Progress in Disaster Science 20 (2023) 100296

Contents lists available at ScienceDirect

Progress in Disaster Science

journal homepage: www.elsevier.com/locate/pdisas

Check for

Spatial multidimensional vulnerability assessment index in urban area- A
case study Selangor, Malaysia

Muhammad Wafiy Adli Ramlia, Nor Eliza Aliasab'*, Halimah Mohd Yusofc, Zulkifli Yusopb,
Shazwin Mat Taiba, Yusrin Faiz Abdul Wahabd, Sitti Asmah Hassane

aDepartment of Water and Environmental Engineering, Faculty of Civil Engineering, Universiti Teknologi Malaysia, Johor Bahru 81310, Malaysia

b Centrefor Environmental Sustainability and Water Security (IPASA), Research Institutefor Sustainable Environment, Universiti Teknologi Malaysia, Johor Bahru

81310, Malaysia

cFaculty of Management, School of Human Resource Development and Psychology, Universiti Teknologi Malaysia, Johor Bahru 81310, Malaysia

dMalaysia Japan International Institute of Technology, Universiti Teknologi Malaysia, Kuala Lumpur, Malaysia

e Department of Geotechnics and Transportation, Faculty of Civil Engineering, Universiti Teknologi Malaysia, Johor Bahru 81310, Malaysia

ARTICLE INFO
Keywords:

Vulnerability

Disaster

Sendai framework
Disaster risk reduction
And industrial urban districts

1. Introduction

ABSTRACT

Rapid urbanization has increased the risks to and vulnerabilities of urban systems, society, and organizations. In
recent years, urban areas have been exposed to multiple hazards such as floods, landslides, storms, and rising sea
levels. To reduce exposed elements’ risk of and vulnerability to natural hazards, the first requirement is a better
understanding of the vulnerable elements as stated in Sendai Framework. Different concepts and approaches can
be employed in vulnerability assessment, depending on the scope and context of the study. In this study, the
vulnerability concept was based on six dimensions (social, economic, physical, institutional, environmental, and
cultural) adapted from the Method for the Improvement of Vulnerability (MOVE) framework. This approach was
applied to three industrial urban districts in Selangor, Malaysia: Sepang, Kuala Langat, and Hulu Langat. These
are located in the Langat River catchment and consist of 17 mukim (subdistricts). A spatial vulnerability
assessment was conducted to determine the areas of very high vulnerability in this study area. A map was
subsequently produced that shows the areas classified into five vulnerability categories (very low, low, medium,
high, and very high vulnerability). The findings from all the areas studied identified 5.7% in the very high class,
8.9% in the high class, 33.3% in the medium class, 21.6% in the low class, and 30.5% in the very low class. The
multidimensional vulnerability assessment used scientific proof to provide information for better understanding
to the government, disaster agencies, and local governments so that policy making, and local disaster risk
reduction (DRR) strategies can improve.

extreme events. The vulnerability to various climate-related disasters
has increased in recent years, in part due to climate change [4]. Ac-

In 2020, 389 disasters were recorded worldwide, affecting 98.4
million people [1]. In 2020 alone, the economic damage caused by di-
sasters was estimated at around USD 171.3 billion [1]. Apart from
COVID-19, 2020 was dominated by climate-related disasters, which
caused more deaths than other types of disaster [2]. The increasing
number of extreme events and the impact of climate change are
constantly exacerbating the current dangers and increasing the vulner-
ability of people and societies [3].

Malaysia was also unable to avoid the impacts of climate and

cording to the 2020 World Risk Report, Malaysia was categorized as a
high-risk country, with high levels of exposure to disaster and climate
change [5]. The disaster events that occurred in Malaysia in 2021
demonstrate the need for disaster risk assessments to gain a better un-
derstanding at the local level. The impact of climate change has caused
several extreme events that have increased the exposure of commu-
nities, many organizations, and the social system. Based on the 2021
disaster events, the impact of disasters increases when an area never
previously exposed to disaster is affected by such an event. The impact of
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disasters has increased over the years, causing more areas to become
vulnerable. Rapid urbanization and the increased impact of climate
change have exposed vulnerable groups, health systems, and institutions
to the potential threat of future hazards [6,7]. The growing effects of
disasters in urban settlements necessities considerable attention and
preparations to reduce vulnerability and disaster risk [8]. Therefore,
assessing the vulnerability of people and societies is key to reducing
vulnerability to disaster and building disaster-resilient communities.

2. Vulnerability assessment

Vulnerability is defined as the circumstances influenced by physical,
social, economic, and environmental features, aswell as the process that
enhances individual, societal, institutional, and systematic sensitivity to
the impacts of hazards [9]. Vulnerability assessment is a significant and
essential component of disaster risk assessment and sustainable science
[10]. Measuring vulnerability is a practical step to reducing disaster risk
and building resilience in societies [11]. Vulnerability research is always
debated as it is based on various natural and social science disciplines
and theories. Several frameworks have been developed to measure
vulnerability to disasters and climate change.

Previous research has assessed various aspects of vulnerability, such
as social [12-14], physical [15,16], socio-economic [17,18], and insti-
tutional vulnerability [19]. The Intergovernmental Panel for Climate
Change (IPCC) produced a vulnerability framework based on three
components: exposure, sensitivity, and resilience [20]. Many studies
have adopted this framework because the concepts of exposure, sensi-
tivity, and resilience are regarded as essential aspects of vulnerability
research [21]. Although the IPCC concept of vulnerability has been
increasingly used in recent years, the application of specific vulnera-
bility indicators or variables still differs depending on the emphasis and
scope of each study [22]. Current vulnerability assessment research
continues to be divided between social researchers who regard vulner-
ability as a collection of socio-economic elements and researchers who
see vulnerability as the degree of loss of an element at risk [23].
Multidimensional vulnerability assessment (MDVA) was been proposed
to bridge this gap and offer a holistic form of vulnerability assessment
[24].

MDVA is an integrated approach that would be highly beneficial,
suitable, and helpful in the disaster risk-reduction field [25]. Hyogo
Framework Action (2005-2015) stated that vulnerability assessment
was identified as a multidimensional framework [26]. Research by
Birkmann [11] broadened the concept of vulnerability from intrinsic
vulnerability into five dimensions (social, physical, economic, environ-
mental, and institutional). Rana and Routray [25] proposed a multidi-
mensional flood vulnerability assessment using another five dimensions:
social, economic, physical, institutional, and attitudinal. In contrast,
Khalid et al. [27] quantified the multidimensional vulnerability assess-
ment using an index with six dimensions of vulnerability: social, eco-
nomic, physical, institutional, attitudinal, and gender. The proposed
concept included gender as an additional dimension to increase the
holistic aspect of vulnerability assessment.

In this study, the multidimensional vulnerability assessment was
adapted and expanded from the theoretical framework of the Method for
the Improvement of Vulnerability (MOVE). The proposed concept de-
fines vulnerability assessment using six dimensions: social, economic,
physical, institutional, environmental, and cultural. The purpose of the
proposed framework was to improve disaster risk-reduction policy and it
could be applied to multiple types of hazards [28]. The MOVE frame-
work facilitates communication between communities, especially
Disaster Risk Management (DRM) and climate change adaptation com-
munities, and the framework is sufficiently simple to be used by people
from various disciplines [29].

Several attempts have been made to conduct vulnerability assess-
ments for various disasters, scales, approaches, and scopes in Malaysia.
Zahid et al. [30] divided vulnerability assessment into three dimensions
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- population, social, and biophysical vulnerability - using the data
envelopment analysis (DEA) method. However, this study focused only
on the vulnerability assessment method and lacks detail regarding
vulnerability indicators and concepts, while the relevance of the
selected vulnerability indicators could be questioned. Several re-
searchers have focused on specific aspects or scopes, such as physical
vulnerability building assessment [16], social vulnerability [31], and
school building vulnerability assessment [32], while a Department of
Irrigation and Drainage study focused on flood damage assessment [33].
Research is lacking on multidimensional vulnerability assessment,
which should focus mainly on developing a holistic approach to assess
urban populations using a composite index. Vulnerability assessment
based on a composite index measures data quantitatively [13] and
simplifies complex data [11]. The primary goal of this study was to
develop a spatial multidimensional vulnerability assessment for urban
areas based on six dimensions and using a composite index approach.

3. Material and method

This study was based on a multidimensional vulnerability assessment
expanded from the MOVE framework proposed by Ramli et al. [34].
Fig. 1 shows the vulnerability conceptual framework for this study with
weighted Multidimensional vulnerability was
measured quantitatively through various subdimensions and indicators
of six dimensions: social, economic, physical, institutional, environ-
mental, and cultural.

coefficient values.

3.1. Study area

The study area covered three Selangor districts: Ulu Langat, Kuala
Langat, and Sepang. Selangor describe as a ‘Golden State’ of Malaysia in
term of economic because it contributes to almost quarter of growth
domestic product (GDP) in Malaysia. These three districts are also
described as competitive and ready industrial areas. The Selangor states
invest in the industrial sector, making it the largest industrial area in
Malaysia. Several development projects have been carried out in this
area, including the Cyberjaya Multimedia Super Corridor and Kuala
Lumpur International Airport, which, along with additional industrial
and settlement areas, have further accelerated the urbanization process.
The three districts are located mainly in the Langat River catchment.
Each district has its own mukim (subdistricts). All three districts are
severely affected when disaster events occur in Malaysia, especially in
Selangor. As shown in Fig. 2, the study area consists of 17 mukim. Both
Hulu Langat and Kuala Langat have seven mukim. Those in Hulu Langat
are Ampang, Kajang, Hulu Langat, Cheras, Beranang, Hulu Semenyih
and Semenyih. Kuala Langat consists of the mukim of Bandar, Batu,
Jugra, Kelanang, Morib, Tanjung Dua Belas, and Telok Panglima
Garang. Meanwhile, Sepang consists of three mukim: Dengkil, Labu, and
Sepang.

Historically, this study area has been affected by several types of
disasters, including floods, landslides, storms, and forest fires. From
2014 to 2019, there were 176 flood events across Hulu Langat (98
events), Sepang (51), and Kuala Langat (27) [35]. In 2011, a major
landslide in Hulu Langat Mukim caused 16 deaths [4,35]. Besides,
several areas are susceptible to landslides, such as Ampang, Cheras,
Kajang, Dengkil, Labu, and Sepang [36-38]. Flood events occur in 2021
increased the exposure of the area to disaster.

3.2. Data sampling and collection

In this study, two sets of data were used, primary and secondary. The
primary data for this study were collected from a sampling household
survey and institutional interviews held in the study area. Conducted in
all three districts, the household survey involved a total of 612 house-
holds across Hulu Langat (311), Kuala Langat (188), and Sepang (113).
Various methods can be used to determine the adequate number of
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Fig. 1. Multidimensional vulnerability framework [34].
Fig. 2. Study area.
samplings for a study. According to Creswell [39], when the population value of 0.04. Therefore, the sample size was large enough, based on the
is over 250,000, the suggested number of samples is at least 384. 2010 census data from the Department of Statistics Malaysia (DOSM).
However, using the Cochran [40]sampling calculation and these 612 The number of households in the study area was estimated as 387,311.
samples, this study maintained a confidence level of 95% and a precision Several sources from the local authorities and district offices then
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needed to be interviewed to obtain data with which to evaluate and
determine the indicators related to local authorities (Table 1). The local
authorities involved were Sepang Municipal Council, Kajang Municipal
Council, Kuala Langat Municipal Council, Ampang Jaya Municipal
Council, Sepang District Office, Kuala Langat District Office, and Hulu
Langat District Office. Another dataset came from the secondary data
collected from government agencies such as the Department of Envi-
ronmental (DOE), the Ministry of Energy and Natural Resources
(KeTSA), the DID, and the DOSM. Table 1 lists the data and sources used
in this study. Data were collected based on the district, mukim, house-
hold, or lot spatial scale.

3.3. Data analysis and method

3.3.1. Mathematical computation for multidimensional vulnerability index

This study used the index-based approach to multidimensional
vulnerability assessment. This approach provided simplified results for
comparing vulnerability levels across the study area [9]. The multidi-
mensional concept of this study consists of six dimensions: social, eco-
nomic, physical, institutional, environmental, and cultural. Each
dimension consists of several subdimensions, based on the combination
of several indicators. Two approaches can be used to assign weighted
coefficients, the equal or unequal method. In this study, each indicator,
subdimension, and dimension had its weight (Fig. 1). Unequal weighted
approaches are intended to indicate the different levels of importance of
each indicator, subdimension, and dimension.

The weights assigned in this study were based on a previous study by
Ramli et al. [34] using statistical approaches. The weights assigned for
the indicators and subdimensions were based on the subdimension
scores calculated from a previous study.

Using the index approach, the first step is to normalize the data in the
range of 0 to 1. Egs. 1 and 2 show the mathematical equations for data
normalization using the minimum-maximum normalization method. In
Eg. 1, a higher indicator value means greater vulnerability.

X —mm

| =- (1)
max

Table 1
Data scale and sources.

Data type Data scale Source of Data

Mukim Scale
(Population Grid)

Population Data (Female, Children,
Older, Household size, Age),
Poverty,

Poverty, Access to (television,
mobile phone, internet, water,

DOSM, KeTSA

Mukim and DOSM
District Scale

electrical)
Land use Locality Scale PLAN Malaysia
(Lot)
Heat spot and river quality and Locality scale DOE

rainfall intensity

Building Condition, Solid waste
area, forest area

Health services (doctors, nurses, and
beds)

Evacuation shelters capacity

Satellite data +
Land use data

Google map and PLAN
Malaysia

District scale State Health Office
Mukim scale Selangor Disaster
Management unit
(SDMU)

Household community

Attitudinal and perception data, Mukim and

range income, economic activity, district scale
emergency planning, emergency
drill training, water resources

quality

survey

Financial reserve for local authority, District and Local authority
services, emergency funds,

economic incentive for DRR,

municipal scale surveys
evacuation planning, provide

emergency training to community

leader, training and education

program and emergency supplies
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Where | is the normalized value of indicator i; x is the observed value
for an indicator I; minx and maxx are the minimum and maximum values
observed for indicator x. Conversely, in Eg. 2, a lower indicator value
reflects greater vulnerability. The maximum and minimum values were
based on a data range for Malaysia and a previous study. For example,
the population data were determined based on the lowest and highest
mukim populations in Malaysia. Table 2 shows each indicator of the
maximum and minimum value ranges. Therefore, all the indicators were
normalized using either Eq. 1 or 2, based on the minimum and maximum
values provided. Eqg. 3 represents the mathematical formula for identi-
fying the value of each subdimension in a dimension.

SDi = Wi X li (3)

2
Where SD is the value calculated for subdimension i; WIt is the
weight of the indicator assigned for indicator i; and nis the number of
indicators in subdimension i. The subdimension index for each dimen-
sion, SDtwas calculated as the sum of the indicators. The mathematical

formula for the dimension index is shown in Eq. 4.
Di = Wpi X SDi (4)

Where D is the vulnerability dimension for the calculated value i; WFt
is the subdimension weight assigned to subdimension i. The vulnera-
bility dimension index for each dimension, Diwas calculated as the sum
of the subdimensions. The mathematical equation for the overall
multidimensional vulnerability index is shown in Eg. 5.

MDVI=0.2xSVI+0.2XEVI+0.2 xPVI+ 0.2xInVI+0.1XxEnVI+0.1xCVI
(5)

WhereMDVI is a multidimensional vulnerability index, SVI is the
social vulnerability index, EVlis the economic vulnerability index, PVlis
the physical vulnerability index, InVI is the institutional vulnerability
index, EnVI is the environmental vulnerability index, and CVI is the
cultural vulnerability index.

3.3.2. Geospatial data analysis

The analysis in this study used spatial data, so the process of
obtaining the results used the geospatial data analysis approach. ArcGIS
10.8 software was used for data processing and to produce the resulting
maps. Several ArcGIS tools were used, including the data editor, data
conversion, raster calculator, and data classification tools. The data
editor tools were used to input the indicator values in the vector data.
The data conversion tools were used to convert the vector data into
raster data for the index calculations. The raster calculator tools were
then used to normalize the data and calculate the vulnerability index.
Lastly, the data classification tools were used to group the data into five
classes using the natural breaks method. The data were categorized into
five classes: very low, low, medium, high, and very high vulnerability.
Therefore, each area in this study was classified into one of these five
groups to compare the levels of vulnerability.

4. Result and discussion

The index produced for each dimension was calculated and deter-
mined using the methodology outlined in Section 3. The results were
presented in map and radar chart form to compare the districts and
mukim. The results for each dimension are discussed separately, fol-
lowed by an overall explanation of multidimensional vulnerability. The
levels of vulnerability were categorized into five classes (very low, low,
medium, high, and very high).
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Table 2
Indicator with the maximum and minimum values.
Dimension Subdimension Indicator Min Max Description
Social Vulnerable group Children Population 1 78,276 Total children <15 years old
Older Population 8 322,026  Total older >60 years old
Women Population 4 155,034  Total female
Active Aging Youth index 53.95 4000 Age (15 to 29 years old) per 100 Age (60 and over)
Aging Index 2.25 370.73 Age (60 and over) per 100 age (15 to 29 years old)
Population size Household Size 2.7 6.8 Average household size
Total Population 22 553,270  Total Population in the area
Personal Insurance 0 100 Percentage people without insurance
Local authority preparation (1) minor, (2) incomplete, (3) moderate,
Local authority emergency fund 1 5 (4) Substantial, (5) Comprehensive
(1) minor, (2) incomplete, (3) moderate, (4) Substantial, (5)
Financial services provided for DRR 1 5 Comprehensive
Economic (1) minor, (2) incomplete, (3) moderate, (4) Substantial, (5)
resilience The economic incentive for DRR 1 5 Comprehensive
(1) RMO — RM 500 (2) RM 500 — RM1000, (3) RM1000-RM1500, (4)
Household saving 1 5 RM1500-RM2000, (5) > RM 2000
Range income 0 12,800 Range income class (B40, M40, T20)
(1) minor, (2) incomplete, (3) moderate, (4) Substantial, (5)
Economic saving Financial Reserve 1 5 Comprehensive
(1) Unemployed, (2) Daily income (3) Agriculture, (4) Private Sector
Economic activity 1 5 (5) Government
Economic Poverty 0.2 56.6 % People in poverty
Economic condition Number of earning member in the household 1 4 1Mo,@21,3)2 M >2
(1) minor, (2) incomplete, (3) moderate, (4) Substantial, (5)
Early warning infrastructure 1 5 Comprehensive
(1) minor, (2) incomplete, (3) moderate, (4) Substantial, (5)
Emergency Planning 1 5 Comprehensive
(1) minor, (2) incomplete, (3) moderate, (4) Substantial, (5)
Evacuation Planning 1 5 Comprehensive
Emergency drill training 1 4 1.No training, 2. 1 per year, 3. 2 per year, 4. 3 and more per year
Institutional Provide emergency planning to community (1) minor, (2) incomplete, (3) moderate, (4) Substantial, (5)
Planning leader 1 5 Comprehensive
(1) minor, (2) incomplete, (3) moderate, (4) Substantial, (5)
Training and Education programs 1 5 Comprehensive
(1) minor, (2) incomplete, (3) moderate, (4) Substantial, (5)
Early Warning Dissemination 1 5 Comprehensive
(1) minor, (2) incomplete, (3) moderate, (4) Substantial, (5)
Emergency supplies 1 5 Comprehensive
Emergency shelters capacity 0 386 Per 1000 population
Institutional Regularly communication by local (1) minor, (2) incomplete, (3) moderate, (4) Substantial, (5)
Institutional ~ Capacity government with community 1 5 Comprehensive
Dimension Subdimension Indicator Min Max Description
Number of doctors 0.11 3.9 Doctor per 500 populations
Number of nurses 0.24 3.36 Nurses per 500 populations
Institutional Health services Number of hospital beds 0.22 10 Number of beds per 1000 populations
Television 27 9.8 % Access to television
Internet 32.8 95.1 % Access to internet
Telecommunication Mobile telephone 89 100 % Access to mobile phone
Electricity 90.5 100 % Access to electricity
Distance to Medical facilities 0 3000 Kilometre (km)
Services Water services 33.6 100 % Access to water services
Average age of the house 1 40 Number of years
Building type 0 1 no building, detached, semidetached, and combine building
0 No building, 0.33 brick and cement, 0.67 semi cement combine
Physical Building Condition Building materials 0 1 woods, and 1. woods
0. Forest area & vacant land
0.2. Agriculture
0.7 Industries/infrastructure
0.8 Commercial area
Land use 0 1 1.0 Residential
Land use change 0 100 % of change
Rainfall intensity 1563  4620.8  Intensity (mm)
Climate and Heat spot 27 40 Degree Celsius
urbanization Water pollution 1 5 Class 1 until Class 5
(1) Mangrove forest, (2) Dense forest, (3) Moderate forest, (4)
Forest area 1 5 Sparse forest, (5)No forest
Water resource performance (quality) 1 5 (1). Very unsatisfactory, (.2) unsatisfactory, (3) Moderate (4)
satisfactory, (5) Very satisfactory
Environmental Solid waste area 0 2250 (1) 0-250 m, (2) 250 m - 750 m, (3) 750 m - 1250 m, (4) 1250 m -
Environmental condition 1750 m, (5) 1550 m — 2250 m
Cultutal Attitude Respond Towards Early Warning System 1 3 (1) ready to move, (2) wait and see, (3) Not moving

(continued on next page)
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Table 2 (continued)

Dimension Subdimension Indicator

Know Location of shelters

Know Evacuation routes

Knowing the institutions in charge of the
emergency management

Community cooperation when facing
disaster

Level of thrust in DRR programs and policies

Perception
Households not willing to go to a shelter

4.1. Social vulnerability

Social vulnerability consists of three subdimensions: vulnerable
groups, the active aging index, and the population size. These three
subdimensions have their own indicators. The vulnerable group consists
of three indicators: the female population, the child population, and the
older population. The active aging index consists of two indicators: the
youth and the aging index, while the population size has two indicators:
the household size and total population. The three subdimensions were
used to analyze the levels of vulnerability in the study area. Fig. 3 shows
the level of social vulnerability across the three districts, based on the 17
mukim in the study area. Overall, the maximum index value is 0.497,
while the minimum index value is 0.175.

In terms of vulnerable groups, the index ranges from the lowest value
of 0.005 to the highest value of 0.450. Three mukim (Ampang, Cheras,
and Kajang) were classified as very high vulnerability for the vulnerable
group subdimension, with a range of 0.351 to 0.450, while very low
vulnerability applied to two mukim, Batu and Kelanang in Kuala Langat
district. For the second subdimension of social vulnerability, active
aging, the index values range from 0.376 to 0.549. Very high vulnera-
bility applied to the active aging subdimension in four mukim in Kuala
Langat district (Bandar, Batu, Kelanang, and Morib) and one in Sepang

Progress in Disaster Science 20 (2023) 100296

Max Description

Survey: (0) No, (1) Yes

0 1 Survey: (0) No, (1) Yes

0 1 Survey: (0) No, (1) Yes

1 5 (1) Very unsatisfactory, (2) unsatisfactory, (3) Moderate (4)
satisfactory, (5) Very satisfactory

1 5 Very unsatisfactory, (2) unsatisfactory, (3) Moderate (4)
satisfactory, (5) Very satisfactory

1 3 Survey: (0) No, (1) Yes

district (Sepang). The very high vulnerability values range between
0.491 and 0.549, compared to very low vulnerability values, which
range between 0.376 and 0.380. Only one mukim, Dengkil, was classi-
fied into this category. The last social vulnerability subdimension,
population size, had an index range minimum value of 0.207 and a
maximum value of 0.688. Jugra and Hulu Semenyih Mukim were each
classified as having very low vulnerability, while three mukim (Ampang,
Cheras, and Kajang), were classified as having very high vulnerability,
based on the population size subdimension.

Therefore, as shown in Fig. 3, three mukim were classified as very
high vulnerability (Ampang, Cheras, and Kajang), three were in the
high-vulnerability class (Semenyih, Dengkil, and Tanjung Dua Belas),
five were in the medium-vulnerability class (Hulu Langat, Beranang,
Sepang, Batu, and Telok Panglima Garang), four were in the low-
vulnerability class (Labu, Bandar, Kelanang, and Morib), and two were
in the very low-vulnerability class (Hulu Semenyih and Jugra). The
three mukim of Ampang, Cheras, and Kajang fell into the very high-
vulnerability class because of their high populations compared to the
other mukim. Thus, these three mukim should be the focus of disaster
risk assessment in the social vulnerability dimension. The indexes of
these three mukim ranged between 0.351 and 0.497.

Fig. 3. Social dimension vulnerability map.
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4.2. Economic vulnerability

Economic vulnerability refers to the potential economic losses suf-
fered by an individual or organization. This dimension covers the
financial capability, planning, and protection of both persons and or-
ganizations, as well as each local goverment's financial budget for pre-
paring for and responding to potential threats [41]. In this study, three
economic subdimensions were considered when analyzing economic
vulnerability. The first subdimension is economic resilience, which
consists of four indicators: economic incentives for DRR, financial ser-
vices, emergency funds, and personal insurance. The next subdimension
is financial saving, whose three subdimensions are financial reserves,
household savings, and income range. The last subdimension is eco-
nomic conditions, which consists of three indicators: the number of
earning members in the household, poverty, and economic activity.
Fig. 4 shows the results on an economic vulnerability map.

Overall, the economic vulnerability index in these three districts
varied from 0.472 to 0.490 for the very low class, 0.491 to 0.510 for the
low class, 0.511 to 0.550 for the medium class, 0.551 to 0.580 for the
high class, and 0.581 to 0.594 for the very high class. The mukim of Hulu
Semenyih, Beranang, and Batu were classified as being of very high
economic vulnerability. Compared to the other mukim, Hulu Semenyih
and Beranang were very highly vulnerable in two subdimensions, eco-
nomic resilience and economic conditions, while in Mukim Batu, two
subdimensions were very highly vulnerable: financial savings and eco-
nomic conditions. These values explain why these three mukim were in
the very high economic vulnerability class. The subdimensions of all
these three have different ranges of minimum to maximum values on
their indexes. The economic resilience subdimension index ranges from
0.412 to 0.524, the financial savings subdimension index ranges from
0.640 to 0.813, and the economic conditions subdimension index ranges
from 0.280 to 0.506.

Therefore, three mukim were found to have very low economic
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vulnerability compared to the others - Kajang, Telok Panglima Garang,
and Tanjung Dua Belas - while one (Dengkil) was in the low economic
vulnerability class. Most mukim examined were classified as being of
medium economic vulnerability: Ampang, Cheras, Hulu Langat, Seme-
nyih, Labu, Sepang, and Morib. The main focus needs to be on the other
mukim (Bandar, Jugra, and Kelanang) due to their high vulnerability

index values.

4.3. Physical vulnerability

The physical vulnerability analysis consists of a specific and detailed
household spatial data scale for the building condition subdimension.
The other data indicators were based on mukim or district spatial scales.
Besides the building condition subdimension, two other physical
vulnerability subdimensions were used: communication and services. In
total, the physical vulnerability dimension contains nine indicators,
with each subdimension having three indicators. Fig. 5 shows the
physical vulnerability map with all three subdimensions for all 17
mukim in the study area.

The physical vulnerability index in this study area ranged between
0.044 and 0.471, so the index value was lower compared to the other
dimension index values, ranging from 0 to 1. This was because the area
also has low index values for communication and services. Most mukim
in this area are urban and Selangor is the most developed state in
Malaysia, so there are better physical facilities in terms of communica-
tion and services. Both the communication and services subdimensions
had low index values, ranging from 0.044 to 0.305 and 0.076 to 0.381,
respectively. However, a comparison of all the mukim in the study area
revealed that several areas (Ampang, Hulu Langat, Cheras, Kajang,
Beranang, Semenyih, Tanjung Dua Belas, Jugra, Tanjung Dua Belas,
Jugra, Telok Panglima Garang, and Morib) were classified as being of
very high physical vulnerability. All these areas of very high physical
vulnerability have indexes ranging between 0.351 and 0.471. The

Fig. 4. Economic vulnerability index.
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Fig. 5. Physical vulnerability index.

Fig. 6. Institutional vulnerability index.
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building condition subdimension influenced the areas with very high
physical vulnerability because these were more highly populated. More
populated areas have many buildings, some of which have high
vulnerability because of their physical condition in terms of age, type,
and materials. Other areas - such as plantations, open space, and forest -
have very low or low physical vulnerability because there are no
buildings.

4.4. Institutional vulnerability

Institutional vulnerability is rarely applied or discussed as a
vulnerability dimension in disaster vulnerability assessment. This type
of vulnerability is related to the resilience and preparedness of local
organizational structures, governance structures, and local institutions
to face future disasters [42]. In this study, institutional vulnerability
contains thirteen indicators classified into three subdimensions. The first
subdimension, institutional planning, consists of five indicators: evac-
uation planning, emergency planning, emergency drill planning,
providing emergency drill training to community leaders, and early
warning infrastructure. The next subdimension is institutional capacity,
which also has five indicators: emergency supplies, early warning
dissemination, emergency shelter capacity, training and education
programs, and community communication with the local authority. The
last subdimension of institutional vulnerability is health capacity, con-
sisting of three indicators: the number of doctors, number of nurses, and
number of hospital beds. Fig. 6 shows the results of the institutional
vulnerability index assessment in this study area.

The results from the analysis show the index range between the 17
mukim is between 0.532 and 0.699. There is very high institutional
vulnerability in Hulu Langat District because five mukim there fall into
the very high institutional vulnerability class (Ampang, Cheras, Kajang,
Hulu Semenyih, and Beranang) and two mukim fall into the high insti-
tutional vulnerability class (Hulu Langat and Semenyih). Therefore, the
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range index in Hulu Langat is between 0.661 and 0.699. Hulu Langat has
very high institutional vulnerability compared to other districts because
of the very high vulnerability in terms of institutional planning and
institutional capacity, as well as the high vulnerability in terms of health
capacity. Comparing these three districts, Sepang District has very low
vulnerability, with all three mukim in the very low vulnerability class.
The index range in Sepang District is between 0.532 and 0.50. The last
district, Kuala Langat, has two mukim with high vulnerability (Telok
Panglima Garang and Tanjung Dua Belas), two with medium vulnera-
bility (Bandar and Batu), and three with low vulnerability (Jugra,
Kelanang, and Morib).

4.5. Environmental vulnerability

Environmental vulnerability relates to the amount to which the
ecosystem has degraded, and environmental variables may influence the
vulnerability of an afflicted region [43]. The environmental vulnera-
bility discussed in this study was based on two subdimensions: envi-
ronmental conditions and climate and urbanization. The climate and
urbanization subdimension has five indicators: heat spots, river quality,
rainfall intensity, land use types, and land use change. Meanwhile, the
environmental conditions subdimension consists of solid waste areas,
water resources, and forest areas. In Fig. 7, the environmental vulner-
ability results are shown in the detailed map.

The index range for the overall environmental vulnerability index is
from 0.227 to 0.566. The very high vulnerability index was found to be
mainly located in Cheras, Kajang, Dengkil, Beranang, and Semenyih
because these areas are the most urbanized. The very high environ-
mental vulnerability index ranged between 0.450 and 0.566. Most areas
in the very high or high vulnerability classes are highly populated or
have experienced considerable changes in land use. However, most
areas in the very low or low vulnerability classes are forest or protected,
as well as being unpopulated or less populated. Besides, some areas in

Fig. 7. Environmental vulnerability index.
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mukim such as Jugra, Kelanang, Bandar, and Sepang are plantations.
The urbanization factor plays a major role in the environmental

vulnerability index increase in the study areas.

4.6. Cultural vulnerability

The
dimension has been less researched, discussed, and analyzed compared

last dimension in this study is cultural vulnerability. This
to the others. Cultural vulnerability in this study focuses on intangible
qualities, that is, the subdimensions of attitude and perception. The
attitude subdimension focuses on five indicators to evaluate community
and household responses and attitudes to disaster. The five indicators
are (1) do people know the locations of the evacuation shelters in their
area, (2) do people respond to the early warning system during a
disaster, (3) do they know the evacuation routes to the safest places, (4)
do they know the institution in charge when a disaster occurs, and (5)
the community cooperation in their area. The second subdimension,
perception, has two indicators: people's level of trustin government DRR
policies and household readiness to go to the emergency shelters pro-
vided by the local authorities. Fig. 8 shows the results of the cultural
vulnerability index, including the indexes of the two subdimensions of
attitude and perception.

The results from the cultural vulnerability index map show the
minimum vulnerability index value is 0.282 and the maximum value is
0.5649. Mukim Jugra has a very low cultural vulnerability index, be-
tween 0.270 and 0.320. This mukim has the lowest vulnerability in both
the attitude and perception subdimensions, meaning that households in
Mukim Jugra respond better when a disaster happens, while they also
trust the government and local authority DRR works more than the other
mukim in the study area. However, three mukim were classified as
having very high vulnerability: Ampang, Cheras, and Labu. The index
range for these three is between 0.4901 and 0.5649. Overall, three
mukim are in the high vulnerability class (Semenyih, Kajang, and
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Dengkil), six are in the medium vulnerability class (Hulu Semenyih,
Beranang, Sepang, Bandar, Morib, and Telok Panglima Garang) and four
are in the low vulnerability class (Hulu Langat, Tanjung Dua Belas,
Kelanang, and Batu).

4.7. Multidimensional vulnerability index

This study analyzed and observed six vulnerability dimensions in 17
mukim from three districts. For comparison purposes, Fig. 9 shows the
chart for the average six-dimensional index for this study area. Based on
this chart, most mukim in the study area have higher vulnerability in the
institutional dimension compared to the other dimensions,
Mukim Labu. In Mukim Labu, the highest vulnerability dimension is the
cultural dimension, followed by the institutional and economic di-
mensions. In this study area overall, to reduce the overall susceptibility

except

to disaster, the focus should be on the institutional dimension, followed
by the economic dimension. There is still a lack of effort on the part of
the government and local authorities regarding disaster planning and
enhancing the capacity to reduce the disaster risk. The local authorities
need to improve their practice of DRR and educate people to improve
attitudes to, knowledge of, and perceptions of disaster management.
However, the results also show that, on average, the areas have low
vulnerability in the physical dimension compared to the other five di-
mensions. This is because the areas have better physical communication
facilities and access to basic services such as electricity and water. The
economic dimension is another concern in this study area because, based
on the results, many mukim have the highest vulnerability in this
dimension. The economic dimension is especially important in terms of
the capacity of people, organizations, and local authorities to recover
from post-disaster events.

The results from the combination of six dimensions show the index
range for the MDVI is between 0.347 and 0.510. The values for the very
low MDVI classes are between 0.370 and 0.390, with the areas of very

Fig. 8. Cultural vulnerability index.
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Fig. 9. Average of six dimension in each mukim.

low vulnerability being in the Dengkil, Labu, Sepang, and Jugra Mukim.
However, in three mukim - Ampang, Cheras, and Kajang - most areas are
classified in the very high or high vulnerability classes. The index range
for the very high class is between 0.451 and 0.510, while the high-class
index values range from 0.421 to 0.45. Areas of several other mukim are
classified as having very high vulnerability, but these are small. For
example, areas of Mukim Tanjung Dua Belas fall into all five classes, but
most areas are in the medium vulnerability class. The detailed results
presented in the MDVI map are shown in Fig. 10.

Table 3 shows the specific and detailed results from the spatial
analysis, based on the map in Fig. 10. Overall, 5.7% of the study areas
are classified as being in the very high MDVI class, 8.9% in the high
MDVI class, 33.3% in the medium MDVI class, 21.6% in the low MDVI
class, and 30.5% in the very low MDVI class. The area with the largest

proportion in the very high MDVI class is Ampang, with 85.49% of this
area in the very high MDVI class, while the average index is 0.47. The
highest average MDVI value is also in Ampang and the lowest average
MDVI value is in Sepang, 0.37. Mukim Sepang also has 0% of its area in
the very high MDVI class, with 97.77 of the area in the very low
vulnerability class. Four other Mukim also have 0% of their area in the
very high MDVI class: Labu, Bandar, Jugra, and Morib. Based on the
study area overall, the average index value is 0.41, the minimum value is
0.34, and the maximum value is 0.51.

5. Comparison with the flood event 2021

In this section, the MDVI map produced was compared with the
impacts of the disaster events in 2021. The comparison is based on the

Fig. 10. MDVI map.
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Table 3
MDVI Spatial analysis result.

Mukim Area Percentage %
Very High High Medium

Ampang 85.49 14.09 0.36
Cheras 43.99 54.56 1.28
Kajang 50.33 47.37 1.8
Beranang 11.06 34.34 54.24
Semenyih 7.99 19.14 65.79
Batu 0.13 1.33 95.15
Hulu Langat 0.35 4.45 3.57
Bandar 0 2.57 9.15
Hulu Semenyih 0.14 0.99 93.61
Kelanang 0.36 4.72 57.36
Tanjung Dua Belas 1.65 9.14 60.31
Telok Panglima Garang 0.01 3.66 9.60
Jugra 0 2.20 0.36
Morib 0 1.18 10.50
Dengkil 0.26 6.63 27.30
Labu 0.00 0.51 13.84
Sepang 0 0 1.17
Total 5.7 8.9 33.3

1. Multidimensional Vulnerability Assessment.

2. Index Based Approach.

3. Disaster risk reduction

4. Industrial Urban Area

5. Disaster Risk Management

6. Selangor, Malaysia

early results from a DOSM flood disaster impact report [44]. The section
aims to compare and discuss the impacts of the 2021 flood events and
the new MDVI map. Fig. 11 shows the map of the locations in the study
area most severely affected during the disaster events of 2021. In total,
61 locations in these three districts were classified by the DOSM as
having been affected. Based on the MDVI map, six locations were clas-
sified as having very high vulnerability and four locations were in areas
of high vulnerability. Of the locations, most (27) were in areas of very
low vulnerability, 12 were in areas of low vulnerability and 11 were
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Average Index Min Max
Index Index

Low Very Low
0 0.06 0.47 0.39 0.51
0.17 0.00 0.45 0.39 0.51
0.26 0.24 0.45 0.37 0.50
0.09 0.27 0.43 0.39 0.48
6.56 0.51 0.42 0.39 0.49
2.79 0.13 0.41 0.38 0.46
80.78 10.84 0.40 0.37 0.48
74.94 13.34 0.40 0.37 0.45
5.03 0.23 0.40 0.38 0.47
26.86 10.70 0.40 0.38 0.46
23.20 5.69 0.40 0.36 0.46
61.00 25.73 0.40 0.37 0.46
1.78 95.65 0.39 0.36 0.44
60.12 28.21 0.39 0.38 0.43
11.06 54.75 0.39 0.36 0.48
3.16 82.49 0.38 0.35 0.44
1.06 97.77 0.37 0.34 0.41
21.6 30.5 0.41 0.34 0.52

located in areas of medium vulnerability.

Based on the DOSM report, the locations affected in 2021 had several
disaster management-related issues that exacerbated the conditions.
According to the DOSM report, the first issue the community faced
during the flood events of 2021 was being trapped in their houses
because of a late evacuation. The next issue was the late response from
the agency involved in supplying help such as food, medical supplies,
and basic equipment like warm clothes and blankets. Assistance to flood
victims was slow since the agencies involved were unable to enter the

u3°0'0"N

m2°40,0"N

Fig. 11. Affected location during the flood 2021
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disaster area due to the lack of preparation for a disaster of that size.
According to a statement from the Prime Minister, the government's lack
of preparation at the local level in the face of disasters led to the lack of
coordination and the delayed response in carrying out rescue operations
and giving help [45]. The multidimensional vulnerability assessment
discussed in the previous section also showed that the study area had
higher vulnerability, especially in institutional terms. The lack of insti-
tutional planning and capacity was demonstrated by the lack of inter-
agency coordination between the local and federal authorities. Institu-
tional capacity needs to be strengthened by involving local governments
in emergency response and preparedness planning [46]. The lack of
awareness among the community was another reason why victims
became trapped in their houses during the events. Raising each in-
dividual's level of awareness and understanding would enable them to
develop a positive attitude and perception when confronted with a
disaster [47]. The lack of awareness programs, emergency drill training,
and communication between local governments and communities also
increased the vulnerability of this area. This was demonstrated in the
2021 flood events, especially in Selangor, where coordination between
agencies was lacking and people did not know what to do before or
during a disaster. Intangible vulnerability factors such as risk perception
are complex to measure but contribute to increasing the impact of a
disaster.

6. Conclusion

This research indicates that disaster vulnerability should be viewed
as a combination of the social, economic, physical, institutional, envi-
ronmental, and cultural dimensions, while the authors proposed a
multidimensional theory from the MOVE framework to assess vulnera-
bility. A combination of spatial and holistic approaches provided spe-
cific information about areas classified as vulnerable and enabled the
complexity of multiple vulnerability indicators to be better presented.
Overall, the study findings provide a clear picture of the multidimen-
sional and aggregate vulnerability of urban areas in both spatial and
non-spatial terms. The highest MDVI value is 0.510 and the lowest is
0.347. Compared to the other five dimensions, the most vulnerable
dimension in this study area was found to be institutional. All the mukim
have the highest institutional vulnerability, except for Labu, whose
highest vulnerability is in the cultural dimension. Mukim Ampang is the
most vulnerable area, with 85.49%
vulnerability and 14.09% having high vulnerability, in terms of the
overall MDVI. However, for the total area, only 5.7% is in the very high
MDVI class and 8.9% is in the high MDVI class.

The multidimensional vulnerability analysis in this study explained
varied information about vulnerability and provides the decision maker
with a policy-making tool based on science. This scientific-based infor-
mation is vital for the implementation of effective disaster risk man-
agement. The approach used in this study could provide the information
needed by local governments to improve the DRR strategies in their
organization for future disaster events. Based on the index range pro-
vided using this approach, local governments can set goals to reduce

of the area having very high

vulnerability, reduce the number of very highly vulnerable areas,
develop mitigation measures, allocate DRR budgets, and engage in
proper planning for different dimensions of the disaster risk compo-
nents. Furthermore, the multidimensional vulnerability assessment
could be used by NADMA, the main agency, to evaluate local govern-
ments and other agencies involved in DRM. The multidimensional
vulnerability assessment indicators in this study cover all the phases of
disaster management cycles: preparedness, mitigation, response, and
recovery; this would lead to a better understanding at the local level as
stated in Sendai Framework. The proposed approach could provide the
information needed to improve the disaster planning and management
mechanism in Directive No 20, a national policy.
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