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Abstract: This study developed an integrated disaster risk assessment framework (IDRAF) to mea-
sure disaster risk at the local administrative boundaries in Malaysia. The proposed framework can
enhance government effort for disaster risk reduction by implementing an integrated disaster risk
framework and guiding decision makers to properly evaluate and analyze risk for mitigation, pre-
paredness, and planning. The framework was developed, expanding from the multi-hazard spatial
overlapping and Methods for the Improvement of Vulnerability Assessment in Europe (MOVE) theo-
retical framework. There are five significant phases to develop this framework: problem formulation,
data collection, multi-hazard characterization, multi-dimensional vulnerability characterization, and
weightage determination. The IDRAF proposed for Malaysia consists of eight hazards and six vul-
nerability dimensions, which consist of 16 factors (or vulnerability group) and 54 indicators. The
multi-hazard characterization has two components: frequency of occurrence and spatial interaction.
The multidimensional vulnerability characterization reduces vulnerability indicators using principal
component analysis (PCA). Measuring integrated risk is an effective strategy at the local level or
national level to assess the potential disaster impacts in detail and accurately. This study will offer
explicit knowledge and boost community competency, creating techniques and tools to analyze
various risk factors and vulnerability indicators for decision makers and practitioners.

Keywords: framework development; disaster risk reduction; multi-hazard; multi-dimension vulnerability

1. Introduction

Malaysia is located in the Southeast Asian region, geographically outside the Pacific
Rim of Fire. Therefore, it is not exposed to the ravages and devastation caused by severe
natural severe disasters. However, the country is vulnerable to natural hazards such as
floods, tsunami, landslides, storms, forest fires, seismic activity, and haze. According
to the World Risk Report 2019, Malaysia is considered a high-risk country and ranked
71st among 180 countries in terms of the risks it faces [1]. In comparison, in a previous
report from 2012, Malaysia was regarded as a medium-risk country and ranked 91st [2].
The change in Malaysia’s global risk classification is due to increased hazard exposure
in Malaysia, especially over the last decade. In the previous 20 years, Malaysia has
experienced 51 natural disaster events that have affected 3 million people and caused
damage worth US$2 billion [3]. Given the increasing impact of natural disaster events,
developing a national disaster risk assessment assists the understanding and identification
of potential hazard threats that affect the vulnerability of the social system, the economy,
and many institutions [4].
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Currently, many countries have developed their own national disaster risk assessment.
Disaster risk assessment is a strategy for disaster risk reduction that evaluates hazards
and vulnerability. The importance of disaster risk assessment is its capacity to quantify
and qualitatively determine the location of areas at risk [5]. The need for integrated risk
assessment in Malaysia is growing due to the growing impact of extreme rainfall and
monsoon floods [6], the increase of landslide occurrences due to rapid development [7],
the rising numbers of forest fires due to drought, and stronger earthquake experiences [3].
These multiple types of disaster events have occurred more frequently in the last decade;
consequently, there is a potential need for an integrated risk assessment tool that can
be used by decision makers and that provides information for deciding mitigation and
preparedness strategies [8].

This study intended to develop an integrated disaster risk assessment framework
(IDRAF) for use at the local or national scale that focuses on the development of the frame-
work. Malaysia is a developing, newly industrialized country. Many countries in Southeast
Asia are similarly developing, so a local IDRAF is required. Each country needs to develop
its own disaster risk assessment framework because its risk and vulnerability mitigation
systems are intended to cater to localized disaster events, geographical locations, and
regional conditions [9]. This paper’s central idea is to quantify risk using two components:
multi-hazard and multi-vulnerability. Multi-hazard consists of the potential hazards to
which a location is currently exposed or could be in the future, while multi-vulnerability
consists of six dimensions of vulnerability: social, economic, physical, institutional, en-
vironmental, and cultural. IDRAF can be applied to assessing and identifying disaster
high-risk areas [10], assisting land-use planning conducted by the authorities [11], and
observing spatial relationships between different hazards [12]. This study provides clear
guidelines and a methodology for developing a disaster risk assessment framework for
use by stakeholders, government agencies, researchers, and decision makers.

1.1. Risk, Hazard, and Vulnerability Concept

Risk is defined as the possibility that illness, loss of life, or loss or harm to property will
occur to a system, society, or population in a given period. It is also a calculated probability
that is a function of danger, visibility, and capability [13]. Risk assessment begins with
hazard assessment, accompanied by vulnerability estimations and values of the elements at
risk (or exposure), all of which have led to the computation of risk as a function of hazard,
vulnerability, and exposure [14]. Several frameworks have been developed to measure
disaster risk. In 1979, the United Nations Disaster Relief Organization (UNDRO) and the
United Nations Educational, Scientific and Cultural Organization (UNESCO) proposed
combining risk, hazard, and vulnerability. The proposed framework described risk as
encompassing three factors: risk, hazard, and vulnerability [15]. Cordona (1985) modified
the UNDRO and UNESCO concept by defining risk as consisting of hazard and vulnerabil-
ity, removing the exposure component. Thereafter, the concept of risk has expanded and
evolved to incorporate hazard characteristics and newly emerging disciplines.

The main difference between the various disaster risk assessment concepts is the
vulnerability component, which consists of different dimensions of interpretation. In
comparison, the hazard component is quantified as either a single hazard or multi-hazard.
In contrast, vulnerability components conceptualize various contexts such as public health,
social sciences, ecology, economics, and other related fields. The two common IPCC
approaches used in global disaster risk scales are the Index of Risk Management (INFORM)
and the World Risk Index (WRI). There are three main risk components in the INFORM
conceptual framework: hazards, vulnerability, and coping capacity [16]. Vulnerability in
INFORM is categorized into two aspects: socio-economic features and vulnerable groups.
However, in the WRI concept, vulnerability is extended to include coping capacity, which
is defined as a social condition or system susceptible to hazard exposure and people’s
ability to cope with and adapt to the adverse effects of hazards [2]. Several studies have
adopted the WRI framework on far smaller levels (e.g., the national or local level) because
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the susceptibility, coping, and adaptive capacity components are practical, robust, and
reliable for use in vulnerability assessment. However, Almeida et al. [17] reported several
limitations due to data availability. The indicator used does not represent the complex
reality of risk and limitation on local or micro-scales.

Malaysia’s disaster risk is accessible, and the flood hazard risk assessment is conducted
by the Department of Irrigation and Drainage (DID). However, the framework focuses on
damage assessment [18] instead of a multi-dimensional risk approach. Damage assessment
measures direct and indirect losses after hazard events or creates future models, both of
which support disaster risk management [19]. Several studies related to disaster damage
assessment have been undertaken in Malaysia by Muhadi and Abdullah [20], Tam et al. [21],
and Julien et al. [22]. In the last decade, the concept of disaster risk assessment has changed
toward integrated disaster risk assessment (IDRA). The focus is shifting to analyzing the
disaster risk faced by people, systems, and organizations through understanding concepts
of susceptibility and capacity based on damage and loss assessment [23]. The newly
integrated or multidimensional risk assessment could improve planning and emergency
management [24]. As a result, integrated risk assessment aims to build a risk classification
system that considers future conjoint and cascade effects [8].

Figure 1 shows the theoretical framework proposed in this study for a Malaysian
IDRAF. It was adapted from the Methods for the Improvement of Vulnerability Assessment
in Europe (MOVE). The MOVE framework aims to extend the disaster risk reduction
viewpoint by adding new understanding to the interaction of coupling, adaptation, and
resilience [25]. Several studies have adopted the MOVE framework because it highlights
complex relationships of vulnerability and changes over time, and it is defined by non-
linearity and location-specific influences [15]. This study proposes an integrated framework
for assessing risk by associating multiple hazards and vulnerability dimensions. This pro-
posed framework consists of two main components: multi-hazards and multi-dimensional
vulnerability. The WRI approach described risk as overlapping of four components, expo-
sure and vulnerability (susceptibility, adaptation, and coping component), while in this
proposed framework is based on two components, hazard and vulnerability. However,
in this study, exposure describes the geographical extents of the hazard event to society
attributes including social, physical, cultural, environmental, institutional, and economic
elements. Multi-hazards are multiple natural events threatening the same exposed ele-
ments over the same or different periods [26]. Meanwhile, the concept of multidimensional
vulnerability refers to six dimensions: social, environmental, economic, physical, institu-
tional, and cultural [27,28]. The following subsection explains the integrated risk terms
involved in this framework.

1.1.1. Risk

Risk refers to a combination of multi-hazards and multidimensional vulnerability.
Therefore, risk was defined as the elements that have probability to be affected, being
fragile, and losses to potential risk due to hazards. Risk depends on the magnitude of
hazards and their exposure to vulnerability dimension in the society.

1.1.2. Hazard

Hazard was defined as a possibility of occurrence of one or more hazards with or
without interaction that could affect certain areas and might cause damage to social,
physical, economic, institutional, environmental, and cultural aspects. The hazard was
measured based on the frequency of hazard and spatial interaction.
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1.1.3. Vulnerability

Vulnerability refers to a range of sensitivity aspects (social, economic, physical, insti-
tutional, environmental, and cultural) with the possibility of varying degrees of protection
against diverse hazards. This includes susceptibility and capacity of elements to potential
hazard situation. The six dimensions of vulnerability in this framework are described below.

1. Social dimension. This refers to the human being, individual, or organization in the
social system that is exposed to disaster. It includes those vulnerable or susceptible
groups associated with the capacity to prevent, mitigate, and respond to the disaster.

2. Economic dimension. Potential economic losses may be incurred by an individual
or organization because of physical damage to assets and productive capacity. This
dimension includes financial capacity, the individual and organization, financial
planning and protection, and the local organization’s financial budget to prepare for
and respond to future hazards.

3. Physical dimension. Physical properties may be affected, such as built-up neighbor-
hoods, utilities, and open spaces. The physical infrastructure may be prepared to
adapt to and cope with potential hazards and have features such as communication
and basic facilities.

4. Institutional dimension. There is a risk of harm to governance structures, organi-
zational structures, and the operation and direction of the formal legal process and
informal customary laws. This dimension includes risk planning, health capacity,
local institutional programs, and commitment capacity for disaster risk reduction.

5. Environmental dimension. Both ecological and biophysical processes and their vari-
ous roles are at risk of being harmed. It refers to the extent to which the ecosystem has
degraded and environmental factors (pollution, land-use change) that could influence
the affected area’s vulnerability.

6. Cultural dimension. Intangible qualities, such as the meanings attached to objects,
rituals, regular habits, and natural or urban environments, are at risk of being harmed.
Therefore, it entails danger and risk awareness, vocabulary issues, and the impact
of disaster management in instructional plans and services to foster a culture of
protection and resilience.
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1.1.4. Susceptibility

Susceptibility defines elements that are prone to harm and fragile when exposed to a
hazard. In the MOVE framework, susceptibility and fragility were defined similarly with
each element being independent of exposure [25].

1.1.5. Lack of capacity

This is defined as the limitation of elements exposed in terms of accessibility and
utilization of the society resources in response to hazard events. It includes the community’s
or organization’s ability to learn to adapt and increase resilience from past events for the
future disaster events.

1.2. Disaster Management in Malaysia

Malaysia has been exposed to multiple types of hazards in recent years. There has
been an increase in the number of affected areas due to extreme weather [4]. The National
Disaster Management Agency (NADMA) is a federal agency that leads and coordinates
disaster management via a Disaster Management and Relief Committee (DMRC) system [3].
This committee system was established in 2012, as documented in Directive No. 20,
which outlined the policy and mechanisms for disaster management in Malaysia [29].
Ten agencies are part of this committee system: the Royal Malaysia Police (RMP), the
Royal Malaysian Army, Local Authorities, the DID, the Public Works Department, the
Social Welfare Department (SWD), NGOs, the Malaysia Civil Defense Force (MCDF),
the Malaysian Meteorological Department, and international cooperation. According to
Directive No. 20, disaster management is regulated according to three levels of disaster.

Level 1 disasters are handled by the District DMRC. The disasters managed at the
district, mukim (sub-district), or village level are non-complex and under control. Level 2
disasters are handled by the State DMRC. The scale of such disasters involves two or more
districts, and significant damage is caused to people and property. Meanwhile, Level 3
disasters are handled by the Federal DMRC when the complexity of the disaster is serious
and affects a wide area. Directive No. 20 is an effective mechanism, but an improved,
comprehensive, and integrated approach is required for hazard management (disaster
reduction, assessment, and mitigation) [29].

Too few studies in Malaysia have investigated integrated disaster risk assessment
in terms of risk assessment concepts, vulnerability, hazard assessment tools, and disaster
risk reduction. In the last 7 years, there were 69 journal articles published in Scopus and
Web of Science that were undertaken in relation to disaster risk assessment in Malaysia.
Figure 2 shows the number of disaster risk assessments published from 2014 to 2020. Most
studies focused mainly on a single risk component, either hazard or the vulnerability
component. Only 14% of the studies considered both hazard and vulnerability. Overall, in
terms of hazard type, floods have the most, with 45%, while the remaining studies referred
to landslides (39%), earthquakes (3%), storms (4%), droughts (3%), coastal erosion (3%)
and tsunamis (3%).

Malaysia has been affected by multiple types of hazards over the last two decades [3].
Disaster risk assessment provides information to urban planners and stakeholders in
Malaysia so they can analyze the current effectiveness of planning and regulations. There
is also a need for an IDRA that is applicable to multiple hazards at the local administrative
levels in order to identify priority areas for disaster risk reduction (DRR) activities. In
addition, vulnerability components involve an extensive number of indicators, which can
be categorized into several dimensions: social, economic, physical, institutional, environ-
mental, and cultural. Vulnerability assessment, based collectively on these dimensions,
may provide further information for use in DRR strategies and action plans.
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2. Materials and Methods
2.1. Study Area

The local scale or boundaries for the framework development consist of the Malaysian
administrative boundaries. Malaysia comprises Peninsular Malaysia, Sabah, and Sarawak.
Administration within Malaysia involves three main levels: State, District and Municipal
(local authority), and Mukim (sub-district). There are 13 states in Malaysia and three
federal territories (Kuala Lumpur, Putrajaya, and Labuan). The Chief Minister is the head
of governance in each state. Each state consists of districts and municipalities, which have
their own boundaries and functions. These are led by district officers at the district level,
who serve as intermediaries for all government matters and programs.

Regarding disaster risk management at the district level, the district officer becomes
the committee’s chief at this level, with the help of other government agencies, including
the local authorities [30]. However, at the municipal level, the local authorities are respon-
sible for management services, the treasury, development and landscape planning, and
community and municipal services. In disaster risk management, the local authorities are
involved in the post-disaster preparedness and response process. The Mukim is the minor
administrative boundary, consisting of several villages or residential areas and led by the
‘Penghulu’ (the sub-district chief). The Penghulu is responsible for Mukim administrative
matters, development, security, unity, religion, and welfare. They perform all duties as
directed by the district officer and assistants.

2.2. Process for Developing an Integrated Disaster Risk Assessment Framework

Figure 3 illustrates the five-phase analysis approach used to develop a local IDRAF.
For this study, the local scale refers to the Malaysia administrative boundary. Phase 1
started with the identification of risk components by identifying the natural hazard types in
Malaysia, identifying vulnerability indicators based on six dimensions, and understanding
the background of disaster risk management in Malaysia. Phase 2 consisted of data
collection, achieved by distributing a questionnaire among Malaysia’s experts to identify
and classify suitable vulnerability indicators. This involved gathering expert opinion on the
interaction between one hazard and another. In phase 3, the multi-hazard characterization
was conducted, in which historical event analysis determined the frequency of hazards
and hazard interactions. Phase 4 involved multidimensional vulnerability characterization
to identify the classification of the components and suitable vulnerability indicators, using
Principal Component Analysis (PCA). The last phase, phase 5, identified the weightage for
each vulnerability dimension, factor, and indicator.
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2.2.1. Risk Component Identification

This phase identified the relevant and critical indicators used in developing a local
IDRA framework based on exposure to multiple natural disasters, vulnerability, and
administrative boundaries. This phase involved the collection of information and data
from relevant literature and insights from local experts working on risk evaluation and
evaluating a local population’s needs and requirements. The research team classified the
indicators based on a relevant dimension according to previous literature and experts’
opinions that were suitable to the country. The list of vulnerability indicators was identified
based on various dimensions and evaluated by local experts.

2.2.2. Data Collection

In this phase, data collection was performed by distributing questionnaires to local
experts, who, for this case study, were experts within Malaysia. The participatory-based
method was used to consider expert opinions from various agencies involved in Malaysia’s
disaster management. The purpose of the questionnaire was to obtain a level of agreement
on the importance of each vulnerability indicator. Questionnaire surveys were distributed
face-to-face or virtually to the respondents. A total of 64 respondents participated, belong-
ing to different government agencies such as the Department of Irrigation and Drainage
(DID), the National Disaster Management Agency (NADMA), and local authorities, as well
as Non-Government Organizations (NGO).

The questionnaire consisted of two parts: the vulnerability assessment and the spatial
interaction between hazards. Table 1 shows the questionnaire template (vulnerability),
elaborating on the dimensions and indicators according to five agreement levels, with the
highest score being 5 (strongly agree) and the lowest score being 1 (strongly disagree). In
this part, the questionnaire survey focused on evaluating the critical indicators to include
in the framework. More indicators were included in the questionnaire and are presented in
Appendix A.
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Table 1. Questionnaire template for multi-vulnerability characterization.

Questionnaire Template

Dimension
Agreement Level

Strongly
Disagree (1) Disagree (2) Moderate (3) Agree (4) Strongly

Agree (5)

Social
Economic
Physical

Institutional
Environmental

Cultural

Social indicator

Density

Economic indicator

Poverty

Physical indicator

Building age

Institutional indicator

Training programs

Environmental indicator

Land use

Cultural indicator

Disaster experience

In the first part, the expert answered by stating their level of agreement using a 5-point
Likert scale, which would allow the importance of each dimension and indicator in this
framework to be evaluated. The Likert scale was developed to calculate an ‘attitude’ that
has been scientifically agreed upon and validated [31]. An attitude is characterized as
a preferential way of behaving or reacting when a situation occurs that is based on a
reasonably long-lasting arrangement of beliefs and ideas (centered on an entity, a topic,
or a concept) acquired through social experiences [32]. The selection of indicators in each
dimension was based on the relevance, representativeness, and the importance of the
indicators according to Malaysia’s attribute situation. Eighty-seven indicators were chosen
for expert judgment during the questionnaire (Appendix A). The indicators were included
based on the existing literature and data available from the Malaysian government agencies.

In the second part, the experts determined the spatial interaction between one hazard
and another. Table 2 shows the spatial interaction matrix, which considers the potential
synergies between hazards. The interaction weight for experts to assign was on a scale
of 0 to 1, with 0 meaning no interaction and 1 referring to maximum interaction. This
method was adapted from Barrantes (2018), who defined each interaction by categorizing
them into their particular value to retain the scale’s progressive logic and indicate the
degree of spatial interaction [33]. The scale of classes for the spatial hazard interactions
was as follows.

1. No spatial interaction (0): Hazard events unrelated in general, despite being in the
same spatial location.

2. The total negative effect (0–0.3): Hazard events have temporal links, but the total
effects do not surpass their impacts.

3. Transfer of energy from one event to another (0.3–0.6): One hazard event is trans-
formed into another hazard event. For example, if drought occurs, this could cause
the transfer of energy into a forest fire.

4. Triggered (0.6–0.9): One hazard can trigger another hazard; for instance, a tsunami
can cause a flood, or an earthquake could trigger a landslide.
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5. Conditional effect (0.9–0.1): The occurrence of one hazard is dependent on another,
such as liquefaction, which depends on an earthquake.

Table 2. Questionnaire template for hazard spatial interactions.

Hazard Spatial Interactions

Flood Landslide Forest Fire EarthquakeTsunami Haze Drought Storm

Flood
Landslide
Forest

Fire
Earthquake
Tsunami

Haze
Drought
Storm

2.2.3. Phase 3—Multi-Hazard Characterization

In phase 3, the hazard characterization was based on the hazard frequency and the
spatial interaction between hazards. The hazard frequency was used to classify hazard
types based on how frequently they occurred. Each hazard type was classified into one
of three categories: high, medium, and low risk. The classification of hazard frequency
was based on historical data provided by the Emergency Database (EM-DAT) [34]. Then,
each category was assigned a moderation factor based on the hazard frequency. Another
important dimension in the hazard assessment was the spatial interaction between hazards.
This interaction depended on the experts’ knowledge and judgment. Therefore, all eight
hazard types were analyzed by their frequency of occurrence in Malaysia and the spatial
interaction between hazards.

2.2.4. Phase 4—Multidimensional Vulnerability Characterization

An essential aspect of the IDRAF was to determine suitable indicators based on expert
opinion using PCA. A combination of dimensional reduction techniques, such as PCA and
expert knowledge, could avoid indicators overlapping in the framework [35]. Vulnerability
characterization was based on six different dimensions, with each dimension having its
indicator. This study used principal component analysis (PCA) to reduce the number of
indicators and classify how they are interrelated in each dimension. This study’s selection
of vulnerability indicators was based on expert opinions and responses, in addition to
analysis using the PCA method. Combining PCA and expert knowledge to reduce the
number of indicators by classifying the indicators into a similar factor group was an
appropriate way to describe vulnerability [36]. Figure 4 illustrates the five principal steps
used in selecting the most suitable vulnerability indicators. The process started with a
reliability test, moving to the use of descriptive statistics or frequency analysis, the selection
of a rotation method, deciding the number of factors in each vulnerability dimension, and
interpreting the results. All the processes involved in the vulnerability characterization
were conducted using the statistical package SPSS software.

The steps used in conducting PCA included determining the reliability and correlation,
performing multicollinearity testing on the sample, selecting the rotation method, deciding
on the number of factors based on the indicators, and exporting and interpreting the
results. A reliability test is an important statistical tool used to determine the quality of
the sample collected [37]. The reliability test for this study used Cronbach’s α (alpha). The
acceptable value for a sample was above a 0.7 threshold [38]. The sample in this study was
higher than this, with a value of 0.958, proving the reliability of the sample’s scale. The
Kaiser–Meyer–Olkin (KMO) measure of sampling adequacy was used to check whether
the sample size was sufficient and the research could continue with PCA. A sample is
considered sufficient when the KMO is higher than 0.5 [39,40].
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For the sample of expert judgment vulnerability indicators, the KMO equaled 0.72,
which was acceptable. Finally, Bartlett’s test of sphericity was used to test the correlation
among the sample’s capacities. If a test results in a value lower than 0.05, no patterned
relationships existed among the vulnerability samples. For our expert opinion sample, the
value of Bartlett’s test of sphericity was estimated to be at a low level of satisfaction as
it was equal to 0.000. Multicollinearity was tested by determining the correlation matrix,
which was estimated at 0.000022, proving that multicollinearity was not an issue within
the sample.

Frequency analysis is a descriptive statistical approach that displays the number of
occurrences selected by the expert respondents in this study [41]. In order to identify the
significant level of the indicators, the mean value was calculated. The data from the expert
survey were further analyzed using the average index model as the type of frequency
analysis. A similar classification using rating approaches was proposed by Majid and
McCaffer (1997) [42] and used for work performance assessments and green highway
development. An indicator with a mean value of ≥3.50 would be selected to undergo the
principal component analysis.

The next step was to conduct the rotation process. The rotation for the PCA solution
used varimax rotation to simplify the relationships between the indicators [43]. The
cumulative percentage of variance in each vulnerability dimension was then used to
determine the number of factors in each dimension. The percentage of variance should
be between 60% and 70%. After that, the indicators selected in each factor should have a
rotation matrix of at least 0.6 load to correlate the factors. Factor loading is a correlation
coefficient value between the indicators in the smaller group of factors [44].

2.2.5. Phase 5—Weightage Determination

Two common approaches for weightage determination are equal-weighted and
unequal-weighted. Equal-weighted is more commonly used [45,46]. However, for this
IDRAF development, the researcher proposed the use of different weight coefficient values
for each vulnerability dimension, factor, and indicator. Thus, weighting the dimensions,
factors, and indicators enabled the important dimensions, factors, and indicators to be
quantified against one another [47]. The first task was to determine the weights for the
six dimensions: social, economic, physical, institutional, environmental, and cultural.
Equation (1) indicates how the weight was computed for each dimension. The scoring was
based on the expert opinion scores identified in phase 2—data collection (Section 2.2.2).
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Dimension weight =
(n1 × 1) + (n2 × 2) + (n3 × 3) + (n4 × 4) + (n5 × 5)

∑ Total Dimension Score
(1)

where n1, n2, n3, n4, and n5 are the number of scores selected by the experts. The values
1 to 5 refer to the score or the agreement level with one (1) being strongly disagrees, and
five (5) being strongly agrees (as in Table 1).

The weights’ calculation for the vulnerability factors and indicators was based on
the mean and factor loading extracted during the PCA process. Equation (2) shows the
formula used to calculate the indicators’ weights, while Equation (4) shows the formula
used to calculate the factors’ weights.

IWi =
f ci

∑n
i=1 f ci

(2)

f ci = mi fi (3)

IWi is a weight of indicator value for an indicator i and n is the total number of
indicators where f ci is a factor score value for an indicator i, mi is the mean calculated
using frequency analysis for the indicator i, and fi is the factor loading calculated from
the PCA process for an indicator i, where fi is a correlation coefficient value between
the indicators.

FWj =
Fj

∑N
j=1 Fj

(4)

Fj =
n

∑
i=1

f ci (5)

where FW is the weight of factor value for factor j, F is the sum value for factor score in
factor j, and N is the number of factors.

3. Results

This section presents the results of the analysis using the methodology in Section 2.
As stated in Section 2.2.2, the data collection was conducted through interviews with
disaster management experts. Seventy-five questionnaires were distributed among the
experts, but only 64 experts participated in this study. Table 3 shows the distribution of the
experts based on their respective agencies. The highest participation came from those in
the NADMA, which was the lead agency, with 17.2% of the total participation. Meanwhile,
12.5% came from both the DID and NGO agencies. The DID is the primary agency for flood
management in Malaysia, while the NGOs involved in this study are all active in Malaysia
disaster relief.

Table 3. Type of agency contributing to data collection.

Agency Frequency Percentage %

National Disaster Management Agency (NADMA) 11 17.2
Department of Irrigation and Drainage (DID) 8 12.5

NGO 8 12.5
Royal Malaysia Police (RMP) 7 10.9

District Office 7 10.9
Local authorities 6 9.4

Malaysia Civil Defence Force (MCDF) 6 9.4
Selangor Disaster Management Unit (SDMU) 4 6.3

Fire and Rescue Department Malaysia (FRDM) 3 4.7
Social Welfare Department (SWD) 3 4.7

Department of Mineral and Geoscience Malaysia (DMGM) 1 1.6
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The RMP and district offices provided 10.9% each, while the local authorities and
MCDF comprised 9.4% each. The district offices and local authorities are responsible
for managing a disaster at the district and sub-district levels. The remaining 17.3%, or
11 respondents, came from other agencies such as the Selangor Disaster Management
Unit (SDMU), Fire and Rescue Department Malaysia (FRDM), SWD, and Department of
Mineral and Geoscience Malaysia (DMGM). The study’s use of various respondents from
different agencies indicated that the data provided results that were significant, reliable,
and practical to apply. This is because all the respondents were directly involved in the
different stages of disaster risk management. Additionally, this use of respondents from
different agencies was also important in contributing varying viewpoints, which enhanced
the output of the questionnaire.

3.1. Multi-Hazard Framework

The multi-hazard component is based on the analysis from the methodology used
in phase 2 and phase 3. This multi-hazard framework was adapted from the study by
Barrantes (2018) but modified to suit Malaysian disaster conditions. The proposed model
combines the standardized individual hazards in the areas, based on the spatial overlapping
method. The mathematical formula for this model is presented in Equation (6).

MHV = [ IHVi × MFi ] max +
1

∑
≥ 0.5

HWij (6)

where MHV is the multi-hazard value, IHVi is the standardized individual hazard value
(0–1) of hazard i, MFi is the moderation factor hazard of hazard i, according to the frequency
of hazard occurrence, HWij is the spatial interaction between hazard i and j, and max is the
highest individual value natural hazard per pixel. The values of the individual hazards,
IHV, are normalized in the range from 0 to 1 before they are combined with the spatial
overlapping between hazards, HWij.

Based on Equation (4), hazard assessment consisted of two components: the modera-
tion factor for each hazard, MFi, based on the frequency of occurrences in Malaysia, and
the spatial interaction between hazards, HWij. Each hazard, IHVi, was assigned a modera-
tion factor, MFi, according to the frequency of occurrence, based on Malaysia conditions.
However, before each hazard was assigned a moderation factor, each hazard needed to
be standardized based on the level of intensity. The highest intensity was 1, while areas
with no disaster events were referred to as 0. Eight hazard types have historically occurred
in Malaysia over the past 80 years. These hazards were all classified into three types:
high, medium, and low frequency. The moderation factor was calculated according to
the possibility of a hazard occurring in the last 80 years. The high-frequency class had a
possibility of occurrence of once in 20 years and medium class events occurred once in
40 years, while low-frequency class occurrence was once in 80 years. The results for the
hazard frequency classification and moderation factor are shown in Table 4.

Table 4. Moderation factor assigned to each hazard class.

Frequency Hazard Moderation Factor Probability

High Flood 1 Once in 20 years

Medium
Landslide

0.5 Once in 40 years
Forest Fire

Low

Earthquake

0.25 Once in 80 years
Tsunami
Drought

Storm
Haze
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The possibility of spatial interaction between hazards was another factor that needed
to be considered in the multi-hazard assessment. Therefore, in this study, the spatial
interaction between hazards was determined based on expert judgment. The experts con-
sidered the potential occurrence of interaction between hazards in Malaysia, as discussed in
Section 2.2. These interactions were classified from values of 0 to 1, with a 0 value meaning
no interaction between hazards, even though they might occur in the same location. A
value of 1 meant the occurrence of a particular hazard depended on another hazard. Based
on expert judgment, six types of spatial hazard interactions existed between the eight
types of disasters in Malaysia. Landslides could be triggered by earthquake hazards or the
transfer of energy to floods. Meanwhile, flooding could occur because of a tsunami but a
flood event does not depend on the occurrence of a tsunami. However, a tsunami occurs
only with the occurrence of a large earthquake under the ocean floor. Another interaction
involves long-term drought, which could trigger a forest fire, while a long-lasting fire could
trigger haze in the surrounding area. The interaction HW was calculated only when spatial
interactions occurred between two or more hazards. If a hazard occurred in different spatial
areas, no relationship between hazards was listed. Experts gave the weight for possible
spatial hazard interactions, as shown in Table 5.

Table 5. The matrix with the weight of possible interaction between hazards.

Flood Landslide Forest Fire Earthquake Tsunami Drought Storm Haze
Flood - 0.75 - - -

Landslide 0.5 1 - 0.75 - - - -
Forest Fire - - 1 - - 0.5 - -
Earthquake - - - 1 - - -

Tsunami - - 1 1 - -
Drought - - - 1 - -

Storm - - - - - - 1 -
Haze - - 0.5 - - - - 1

3.2. Multidimensional Vulnerability Frameworks
3.2.1. Selection of Indicators

The multidimensional vulnerability framework developed in this study was expanded
from the MOVE theoretical framework, as mentioned in Section 2. Six dimensions were
included in this multidimensional vulnerability framework, with each dimension consisting
of several indicators, classified into representative factors based on the PCA (refer to
Table 6). The PCA process allowed a reduction in the number of indicators by combining
them into factors. This demonstrates a statistical approach to visualizing each vulnerability
indicator from a complex reality and to better understand the vulnerability indicators.

As stated previously, an initial total of 87 indicators were classified into six dimensions.
The number of vulnerability indicators was then reduced based on expert judgment and
the PCA process. Indicators with a frequency analysis mean value of more than 3.5 (the
average index method used expert judgment; see Appendix A) were selected for use,
leaving only 71 indicators to undergo the PCA process. In PCA, the numbers of indicators
and factors were selected based on the composition of factors with eigenvalues greater than
1 or a minimum cumulative variance of at least 60% [48]. Factors with only one indicator
were not included in the framework.

Therefore, every dimension contains a different number of factors, based on eigenval-
ues and cumulative variance percentage. All the factors selected in each dimension had
eigenvalues of more than 1. The social, economic, physical, and institutional dimensions
consisted of three factors, with 74.4%, 67.7%, 73.4%, and 78.7% of the cumulative variance,
respectively. Meanwhile, the environmental and cultural dimensions consisted of two
factors, with 68% and 74.9% of the cumulative variance, respectively. Table 6 shows the
eigenvalues and variance percentage composition factors for each dimension. The next
stage was to determine the selection of indicators for each factor in the vulnerability di-
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mension. The criteria for selecting indicators were that only indicators with factor loading
>0.6 were deemed usable and strong, while those with a factor loading of 0.3 to 0.49 were
considered weak [49]. Overall, the number of indicators remaining in the study was 54,
with each dimension having a different number of indicators.

Table 6. The composition of variance percentage principal factor in each dimension.

Dimension Factor Eigenvalues Variance % Cumulative %

Social
Social 1 3.252 31.0

74.4Social 2 2.393 24.2
Social 3 1.603 19.2

Economic
Economic 1 3.357 27.8

67.7Economic 2 2.484 21.8
Economic 3 1.167 18.1

Physical
Physical 1 3.954 33.2

73.4Physical 2 2.091 22.2
Physical 3 1.665 19.0

Institutional
Institutional 1 5.998 36.4

78.7Institutional 2 2.174 22.1
Institutional 3 1.560 20.2

Environmental
Environmental 1 4.155 47.5

68.0Environmental 2 1.197 20.5

Cultural 1
Cultural 1 3.901 48

74.9Cultural 2 1.176 26.9

Table 7 illustrates the list of vulnerability indicators identified in each dimension.
From the 54 indicators, the social dimension consisted of nine indicators, followed by
economic (10), physical (9), institutional (13), environmental (8), and cultural (7). The
indicator loading indicates the correlation among the indicators that formed the factors.
The indicator loading selection was based on loading >0.6, but if the indicators were
available in more than one factor, the highest loading was selected. The PCA allowed
a reduction in the number of indicators by combining them into factors. Moreover, a
statistical approach was demonstrated, which visualized each vulnerability indicator from
the complex reality to better understand this topic. After the classification of each indicator,
the factors were named based on the type of indicator in the factor. Overall, 16 factors
were produced, consisting of 54 indicators. The combination of factor loading was used to
name the vulnerability indicators to express the vulnerability dimension factors [37]. In
naming each factor, the research team attempted to incorporate the ideas within all the
factors that correlated to indicators. For example, factor 1 in the social dimension was
combined with a vulnerable group, while factor 1 in the physical dimension expressed
the telecommunication indicator. An overview of the suggested factor names is shown
in Figure 5.

3.2.2. Weighted Indicators

The selected indicators created different effects on the vulnerability assessment in
disaster risk assessment. Therefore, it was necessary to provide the weighting coefficient
for each dimension, component, and indicator. In this study, the approach used for the
dimension weighted coefficient involved the total score for a particular dimension set
against the aggregated total dimension score. For the factor and indicators, the weighted
coefficient determined the factor loadings since the area of each factor represented the
proportion of the total unit variance in the indicators that was explained by the factors. The
detailed equation used in the weighted coefficient calculation was discussed in Section 2.2.5.
The weight for each vulnerability dimension was obtained by first computing the total
score, which was the number of participants who chose the level of effects multiplied by its
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corresponding rating score. Then, the weight was computed by taking the total score of a
particular dimension over the aggregated total score for all the dimensions. Determining
the indicator weight was based on a multiplication of factor loading and mean to determine
the factor score. Then, the weighted indicator was computed from the particular indicator
factor score over the aggregated total factor score for all the indicators in the particular
factor. Thus, for the weighted factor, the coefficient values were determined from the total
indicator factor score for each particular factor over the aggregated total factor score in
the dimension.

Figure 6 shows the results from the computation of the weighted coefficient for
each factor, resulting from the expert opinion score and factor loading weighted score
calculation. The weighted coefficient value ranged between 0 and 1. For the vulnerability
dimension, four dimensions (social, economic, institutional, and physical) had value 0.2
weighted coefficients, with value 0.1 for the cultural and environmental dimensions. In
each dimension, the first factor had the highest weighted coefficient compared to other
factors because of the higher variance and number of indicators. If the number of indicators
was more than two, there were multiple correlations between the indicators. A factor with
only two indicators had a bilateral correlation.

Table 7. Indicators with factor loadings >0.6 of the PCA analysis.

Dimension Indicators
Factor Loading (Factor)

1 2 3

Social

Female population 0.811

Children population 0.943

Older population 0.899

Youth index 0.971

Aging index 0.969

Total population 0.706

Household size 0.767

Economic

Personal insurance 0.634

Local authority emergency fund 0.858

Financial provided by DRR 0.824

The economic incentive for DRR 0.677

Household saving 0.965

Range of income 0.723

Financial reserve (federal government to local authorities) 0.680

Economic activity 0.789

Percentage of households below the poverty level 0.755

Number of earning members in the household 0.663

Physical

Paying television channel 0.870

Internet 0.886

Mobile 0.909

Electricity 0.685

Water 0.919

Distance to medical facilities 0.918

The average age of the house 0.656

Building materials 0.872

Building type 0.864
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Table 7. Cont.

Dimension Indicators
Factor Loading (Factor)

1 2 3

Institutional

Early warning infrastructure 0.884

Emergency planning 0.744

Evacuation planning 0.843

Emergency drill training 0.671

Provide emergency planning to community leader 0.654

Training and education programs 0.718

Early warning dissemination 0.840

Emergency supplies 0.918

Emergency shelters 0.776

Regularly communication local government with community 0.693

Number of physicians 0.792

Number of nurses 0.783

Number of hospital bed 0.736

Environmental

Land use 0.640

Land-used change 0.831

Rainfall intensity 0.666

Heat spot 0.793

river quality pollution 0.732

Forest area 0.618

Water resources quality 0.635

Solid waste area 0.769

Cultural

Respond towards early warning system 0.879

Location of shelters 0.935

Evacuation routes 0.855

Knowing the institutions in charge of the emergency management 0.690

Community cooperation when facing disaster 0.673

Level of thrust in DRR programs and policies 0.972

Households not willing to go to a shelter 0.678

Next, in the social dimension, the vulnerable group factor had the highest weighted
coefficient value, 0.4, consisting of three indicators with differently weighted coefficient
values. Meanwhile, the other two factors had the same value, 0.3, the same number of
indicators, and the same indicators’ weighted coefficient. The attitude factors in the cultural
dimension had the highest weighted coefficient compared to the other factors, but the
cultural dimension weighted coefficient was lower than those for the social, institutional,
physical, and economic dimensions. In this study, the weighted coefficient approach
assigned the indicator weighted for every single indicator. The weight for each indicator
demonstrates its importance to the vulnerability assessment. The different weighted values
could result in an increase or decrease in the vulnerability assessment of the study area.
The detailed dimensions, factors, and indicator weighted coefficient values computed are
shown in Figure 5.
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3.3. Integrated Disaster Risk Assessment Framework at the Local Level

Multi–hazards and multi–vulnerability components are essential in explaining and
identifying the disaster risk in certain areas. A vital part of conducting an IDRA is data
availability. Some data from government agencies were not available for specific indica-
tors. Indicators, such as those for the cultural dimension, were often hard to obtain. In
addition, some data were only available at a specific data scale. For example, economic
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incentive data might only be available according to district boundaries, instead of on
a more localized administrative boundary scale. The development of an IDRA may be
presented and visualized in map form. Therefore, data acquisition and analysis in disaster
risk assessment requires geospatial data to provide better accuracy and detail. Localized
and high-resolution spatial-scale mapping of risk assessment is important for screening risk
areas and offering accessible output to decision makers, planners, and government agencies
so that risk can be evaluated [10]. Figure 6 shows the IDRA framework, incorporating the
multi-hazard and multidimensional vulnerability at the administrative boundary scale.

As stated earlier in the paper, the two main elements of the IDRAF are multi-hazards
and multi-vulnerability. The two main components of multi-hazards are hazards and
hazards’ spatial interaction. The hazard data for the hazard model were determined
either from historical data or predicted models. In Malaysia, related government agencies
provide data on a specific hazard, such as flood inundation maps. Records are produced
and recorded by the Department of Irrigation and Drainage, while landslide data and
records are produced and managed by the Department of Mineral and Geoscience (DMG).
NADMA, as a leading agency in disaster risk management, plays a vital role in combining
all the data in a multi-hazard assessment.

The multidimensional vulnerability assessment produced in this study contained
six dimensions, with each dimension comprising indicators classified into several factors.
At the local administration level in Malaysia, the data for vulnerability are available at
different administrative boundary scales. There are five different scales: household, mukim,
municipal, district, and state, with the smallest scale being household and the largest being
state level. Data based on the household scale could offer a detailed multidimensional
vulnerability assessment. However, the data scale preference depends on the availability of
the data. For example, social and economic indicators are accessible at the Department of
Statistics Malaysia, but data are provided only according to state or district levels. Informa-
tion such as building conditions (a factor within the physical vulnerability dimension) and
the cultural vulnerability dimension indicators are often not readily available. Therefore,
alternative sources would be beneficial, such as the use of satellite and land-use data
to evaluate and quantify building condition indicators. Such data may be obtained for
Malaysia from government agencies, such as the Department of Survey Malaysia and Plan
Malaysia. In addition, data sharing between government agencies is vital to making this
framework effective.

Cultural dimension indicators are currently unavailable from the government, al-
though they are needed in local research, as they could provide information about people’s
behaviors and attitudes towards disaster risk reduction programs and policies [50]. The
government should consider conducting vulnerability assessments on attitudes to and
perceptions of risk, based on a household survey (as used in the Census survey). An
alternative is to extract data from sources such as social media, newspapers, and search
engines. Risk perception, especially in multi-hazard conditions, is a more effective reflec-
tion of a vulnerability assessment [51]. Although the framework presented in this study
currently has limitations in terms of data scale, it undoubtedly benefits and improves local
level planning and disaster management. Risk assessment and reducing vulnerability are
effective measures to ensure disaster resilience and form part of the strategies planned for
the local level [52]. An integrated risk approach could lead to greater effectiveness of risk
mitigation and management methods, improved identification of action priorities, and
reductions in costs and multi-risk losses [24].

4. Conclusions

The development of the IDRAF idea was driven by two main components, multi-
hazards and multi-vulnerability, which were used to explain and interpret the definition
of risk. Eight hazards with different spatial interactions were included to complete the
framework based on historical disaster event data and expert judgment. A multi-hazard
assessment is appropriate for areas exposed to multiple types of hazards. The components
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were expanded from the MOVE theoretical framework for multidimensional vulnerability
assessment and analyzed through expert judgment and PCA. From the multidimensional
vulnerability characterization, 54 indicators were selected from a total of 86 and placed
into six dimensions. The PCA reduced the indicators by dividing them into several factors
for each dimension. Overall, each dimension, factor, and scale was assigned a weighted
coefficient value. The development of this IDRA for risk reduction was designed for local
assessment and conditions in Malaysia.

A basic limitation of this IDRAF involved the data for determining historical disaster
events in Malaysia because it allocates significant or major events for inclusion in the
database. Meanwhile, differences might be found between disaster management in Penin-
sular Malaysia compared with Sabah and Sarawak, because the latter states have greater
autonomy than the states in Peninsular Malaysia. Another limitation is the data availability,
in terms of readiness and scale, for use in multidimensional vulnerability assessment.
The choice of data scale was based on the availability of data, with some available at the
household level and some potentially available at the state level. However, if the data at
multiple scales are available in the long term, detailed assessment could be conducted at
a multi-level scale with more authentic situations. Furthermore, this approach requires a
higher degree of cooperation between governmental agencies, especially those involved in
disaster risk management.

The development of this framework is essential for the local government to use
in constructing disaster risk reduction strategies and policies, which should consider
multiple hazards with different dimensions of vulnerability. Mainstreaming the integrated
assessment framework could be difficult but it would contribute to all aspects of the
disaster management cycle. Despite the limitations of this framework approach, having
integrated risk information means the authorities from the local to national levels could
implement their disaster management programs for mitigation, preparedness, response,
and recovery. As an overall conclusion, it is hoped that this framework will provide
inputs to the government and assist in developing a more comprehensive approach for
multi-disaster risk management in Malaysia.
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Appendix A

Table A1. List of indicators with Mean values.

Indicator Mean Indicator Mean

Social Indicator Institutional

Female population 4.53 Early warning infrastructure 4.50
Children population 4.69 Emergency planning 4.37

Older population 4.71 Evacuation planning 4.35
Youth index 3.56 Emergency drill training 4.39

Ageing index 3.58 Provide emergency planning to community leader 4.08
Total population 4.53 Training and education programs 4.35

Average household size 3.90 Early warning dissemination 4.42
Density 4.81 Emergency supplies 4.52

Person with disability 4.35 Emergency shelters 4.47
Male population 4.16 Regular communication by local government with community 4.37

Middle age population 4.19 Number of physicians 4.71
Population growth 3.02 Number of nurses 4.58

Education level 3.02 Number of hospital beds 3.71
Literacy rate 3.16 Critical infrastructure protection measure 3.71
Rate of birth 3.16 DRR in land use planning policies 3.63
Rate of death 3.08 Adequate staff during emergencies 3.71

Foreign population 3.16 Local authority involvement in DRR planning 3.47

Economic DRR in environmental planning policies 3.45

Local authority emergency fund 3.95 Local authority knowledge in DRR 3.95

Financial provided by DRR 3.87 Physical

The economic incentive for DRR 3.94 Pay television channel 4.13
Saving 4.35 Internet service 4.13

Range income 4.53 Mobile phone communication 4.40
Financial reserve (federal government to

local authorities) 4.56 Electricity access 4.23

Economic activity 4.26 Water access 4.35
Percentage of households below the

poverty level 4.02 Distance to medical facilities 4.50

Number of earning members in
the household 4.11 The average age of the house 4.08

Properties’ insurance 4.26 Building materials 3.94
Unemployment rate 4.35 Building type 3.76

GINI coefficient 3.26 Road damage 4.5
GDP income 2.76 Damage based on land use 4.35

Personal insurance 4.31 Number of schools 4.32

Environmental Distance to evacuation centres 4.6

Land-use change 4.05 Government building 4.35
Rainfall intensity 4.23 Access to sanitization 3,26

Land use 4.63 Cultural

River quality pollution 4.27 Respond towards early warning system 4.63
Forest area 4.00 Location of shelters 4.69

Water resources’ quality 4.26 Evacuation routes 4.65

Solid waste area 4.19 Knowing the institutions in charge of the emergency
management 4.42

Air quality 3.72 Community cooperation when facing disaster 4.39
Environmental sensitivity 3.45 Level of trust in DRR programs and policies 4.21

Humidity 3.06 Households not willing to go to a shelter 4.23
Soil type 2.86 Disaster experience 4.65
Heat spot 4.35 Cultural conservation area 3.45

- Believe in indigenous knowledge 3.26
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