural Heritage Trust (TNNHT); and the
local authority

Study area

SIREH Park is a 343-acre recreational area with an urban development, developed in the city area
of Johor. It offers a wide range of fascinating activities that include fishing, recreation, cycling,
and kayaking (Omar, 2022). SIREH Park is a gathering spot for Iskandar Puteri's diverse
population. It is enjoyable and engaging for people of all ages and abilities while also encouraging
a greater understanding and appreciation of the natural world. To spur sustainable development in
Iskandar Puteri, UEM Sunrise Berhad (a UEM Group company) is creating SIREH Park at
Iskandar Puteri, a Natural Heritage Park, in Kota Iskandar. The park prioritizes scientific,
educational, and recreational concepts. SIREH, the acronym given to the plant because of its
originality, stands for Sustainable, Initiatives, Recreational and Educational Haven (Omar, 2022).
The Nusajaya Natural Heritage Trust (TNNHT), a non-profit organisation body as defined by the
(Incorporation) Act of 1952, is in charge of operating and managing SIREH Park. Due to its hilly
location and the history of past landslides, there is a possibility of future landslides occurring in
SIREH Park. That was why the Park management has taken the necessary precautionary measures
to ensure the safety of its visitors. The camping activities have been temporarily halted, and the
campsite and Bukit 2 trekking route have been closed in line with government directives because
of the recent Batang Kali tragedy that has brought to light the potential dangers in hazardous areas
(Lagi, 2022).

Sireh Park is the largest urban park in Malaysia and it serves the function of residential,
educational, and recreational purposes for many people. Moreover, based on the landslides/slope
failure inventory, a significant number of slides/failures occurred in the park. Some of those
incidents happened nearby infrastructures like roads and buildings next to the park, while some
are inside the park nearby visitors’ routes. These make the park to be vulnerable to landslides. This
serves as the rationale for selecting Sireh Park for this study. The geology of Sireh Park at Iskandar
Puteri is old sedimentary rocks dated from 200 to 250 million years ago. Geologists regard it to be
normal, while the general public sees it as everything but (Omar, 2022). In addition, The Park
contains outcrops of folded rocks that demonstrate the geological process of rock formation and
structure. Plant fossil fragments were also discovered.

Iskandar Johor, Malaysia has tropical rainforest climate characterized with high
temperature and precipitation as well as relative humidity, while wind is light due to the location
of the country in equatorial zone of doldrums. It has nearly constant temperatures with mean annual
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temperature of 25.4°c and 1°c difference between in mean monthly temperatures, maximum of
25.9°c in May and minimum of 24.9°c in January. Rainfall is also high with mean annual
precipitation of 3085.5mm, and mean monthly precipitation is constant throughout the year, with
average monthly precipitation ranges from about 200 mm in June and July to 350 mm in November
and December. The whole country has four distinct seasons: the northeast monsoon- from early
November to March, southwest monsoon- from May end or early June to September, and two
inter-monsoon seasons with shorter durations- from late March to early May and from October to
mid-November respectively (Met, 2023; World Bank, 2021).
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Figure 1. Location of the study area

Figure 1 shows the map of the study area. The map at the left top side shows the map of
states in Malaysia, the map at the right top side is for Johor where the study area is located, and
the map at the bottom shows the Sireh Park (study area).

Methodology

Methodology of this research encompasses the various steps that involved data collection, analysis,
and interpretation, as well as validation. The data were collected through field survey, landslides
record inform of inventory obtained from TNNHT, and imagery of the area from Google Earth
Pro. The methodology involved landslide runout analysis, landslide exposure analysis, landslide
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vulnerability analysis, GIS based mapping, and validation analysis as shown in figure 2 below.
The landslides inventory was overlaid with google earth image in order to locate the landslides
area. This is done by converting obtained landslides inventory shapefile into KML file, the file
was then imported to Google Earth Pro. Thereafter, an individual landslide polygon was
demarcated from Google Earth imagery through the process of digitization.

The landslides inventory was used to generate landslides hazard map in GIS environment,
which was later combined with the slope gradient map to generate the landslides run out distance
at the boundary of the Sireh Park. In producing the landslides run out map, slope failure runout
analysis is carried out along the boundary of Sireh Park, the value of slope gradient has been
integrated with the specific hazard classification in GIS software. The landslides runout distance
map was used to identify the interested elements at risks (buildings and roads) around the study
area. A mobile tool was used to collect the data about the identified elements at risk and their
associated vulnerability indicators and sub-indicators during field surveys. The tool was developed
by Universiti Teknologi Malaysia on an ESRI mobile platform. It can collect data on elements at
risk that include slope, building, road, and socio-economic. Also, Google Earth Imagery of the
study area was georeferenced and used in GIS software to digitized the elements at risk in order to
obtained their shape files.

Landslide

Landslide

Landslide

GIS based Validation

vulnerability .
analysis mapping

runout
EREISH

exposure
analysis

analysis

Figure 2. Methodological flow of the study
a. Determining the landslides run out distance

Prior to the determination of run out distance, landslides hazard was computed because it was used
in the calculation of run out distance. The levels of the hazards were combined together to produce
three levels- low with very low levels, and high with very high levels while medium level was
maintained as it was. Hence, a layer of the combined levels of hazards was produced. Slope failure
runout analysis was carried out along the boundary of Sireh Park, the value of slope gradient was
overlaid with the specific hazard classification. The equation (i) below was used to calculate the
runout distance of slope gradients with high (25-35m) and very high (>35m) hazard levels, this
category have their slope gradient-hazard classification normalized to 50 meters. For slope
gradients with average (25m) hazard levels, their slope gradient-hazard classification is normalized
into 25 meters. Finally, for slope gradients with low (5-15m) and very low (0-5m) hazard levels,
their slope gradient-hazard classification was normalized into 10 meters. The normalised values
were then used in determining the run out distance along the boundary of Sireh Park by substituting
H in equation (i) below with each of the normalised values, the run out distance was calculated.
The runout distance was then drew around the boundary of Sireh Park. The run out distance is
wide in areas with high and very high slope gradient-hazard level, moderate in areas with average
slope gradient-hazard level, and narrow in areas with low and very low slope gradient-hazard level.
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Table 1. Runout distance related to the slope gradient hazard classification

SIN_ Slope gradient hazard classification  Run out distance (L, meters)

1 Very low and low 10
2 Moderate 25
3 High and very high 50

The table 1 above shows the run out distance for normalized slope gradient-hazard
classification levels for boundary of Sireh Park. From the table, The value for low and very low
combined slope gradient-hazard levels is normalised to 10 meters, that of moderate is normalised
to 25 meters, and those for high and very high is normalised to 50 meters.

L = 1.066H0% (M
Where,
L = run out distance in meters, and H = height of slope in meters.

Runout distance (L) is the maximum distance that a landslide material travels from its
initial starting point (crown) until it comes to a stop. Height of slope (H) is the vertical distance
between its highest point and its lowest point of natural or cut off slope (Qarinur, 2015).

b. Determining the landslides exposure for elements at risk

In this study, landslide exposure mapping was utilized to prioritize the elements at risk
characterization process in areas with high landslide occurrence compared to those with low or no
inventory of landslides.

In determining the exposure of the elements at risk to landslides, run out analysis was used.
The run out is generated from the normalised values of slope gradient-hazard classification levels
provided in table 1. The levels of the hazards are combined together to produce three levels- low
with very low, and high with very high while medium was maintained. A layer of the combined
levels of hazards was produced. The value of slope gradient was overlaid with the specific hazard
classification. The equation (i) was used to calculate the runout distance of slope gradients with
high (25-35m) and very high (>35m) hazard levels, their slope gradient-hazard classification was
normalized into 50 meters. For slope gradients with average (25m) hazard levels, their slope
gradient-hazard classification was normalized into 25 meters. Finally, for slope gradients with low
(5-15m) and very low (0-5m) hazard levels, their slope gradient-hazard classification was
normalized into 10 meters. These normalised values were substituted into equation (i) above to
represent H respectively; the run out distance is calculated. The run out was drew around the
boundary of the Sireh Park and any element at risk that failed within the extent of the run out, or
was touched by the run out to some extent was identified as the exposed element at risk.

c. Identifying and assigning weightage values to vulnerability indicators and sub-indicators

A literature review can help identify vulnerability indicators by revealing how they were calculated
and applied in earlier landslides vulnerability analyses. The evaluation is based on the
requirements for vulnerability assessment, the characteristics of the geographical area, coverage
of the socioeconomic condition, and the targeted decision-making stakeholders (Krishna et al.,
2021). Based on the field survey, buildings and roads are the most common physical infrastructures
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in the Sireh Park and are spatially distributed everywhere in the study area. The selected indicators
to assess vulnerability of buildings and roads exposed to landslides in this study were obtained
based on the literature review and from the standard guidelines approved by the Malaysia Housing
and Local Government Ministry (KPKT) which also relied on comprehensive literature review,
records of landslide occurrences in Malaysia, and intensive peer review (Mastura Azmi, 2020).
The attributes for buildings in this study include structure construction materials, building
foundation depth, number of floor, presence of protection, distance between buildings, building
location, accumulation heights, landslide volume, number of people per building, building
renovation, maintenance of building, reporting on building damage due to slope failure, element
of ownership, and affordability of maintenance. (Bera et al., 2020; Mastura Azmi, 2020; Singh et
al., 2019; Subasinghe & Kawasaki, 2021). While those for roads include road category, location
of road, road material, road maintenance, presence of protection, presence of warning system, road
drainage system, landslide thickness, accumulation height, landslide volume, traffic volume,
reporting on road damage due to slope failure, and road used by heavy vehicles (Mastura Azmi,
2020; Wohlers & Damm, 2022). Landslide accumulation height, also known as landslide depth, is
the vertical measurement that spans from the highest point of the material deposited at the base of
a landslide to the lowest point on the terrain surface where the landslide originated. This
measurement is a critical indicator of a landslide's volume and scale. Slope height pertains to the
vertical distance measured from the base of a slope to its highest point.

After generating the indicators for landslides vulnerability, experts were then consulted to assign
weightage values to these indicators based on their respective significance in influencing
landslides vulnerability. The process ensures that indicators are properly weighted, and accurately
reflected their relative importance.

d. Determining vulnerability index for each element at risk

The assigned weightage values for the indicators and sub-indicators, as well as digitized shape
files, were then input into Microsoft Excel spreadsheets. Using an indicator-based method, the
relative vulnerability index for each element at risk was calculated within the same spreadsheet.
The indicator-based method involved multiplying the weightage value of each sub-indicator by
the weightage value of its respective indicator, and then summing the values for all indicators
within a given cluster. The clusters were then summed up to obtain the vulnerability index. Upon
completion of the calculation process, the spreadsheet was imported into Geographic Information
Systems (GIS), where a geospatial database was created. This database enabled the analysis and
visualization of the vulnerability index in a geographic context, allowing for a more
comprehensive understanding of the relative vulnerability of the elements at risk to landslides.

The relative vulnerability index for each element at risk or critical infrastructure (ClI) is
calculated using the equation below.

V =3"-1 Wi x Si (ii)

Where, V = total landslide vulnerability, Wi = weight of indicators, and Si = weight of sub
indicators (Bera et al., 2020; Mastura Azmi, 2020; Wohlers & Damm, 2022).
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Results and discussion
a. Landslides exposure

In figure 3 below, the yellow boundary encircling Sireh Park visually represents the extent of the
landslides' runout distance, containing both linear road features and polygonal building structures
located within, touching, or situated between this delineated area and the Sireh Park. They are the
exposed elements at risk of physical infrastructures in the study area. The executed run out distance
shows about 252 elements at risk exposed to landslides in Sireh Park, if landslides are to happen.
Out of this number, 226 are buildings, which represent 89.7% while 26 are roads, which represents
10.3%. In addition, out of those buildings, 188 that represents 83.2% have 2-5 levels including the
Chinese School while the remaining 38 that represents 16.8% have single floor. Meanwhile, out
of the 26 roads, 23 that represents 88.5% are urban local streets while the remaining 3 that
represents 11.5% are urban arterial roads.

Also, majority of those exposed elements at risks are located in the southern part of Sireh
Park with about 138 houses out of 226, and 15 roads out of 26. Altogether, 173 out of 252. This
accounted for 68.7% of the total number of the exposed elements at risk in the study area. This
indicates that elements at risk in southern part of Sireh Park are more potential to landslides than
those in the northern part.
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Figure 3. Map showing run-out distance and exposed elements at risk in Sireh Park
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a. Vulnerability assessment for buildings

The relative vulnerability index for each element at risk or critical infrastructure (CI) is calculated
using the equation below.

V =YM=; Wi x Si

Where, V = total landslide vulnerability, Wi = weight of indicators, and Si = weight of sub
indicators.

From the figure 4 below, buildings are classified into five (5) classes of vulnerability using
natural breaks classification method in GIS software. The classification is from very low- showing
those buildings with lowest vulnerability to very high- showing those buildings with highest
vulnerability to landslides. Buildings represented with red colour have highest vulnerability with
value ranging from 0.0773 to 0.0986, while those with dark blue colour have the least vulnerability
values, ranging from 0.0324 to 0.0339. From the map, 137 buildings have low landslides
vulnerability, which is about 60.6%; 26 buildings have high landslides vulnerability, vulnerability,
which is 11.5%; 25 buildings have very low landslides vulnerability; 20 have very high landslides
vulnerability which is 11.1%; and 18 have medium vulnerability which is 8.0%.

The reason for very high vulnerability for those buildings may be due to no protection at
the slope around them, they are located at the toe of the slope, landslide accumulation height
around them is greater than 2 meters, landslide volume around them is greater than 250000m?, and
they have average population density. Some of these reasons are in line with the findings of the
studies conducted by Francone (2022) and Singh et al. (2019).
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Figure 4. Map of landslide vulnerability of buildings
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According to the data presented in figure 5 below, a significant majority of the structures
situated within Sireh Park exhibit minimal vulnerability to the hazards posed by landslides. Several
factors account for the relatively low level of vulnerability among these buildings, including the
presence of deep foundation piles, medium-rise floor plans, engineered slope protection systems,
and a lack of landslides with accumulation heights exceeding 1.5 meters in close proximity to the
structures. Additionally, the buildings' renovation status and moderate population densities
contribute to their resilience. Notably, landslide volumes exceeding 500m® and accumulation
heights greater than 0.2m are observed in the surrounding areas of these structures, further
underscoring the importance of implementing effective protective measures.

Landslides Vulnerability of Buildings

W Very High

High

Medium
Low

mVery Low

Figure 5. Graphical representation of buildings vulnerability to landslides in Sireh Park

Table 2. Classification of buildings into levels of vulnerability to landslides

Element at risk Levels of
vulnerability

Description

Vulnerability
values

Very low

Low

Buildings

Medium

Accumulation height/landslide depth is less than 1.5m deep
foundation pile, there is engineered protection, buildings are
located within slope height, landslide accumulation height
is greater than 0.2 meters, landslide volume is greater than
500m3, population density of the buildings are average, and
majority of the houses are renovated.

Accumulation height/landslide depth is less than 1.5 meters
and deep foundation pile, buildings have medium rise floor,
there is engineered protection at the slope around the
buildings, buildings are located within the height of the
slope, landslide accumulation height is greater than 0.2m,
landslide volume is greater than 500m3, population density
is average, and majority of the buildings are renovated.
Accumulation height/landslide depth is 1.5-5m versus deep
foundation pile, buildings have medium rise floor, there is
no protection at the slope around the buildings, buildings
are located within the height of the slope, landslide

0.0324-0.0338

0.0339-0.0404

0.0404-0.0571
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accumulation height is 0.5-2m, landslide volume is 500-
1000m3, there is high population density, and majority of
the buildings are renovated.
High Accumulation height/landslide depth is 1.5-5m deep  0.0571-0.0773

foundation pile, buildings have medium rise floor, there is
no protection, buildings are located within the height of the
slope, landslide accumulation height is 0.5-2m, landslide
volume is greater than 250000m3, buildings have high
population density, and majority of the buildings are
renovated.

Very high Accumulation height/landslide depth is 1.5-5m deep  0.0773-0.0986
foundation pile, there is no protection at the slope around
the buildings, buildings are located at the toe of the slope,
landslide accumulation height is greater than 2 meters,
landslide volume is greater than 250000m3, buildings have
average population density.

Table 2 states the reasons for various classification of the buildings into vulnerability levels
from very low to very high. Following the vulnerability values of the exposed buildings in Sireh
Park, if landslide is to happen, the damage to the buildings will be slight with no structural
damages, this is because majority of the buildings (137) that account for about 60.6% have
vulnerability within damage level 2 (lightly damage) with vulnerability values between 0.0339-
0.0404. In addition, 25 buildings that account for about 11% have vulnerability within damage
level 1 (negligible damage) with vulnerability values between 0.0324-0.0338. This is in line with
the claimed made by the JMG Johor, that the rocks of Sireh Park are considered normal by
geologist (JMG, 2017). However, there is significant number of buildings with high and very high
vulnerability values. 26 buildings that account for about 11.5% with vulnerability values between
0.0571-0.0773 have high vulnerability and fall within damage level 4 (severely damage). This
leads to collapse of masonry, partial collapse of floors, severe cracking or collapse of sections of
structure. 20 buildings that account for about 8.8% with vulnerability values between 0.0773-
0.0986 have very high vulnerability and fall within damage level 5 (very severe damage). This
leads to partial or total collapse of the building (Zakaria et al., 2018). Meanwhile, 18 buildings that
account for about 8% have medium level of vulnerability.

b. Vulnerability assessment for roads

Roads are also among the physical infrastructures that are exposed to landslide in Sireh Park.
About 26 roads are identified to be exposed based on the run out analysis and their vulnerability
to landslides is calculated as well using indicator based approach.

The classification of roads based on their vulnerability to landslides in Sireh Park is shown
in figure 6. From the figure, approximately 31 sections of roads are vulnerable to landslides in
Sireh Park. Of these sections, 13 have a high level of vulnerability (0.0301-0.0341) and account
for 41.9% of the vulnerable sections. Additionally, nine sections have a medium level of
vulnerability (0.0281-0.0301) and account for 29% of the vulnerable sections. There are also four
sections with a very high level of vulnerability (0.0341-0.0419) that account for 12.9% of the
vulnerable sections, while three sections have a low level of vulnerability (0.0265-0.0281),
accounting for 9.7% of the vulnerable sections. Finally, two sections have a very low level of
vulnerability (0.0255-0.0265), accounting for approximately 6.5% of the vulnerable sections in the
study area. Most of the roads with high and medium vulnerability are located in the southern part
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of Sireh Park. This suggests that the majority of roads in the southern part of Sireh Park are more
vulnerable to landslides compared to those in the northern part.
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Figure 6. Levels of landslides vulnerablllty for roads in Sireh Park
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In figure 7 below, majority of the roads in Sireh Park are having high vulnerability to
landslides. The reasons for this high vulnerability is attributed to the roads having the following
indicators: the road is located within the height of the slope, the road has no protection, landslide
accumulation height is less than 0.2 meters, landslide thickness is less than 1.5 meters, and

landslide volume is less than 500m?®

Roads Vulnerability to Landslides In Sireh Park
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Figure 7. Pie chart showing levels of roads vulnerability to landslides in Sireh Park
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Table 3. Reasons for the classification of roads into various classes of landslides vulnerability in Sireh Park

Element at risk Levels of Description Vulnerability
vulnerability values
Very low The road is located at a distance more than the slope height,  0.0255-0.0265
no protection at the slope around the road, accumulation
height is less than0.2 meters, landslide thickness is less than
1.5 meters, and landslide volume is less than 500m?
Low Road is located at a distance within the slope height, there  0.0265-0.0281
is presence of engineered protection at the slope around the
road, landslide accumulation height is less than 0.2 meters,
landslide volume is less than 500m?, and landslide thickness
is less than 1.5 meters.
Medium The road is located at a distance more than the slope height,  0.0281-0.0301
Roads the road has no protection, landslide thickness is less than
1.5 meters, landslide accumulation height is less than 0.2
meters, and landslide volume is less than 500m?
High The road is located within the height of the slope, the road  0.0301-0.0341
has no protection, landslide accumulation height is less than
0.2 meters, landslide thickness is less than 1.5 meters, and
landslide volume is less than 500m?®
Very high  The road is located within the height of the slope, no  0.0341-0.0419
protection system for the road, the estimated accumulation
height of landslide is 2.0m, landslide thickness is 5-20m,
and the landslide volume is 10000-50000m?®

Table 3 provides the reasons for the classification of the roads into various classes of
vulnerability. From the values of vulnerability provided in the table, if landslide is to happen in
Sireh Park, affected roads sections are expected to have structural damage that can affect the
stability and functionality of the road. This is because majority of the roads sections (13) that
account for about 41.9% have high vulnerability values (0.0301-0.0341) that belong to the damage
level 4 (Severely damage). Four roads sections that account for about 12.9% have very high
vulnerability values (0.0341-0.0419) that belong to the damage level 5 (very severe damage). This
may leads to partial or total collapse of the road. Two roads sections have very low vulnerability
values (0.0265) that account for about 2.5%. They belong to the damage level 1 (negligible
damage) which have no significant damage to the roads sections if landslides occur. Three roads
sections that account for about 9.7% have low vulnerability with damage level 2 (slightly damage)
which may have no structural damage to the roads i.e the roads sections may have minor repairable
damage when landslides occur (Zakaria et al., 2018). Meanwhile, nine roads that account for about
29% have medium level of road vulnerability.

Validation of the results

The process of validation plays a crucial role in evaluating the precision and dependability of
vulnerability assessments. To confirm the accuracy of vulnerability mapping, it is essential to
visually inspect and verify the results by examining photographs captured during field surveys.
These photographs document the actual conditions on the ground, specifically focusing on physical
infrastructures such as buildings and roads as well as the surrounding environment within the
research area. Photographs are used to validate the findings of this study, this is because they serve
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as tangible proof and offer a visual depiction of the conditions witnessed during the field surveys

as shown in table 4.

Table 4. Validation analysis

Buildings and road located
within the height of the
slope.

1.467175°, 103.636083°

A slope failure outsides the
border of Sireh Park but
close to residential area
1.466111°, 103.635556°

Slope with rubber sheeting
above the height of
buildings

1.466111°, 103.635556°

Building located within the
height of the slope
1.470233°, 103.635239°
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Road located at the foot of
the slope
1.475969°, 103.631797°

Conclusion

A geospatial approach was employed to conduct a landslides vulnerability assessment of physical
infrastructures in Sireh Park, Johor Bahru. The study identified 252 elements at risk are exposed
to landslides in Sireh Park, out of which 226 (89.7%) are buildings, while 26 (10.3%) are roads.
The general level of buildings' vulnerability to landslides in the study area is relatively low,
however about 20.4% of the buildings display a high degree of vulnerability. Meanwhile, the
general vulnerability of roads sections to landslides is averagely high, with about 54.8% of the
roads sections exhibiting a high degree of vulnerability while 16.1% exhibits low degree of
vulnerability. In addition, the relative vulnerability index for each building and road element at
risk was calculated separately and by clusters of indicators.

The findings of the research can help inform development planning, including the
identification of areas with a high vulnerability to landslides, which can guide decision-making on
land use, and infrastructure design. Furthermore, the research can contribute to the development
of mitigation strategies aimed at reducing the impact of landslides. For instance, buildings and
roads located in areas with a high degree of vulnerability can be strengthened, modified, or
relocated to minimize the risk of damage or loss of life. Additionally, infrastructure can be
designed to incorporate features that improve resilience to landslides, such as slope stabilization
measures, and sufficient drainage systems. The research findings on specific types of damages that
buildings and roads are likely to sustain in the event of a landslide, as well as their locations, can
guide the allocation of resources such as emergency response equipment and personnel to the areas
most likely to be affected. This enables a faster and more effective response to minimize the impact
of landslides.
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