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Abstract: Monsoon floods that annually hit the east coast of Malaysia have brought a variety of
implications, especially for those who inhabit the most vulnerable areas. This study aims to find
the relationship between the socioeconomy of the community living and flood events in the district
of Pekan, Pahang. This involved geographic analyses which combined data on vulnerability index
components represented by Geographical Information System (GIS) mapping. A field survey was
conducted to assess the Livelihood Vulnerability Index (LVI), comprising major and sub-components
of vulnerability for ten sub-districts in Pekan. LVI mapping was performed for every major component
of the LVI with spatial data on the district. Households in the Gancung sub-district were found to
be more vulnerable to flooding impact, with a high exposure index (0.59), but reported a positive
vulnerability based on adaptive capacity (0.06). Penyur (0.51) was the most vulnerable and sensitive
in terms of food security during the flood season. LVI assessment in the Pekan district could be used
as an indicator to change livelihoods, survival food storage practices, and other preventive measures
in order to curb damages and injuries when annual flooding strikes in the future.
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1. Introduction

Flooding is a catastrophe that often strikes Malaysia. It can be said that flood events will happen
every year, especially during the monsoon season. The northeastern monsoon usually begins in
November and ends in late March. The eastern coastal states of Peninsular Malaysia are more affected
by wind, with speeds that can reach 30 knots or more during a strong air-cooled flight from the north
(cold-roaring) [1]. The states on the east coast of Peninsular Malaysia received an average amount
of rain during the early- to mid-northeastern monsoon. However, during the months of November,
December, and January, the maximum average rainfall causes disastrous floods [2]. Flooding is thought
to be one of the worst forms of disaster that could hit the country. The crash left the country devastated
by property damage, life loss, and money loss. The increase in vulnerability to flooding has increased
in significance over the last 20 years [3]. Flooding also damages productive agricultural land and
livestock [4]. These are important areas to mankind, and such events can put a hold on the earning
of livelihoods. When a flood occurs and these areas are affected, it damages the earning potential of
society for a certain amount of time [5].
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The concept of vulnerability to environmental change as an interconnected process affecting both
nature and culture and, in particular, poverty and lack of protection from environmental threats [6].
The Intergovernmental Panel on Climate Change (IPCC) defined vulnerability as a function of exposure,
sensitivity, and adaptive capacity [7,8]. First of all, the exposure defined by the IPCC is the nature
and degree to which a system is exposed to significant climate variation [8]. On the other hand,
exposure can also be described in terms of objects that can experience harm from natural disasters, and
includes physical and socioeconomic aspects both directly and indirectly [9]. In the context of this
study, the human population living in a floodplain is considered as social exposure (in terms of the
potential of mortality); and buildings and machinery are considered as physical exposure related to
economic damage. These two exposure components are combined and referred to as socioeconomic
exposure [10]. Secondly, sensitivity is defined as the degree to which a system is affected either by
perturbations or beneficially by climate-related stimuli [8,11].

Last but not least, the adaptive capacity is defined as the ability of a system to adjust to withstand
environmental hazards or policy reformation and to grow in its range of variability to cope with the
consequences [8,11]. Instead of actions to break down this vulnerability of the inferior group—that is,
the poorer parts of the social-ecological system—adaptive measures often reduce this vulnerability
through excellent governance institutions [12]. This vulnerability has regularly been assessed through
indices [13–17]. Most of the indices developed using socioeconomic and biophysical indicators were
transformed into components of exposure, sensitivity, and adaptive capacity [10,18]. Thus, the outcome
of the vulnerability assessment was mainly designed to particularly distinguish vulnerable people or
communities in a region [19].

In order to analyze the average ability of households to withstand shocks, the Livelihood
Vulnerability Index (LVI) approach was applied to assess the vulnerability of communities to flood
impacts [6]. The approach was designed to be flexible so that development planners can refine and
focus their analyses to suit the needs of each geographic area [6]. This study used the integration of
contributing factors to the composite index of LVI and IPCC to estimate the impact of flooding on the
community living in the flood-prone area. LVI–IPCC uses multiple indicators to assess the exposure
factor of households to natural disasters and climate variability components, socio-demographic
profiles, livelihood strategies, and social network characteristics which affect their adaptive capacity, as
well as current health, food, water resource, land, housing, finance, and income characteristics that
determine their sensitivity to flooding impacts. The LVI–IPCC framework is designed to provide a
practical tool for development organizations, policy makers, and public health practitioners to aid
in understanding the vulnerability of the community based on individual experiences during the
flood season.

In a flood study, the Geographical Information System (GIS) is an information system used to
interpret and manipulate data, as well as a source of information-based science communication to
help support the needs of consumers in vulnerable communities (flood victims), civil society, and
decision-makers, especially in the event of property destruction on a large scale [20]. The GIS was
designed with great support and has greatly contributed to the increase in accuracy in managing
predictions and preliminary flood disaster management practices [21]. The modern GIS contains
a database, a model, data display (in-space graphics) and analysis, decision support, and a user
interface [22–25]. The GIS approach is used to integrate various aspects related to flood disasters and
reduce potential threats and risks for future generations. It is very important that it is developed
as a comprehensive approach to manage disasters such as floods, whether seasonal floods or flash
floods, in areas that are always flood-hit areas [26]. This study focuses on the Pahang River Basin in
the decision-making process regarding the flood. The GIS built in this study is different from the GIS
for flood management commonly reported based on the prediction management and early warning of
floods. The GIS built here emphasizes socioeconomic data and the use of socioeconomic aspects in
order to assist in the decision-making process of flood risk management. The novelty of this study is
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the integrated vulnerability assessment mapping that was performed in Malaysia, since this is a new
angle of study.

This research aims to study the relationship between the socioeconomy of community living in the
flood-prone district in Pekan, Pahang, and flood events involving geographic analyses that combine
data on vulnerability index components represented by GIS mapping specifically in that area.

2. Materials and Methods

2.1. Study Area

Located along the eastern coast, Pahang is one of the worst-hit areas along the east coast of
Peninsular Malaysia. Annual floods take place around the Pahang River Basin, which is also the
largest catchment area in Pahang state, affecting the residents and economic activities in communities
living in Pekan up to the Temerloh district every year [27]. The flood in Pahang at the end of 2014 was
recorded as affecting a total of 116 villages, affecting approximately 80,000 people in the districts of
Pekan, Kuantan, and Temerloh (Figure 1) [28]. The flood situation in this position is capable of causing
severe consequences to the people living mainly in major towns along the Pahang River, especially in
Temerloh, Pekan, and Kuantan. All three of these major cities have been hit by massive floods that
have brought a variety of implications, especially to those living in the most vulnerable areas. The
Pekan district was selected to be the focus area of this study. It is divided into 11 sub-districts, namely
Penyur, Bebar, Pahang Tua, Pulau Rusa, Pulau Manis, Gancung, Pekan, Lepar, Temai, Langgar, and
Kuala Pahang (Figure 2). Pekan is a rural town with a total population of 105,822 residents [29] which
has increased more than 2% in recent years [30]. The majority of its residents belong to the middle-
and low-income groups. About 26.5% of the Pekan population were considered to have poverty status,
with a monthly income below the Poverty Line Income (PLI) of RM520 [28]. As the royal capital of
Pahang State, where major economic centers were situated along the coastline, the district’s economy is
dominated by its agriculture, forestry, and fishery sectors. Pekan district has the third-largest coverage
of oil palm plantations and the second-largest coverage of paddy fields in the State of Pahang. The
lowland and swamp area in the town of Pekan is easily flooded when heavy rains cause water spillover
from the Pahang River. Hence, communities in Pekan were the most affected among the surrounding
districts during the massive flood in the year 2014 [31]. It is reported that Pekan has the highest
numbers of victims compared with the other six districts that were flooded (Temerloh, Maran, Kuantan,
Bera, and Jerantut), with a total of 11,154 people affected, and an estimated value of RM58 million for
basic infrastructure and individual damage [4,28].

2.2. Household Surveys

The field survey was conducted in July 2019, and the primary source of the data came from people
living in the Pekan district. A questionnaire comprising 42 key variables (sub-components)—derived
from the 10 major components that were used in calculating the LVI—was designed, tested, and
administrated at the household level (Table 1) [27]. A total of 300 residents in Pekan were interviewed
referring to the flood events before the year 2019. The focus sample group of this research consisted of
the residents that were living in the area most likely to flood and had a different social group. Thus,
the sub-district Bebar was not included in this study, as their household was reportedly not affected
during the monsoon floods in the previous years.
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Table 1. Livelihood Vulnerability Index (LVI) major components and sub-components classified into Intergovernmental Panel on Climate Change (IPCC) contributing
factors of vulnerability for LVI–IPCC calculation.

IPCC Contributing Factors
to Vulnerability Major Components Sub-components Units

Adaptive capacity

Socio-demographic
profile

Dependency ratio Ratio
Percent of female-headed households %
Average age of female head of household count
Percent of households where head of household has not attended school %
Percent of households with orphans %
Percent of poor households (income below RM940) %
Average number of family members in a household count

Livelihood strategies

Percent of households with a family member working in a different community %
Percent of households dependent solely on agriculture as a source of income %
Percent of households with no job during flood season %
Average agriculture livelihood diversification index (range: 0.20–1) 1/#livelihoods
Percent of households without a non-agricultural livelihood income contribution %
Percent of households exploring NR (during flood seasons) %
Percent of households that fish (during flood season) %

Social network

Average money borrowing–lending ratio Ratio
Percent of households that receive help due to flooding %
Percent of households participating as volunteers during floods %
Percent of households that have not been participating in any organizations %
Percent of households that have not gone to their local government for assistance %
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Table 1. Cont.

IPCC Contributing Factors
to Vulnerability Major Components Sub-components Units

Sensitivity

Health

Average time to get to a health facility Minutes
Percent of households with a family member with a chronic illness %
Percent of households where a family had to miss work or school in the last 2 weeks
due to illness %

Percent of households with a family member who got ill due to flooding %

Food

Average crop diversity index 1/#crops
Percent of households that do not save food %
Percent of households that not cultivate 3rd crops %
Percent of households that do not sell/barter crops for other food supplies %

Water

Percent of households that utilize a natural water source %
Percent of households that do not have a consistent water supply %
Average time to water sources Minutes
Inverse of the average number of liters of water stored per household (range: 0–1) 1/Liters

Housing
Percent of households with non-solid houses (wood) %
Percent of households with houses not elevated by high ground to avoid floods %
Percent of households with housing affected by floods %

Land
Percent of households without ownership of the lands they live on (landless) %
Percent of households with small land area (0.1–0.5 ha) %

Finance & Income
Percent of households that borrow money %
Percent of households with income affected due to flooding %

Exposure Natural Disasters and
Climate Variability

Average number of floods in the past 7 years count
Percent of households with losses of physical assets (machinery) due to flooding %
Percent of households with injuries or deaths from natural disasters in the last 7 years %
Percent of households that did not receive a warning about flooding %
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2.3. LVI Calculation

This paper applied the composite index approach developed to assess LVI [6,32]. The LVI in
this study is comprised of ten major components—namely Socio-Demographic Profile, Livelihood
Strategies, Social Networks, Health, Food, Water, Housing, Land, Finance and Income, and Natural
Disasters and Climate Variability. Every major component consists of a small group of sub-components
(Table 1).

The indicators were selected based on a previous study by Hanh et al. (2009) [6] and the
IPCC (2001) [8]. The Socio-Demographic Profile is the first major component; it is comprised of the
quantification of the dependency ratio of the population—the percentage of households in which the
female is the head, their ages, whether they attended school or not, and lived with orphans and poor,
compared with the number of family members in a household. The Livelihood Strategies component
is based on the idea of normally adaptive responses to the key element. The major component of
Livelihood Strategies is measured from percentages of individual experiences of a household with
knowledge of and exposure to flooding. These strategies cover households with a family member
working in a different community, whether or not they depend solely on agriculture as a source of
income, and diversification of agriculture, such as animal husbandry and farming of natural resources,
as well as growing crops. The Social Network major component includes sub-components to calculate
the average of the ratio of the borrowing to lending of money of households, together with the
percentages of the households that received help or participated as volunteers during a flood, as well
as households that were not involved in any organization and did not go to their local government
for assistance during the flood. The Health component is evaluated from the average time taken
to reach a health facility, as well as the percentages of households with a family member having a
chronic illness and got sick due to flooding, with an average of two weeks before returning to school or
work. The Food major component is determined from the average of the sub-components that include
the crop diversity index, percentages of households that are unable to save food during floods, and
households that do not sell or barter crops for other food supplies. The Water major component is
counted from the percentages of households that utilized natural water sources and the average time
taken to get to the sources, households that do not have a consistent water supply, and the inverse of
the average number of liters of water stored per household (1/Liters). The Housing major component
is quantified by calculating the average of the following sub-components: Percentages of households
with non-solid wood, houses not elevated by high ground to avoid the flood, and the housing that is
affected by a flood. The Land major component is made up of two sub-components, which are the
percentages of households without ownership of the land on which they live and households with
a small land area. The Finance and Income major component encompassed two sub-components,
which are the percentages of households that borrow money and households whose income was
affected due to flooding. The last major component, Natural Disasters and Climate Variability, is
calculated with the average of the following sub-components: The frequency of floods encountered by
households in the past seven years, together with the percentages of households with injury or death
within that period, households that lost physical assets (house or machinery) due to flooding, and
households that did not receive a warning about flooding. Table 1 consists of a description of how each
sub-component was measured from the adaptation of various sources of survey design [6]. Differences
in every sub-component’s measurement needed to be standardized as an index. This standardization
is represented in Equation (1) below:

indexSd =
Sd − Smin

Smax − Smin
(1)
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where Sd is the model sub-component for district d, and Smin and Smax are the minimum and
maximum values for every sub-component, respectively. This is followed by calculating the average
for standardization of the sub-components using Equation (2):

Md =

∑n
i=1 indexSdi

n
(2)

where Md is one of the ten major components for district d, indexSdi is expressed as the sub-component of
index i, and n is the number of sub-dimensions in a major dimension of Md. The 10 major components
are Socio-Demographic Profiles (SDP), Social Networks (SN), Livelihood Strategies (LS), Health (H),
Food (F), Water (W), Land (L), Housing (Hou), Finance and Income (FI), and Natural Disaster and
Climate Variability (NDCV). Values for each of the ten major components for a region are calculated to
be averaged in Equation (3) to obtain the LVI for the district level:

LVId =

∑10
i=1 wMiMdi∑10

i=1 wMi

(3)

which gives:

LVId =
wSDPSDPd + wSNSNd + wLSLSd + wHHd + wFFd + wWWd + wLLd + wHouHoud + wFIFId + wNDCVNDCVd

wSDP + wSN + wLS + wH + wF + wW + wL + wHou + wFI + wNDCV
(4)

where LVId represents the Livelihood Vulnerability Index for district d, comprised of the weighted
average of the ten major components, and wMi is determined by a number of sub-components that
combine each of the major components and proportionately contribute to the overall LVI. LVI is scaled
from 0 (least vulnerable) to 1 (most vulnerable) for this study.

2.4. Incorporating the LVI–IPCC Framework Approach

This study applied the LVI–IPCC framework as the alternative approach developed by Hanh et
al., integrating the LVI method with the vulnerability-contributing factors defined by the IPCC [6]. The
sub-components detailed in Table 1 were used together with Equations (1), (2), and (3) to calculate the
LVI–IPCC. Major components of the LVI were merged and categorized with IPCC-defined factors in
Table 1, and are then calculated according to the Equation (5):

CFd =

∑n
i=1 wMiMdi∑n

i=1 wMi

(5)

where CFd reresents the contribution factor (exposure, sensitivity, or adaptive capacity) as defined by
the IPCC for district d, wMi is the weightage for every major component, Mdi is comprised of the major
components for district d, indexed by i, and n individually represents the number of major components
in their contribution factors. Once exposure, sensitivity, and adaptive capacity were calculated, the
three contributing factors were combined using Equation (6):

LVI − IPCCd = (ed − ad) ∗ Sd (6)

where LVI − IPCCd is the LVI for district d expressed using the IPCC vulnerability framework, ed is the
exposure score calculated for district d (corresponding to the Natural Disaster and Climate Variability
major component), ad is the calculated adaptive capacity score for district d (weighted average for
the Socio-Demographic, Social Networks, and Livelihood Strategies major components), and S is the
sensitivity score calculated for district d (weighted average of Health, Food, Water, Land, Housing,
and Finance and Income major components). The LVI–IPCC is scaled from −1 (least vulnerable) to +1
(most vulnerable). A total of 42 sub-component values were computed from the scored responses of
individuals in each community (Table 1). All individual scores were used for computing the values
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of the variable components for the community. After that, scores were verified with their respective
values, and all values were found to be significant at p < 0.05 by using the three-standard deviation
rule and a standard error of 0.1.

2.5. LVI Mapping Using GIS

In this study, ArcMap 10.5 software, Esri, Malaysia was used as a GIS platform to combine various
aspects of data information, such as spatial data on land use and topography gained from the Pekan
District Department and hydrological history data from the Department of Irrigation and Drainage [28].
Latitude and longitude coordinates of villagers’ houses surveyed in Pekan were also recorded during
fieldwork to form a single layer of household locations in GIS. Absent or invalid household coordinates
were removed during quality control procedures. Combined results from multiple layers in GIS
will eventually integrate with socioeconomic data from a questionnaire survey. LVI for every major
component were classified into four ranges of vulnerability from most invulnerable (0.000000–0.239500)
to most vulnerable (0.718501–1.00000), as shown in Table 2, and mapped respectively.

Table 2. LVI classified into four vulnerability ranges.

Classification Range

Most invulnerable 0.000000–0.239500
Not vulnerable 0.239501–0.479000

Vulnerable 0.479001–0.718500
Most vulnerable 0.718501–1.000000

3. Results

The sub-components indexed for each sub-district are presented in Table 3. Table 4 represents
the major components and the overall LVI for all 10 sub districts of Pekan (as Bebar sub-district is not
included in this study). The dependency ratio was the highest in the Pekan sub-district (1.44) compared
to the lowest in Pulau Manis (0.04). In general, the highest vulnerability on the Socio-Demographic
Profile index was shown by Pahang Tua (SDPPahang Tua 0.36), followed by Langgar (SDPLanggar 0.35),
Pekan (SDPPekan 0.34), Penyur (SDPPenyur 0.32), Kuala Pahang (SDPKuala Pahang 0.31), Lepar (SDPLepar

0.29), and Gancung (SDPGancung 0.28). Pahang Tua respondents reported the highest ages of female
heads of households with an average of 70.6 years, with 25% of households having a female head,
which is slightly lower than in Penyur (31.5%). On the other hand, the lowest vulnerability for the
same component is represented by Pulau Rusa (SDPPulau Rusa 0.24) with an average of 5.15 family
members in a household, which is still classified as vulnerable (Figure 3a).

Penyur showed the highest vulnerability on the Livelihood Strategies component (0.45), along
with Pulau Manis (0.41), Temai (0.38), Pahang Tua (0.38), Gancung (0.36), and Pulau Rusa (0.37). Kuala
Pahang had the lowest vulnerability index for this component (LSKuala Pahang 0.214), indicating that
this sub-district is not vulnerable.

Most of the sub-districts are highly vulnerable according to the Social Networks component
(Figure 3c). Pahang Tua, Penyur, Pulau Manis, Pekan, Lepar, and Temai were fully dependent on the
aid provided during the flood season. Furthermore, compared with the lowest vulnerability, shown by
Kuala Pahang (0.58), the highest vulnerability was represented by Penyur (0.80), which showed that
their households received the most help due to flooding, but 92.6% of households have not gone to
their local government for assistance.
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Table 3. Indexed sub-components and maximum and minimum values for 10 sub-districts in Pekan.

Major
Components Sub-Components Pahang

Tua Penyur Gancung Langgar Pulau
Manis Pekan Kuala

Pahang Lepar Pulau
Rusa Temai

Maximum
Value in all

Sub-Districts

Minimum
Value in all

Sub-Districts

Socio-Demographic
Profile

Dependency ratio 0.33 0.30 0.20 0.53 0.04 1.44 0.33 0.25 0.18 0.19 3 0

Percent of female-headed
households 25 31.50 27 31 23 14 30 20 5 8 100 0

Average age of female head of
household 70.60 59.50 51 61.60 50.10 61.60 62 63.30 41 60.50 71 0

Percent of households where
head of household has not

attended school
5 5 0 5 0 3.5 10 7 5 0 100 0

Percent of households with
orphans 5 7 7 13 15 0 5 0 0 12 100 0

Percent of poor households
(income below RM940) 45 49.30 60 33.70 30.80 27.30 45 30 20 28 100 0

Average number of family
members in a household 4.40 3 1.90 4.30 3 4.10 2.25 2.93 5.15 3.08 7 0

Livelihood
Strategies

Percent of households with a
family member working in a

different community
50 39.50 30 41 46 32 0 30 30 28 100 0

Percent of households
dependent solely on agriculture

as a source of income
20 16.50 23 5 23 3.5 20 13 25 0 100 0

Percent of households with no
job during flood season 25 36.55 20 20.15 46.20 7.35 0 3.30 30 60 100 0

Average agriculture livelihood
diversification index

(range: 0.20–1)
0.98 0.99 1 1 1 1 1 1 0.98 1 1 0.2

Percent households without
non-agricultural livelihood

income contributions
5 19.50 23.30 15.40 11.50 0 0 0 0 12 100 0

Percent of households
exploring NR (during flood

seasons)
15 4.75 3.30 2.65 19.20 46.65 5 0 5 12 100 0

Percent of households that fish
(during flood season) 30 34.05 33.30 20.15 19.20 2 0 23.30 50 32 100 0
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Table 3. Cont.

Major
Components Sub-Components Pahang

Tua Penyur Gancung Langgar Pulau
Manis Pekan Kuala

Pahang Lepar Pulau
Rusa Temai

Maximum
Value in all

Sub-Districts

Minimum
Value in all

Sub-Districts

Social Network

Average money
borrowing–lending ratio 1.25 1.21 1.2 1.15 1.46 1.26 0.90 0.88 1.35 1.18 2 0.5

Percent of households that
receive help due to flooding 100 100 96.70 92.35 100 100 70 100 95 100 100 0

Percent of households that
participate as volunteers

during floods
20 53.55 26.70 7.65 46.20 10 20 23.30 45 60 100 0

Percent of households that are
in any organizations 80 73.55 90 76.95 57.70 98 50 30 65 60 100 0

Percent of households that have
not gone to their local

government for assistance
70 92.60 90 76.95 69.20 32 90 86.70 95 76 100 0

Health

Average time to get to a health
facility 4.25 8.31 9.40 9.64 12.08 14.8 6.30 7.33 12.45 11.84 22 0

Percent of households with
family members with chronic

illness
65 36.80 46.70 61.45 42.30 27.35 70 43.30 40 36 100 0

Percent of households where a
family member had to miss
work or school in the last 2

weeks due to illness

30 36.55 56.70 25.15 69.20 16 0 40 25 40 100 0

Percent of households with a
family member contract an

illness due to floods
15 21.55 10 27.75 34.60 5.35 25 0 10 16 100 0
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Table 3. Cont.

Major
Components Sub-Components Pahang

Tua Penyur Gancung Langgar Pulau
Manis Pekan Kuala

Pahang Lepar Pulau
Rusa Temai

Maximum
Value in all

Sub-Districts

Minimum
Value in all

Sub-Districts

Food

Average crop diversity index 0.20 0.41 0.20 0.33 0.25 0 0 0.50 0.33 0.33 0.5 0

Percent of households that do
not save food 75 100 96.70 97.50 80.80 100 60 100 100 76 100 0

Percent of households that do
not cultivate 3rd crops 80 97.50 93.30 97.50 96.20 100 100 100 90 100 100 0

Percent of households that do
not sell/barter crops for other

food supplies
65 92.75 90 94.85 69.20 100 85 83.30 75 76 100 0

Water

Percent of households that
utilize a natural water source 10 71.30 80 5.25 11.50 0 10 73.30 35 12 100 0

Percent of households that do
not have a consistent water

supply
20 21.55 0 5 23.10 36.65 0 96.70 10 20 100 0

Average time to get to water
sources 0.78 20.68 6 2.41 4.15 24.66 1.5 11.67 0.13 9.08 49 0

Inverse of the average number
of liters of water stored per

household
(range: 0–1)

0.19 0.08 0.05 0.22 0.01 0.82 1 0 0.19 0.07 1 0

Housing

Percent of households with
non-solid houses

(wood)
15 11.90 3.30 36.60 11.50 16 0 3.30 20 24 100 0

Percent of households with
houses not elevated by high

ground to avoid floods
20 60.1 56.7 25.25 46.2 94 25 30 60 28 100 0

Percent of households with
housing affected by floods 65 75.60 50 61.20 76.90 6 95 83.30 60 92 100 0
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Table 3. Cont.

Major
Components Sub-Components Pahang

Tua Penyur Gancung Langgar Pulau
Manis Pekan Kuala

Pahang Lepar Pulau
Rusa Temai

Maximum
Value in all

Sub-Districts

Minimum
Value in all

Sub-Districts

Land

Percent of households without
ownership of the lands they

live on (landless)
15 21.50 9.90 15.25 38.50 29.35 30 16.63 5 12 100 0

Percent of households with
small land area

(0.1–0.5 ha)
65 56.55 93.30 51.20 50 76.65 85 36.30 40 80 100 0

Finance & Income

Percent of households that
borrow money 25 21.65 23.30 17.75 46.20 11.35 10 10 40 24 100 0

Percent of households with
income affected due to floods 25 36.55 20 20.15 46.2 7.35 0 3.30 30 60 100 0

Natural Disasters
and Climate
Variability

Average number of floods in
the past 7 years 2.15 0.73 3.57 2.06 2.69 1.42 6.50 2.20 2.45 3.44 7 0

Percent of households with
losses to physical assets

(house/machinery) due to
flooding

25 36.20 33.30 20.15 61.50 10 35 50 20 16 100 0

Percent of households with
injury or death from natural
disasters in the last 7 years

5 0 0 0 3.80 0 0 0 0 4 100 0

Percent of households that did
not receive a warning about

flooding
0 16.90 0 2.65 0 6 0 3.30 10 16 100 0
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Table 4. Indexed major components and overall LVI for 10 sub-districts in Pekan.

Major Component Pahang Tua Gancung Penyur Pulau
Manis

Kuala
Pahang Lepar Pulau Rusa Langgar Temai Pekan

Socio-Demographic Profile 0.36 0.28 0.32 0.26 0.31 0.29 0.24 0.35 0.26 0.34

Livelihood Strategies 0.38 0.36 0.45 0.41 0.21 0.27 0.37 0.32 0.38 0.30

Social Network 0.70 0.76 0.80 0.74 0.58 0.59 0.78 0.66 0.75 0.64

Health 0.32 0.39 0.38 0.50 0.31 0.29 0.33 0.39 0.36 0.29

Food 0.65 0.80 0.93 0.74 0.61 0.95 0.82 0.89 0.79 0.75

Water 0.12 0.24 0.41 0.11 0.28 0.48 0.16 0.09 0.14 0.42

Housing 0.33 0.36 0.49 0.45 0.40 0.38 0.46 0.41 0.48 0.38

Land 0.40 0.51 0.39 0.44 0.57 0.26 0.22 0.33 0.46 0.53

Finance and Income 0.25 0.21 0.29 0.46 0.05 0.06 0.35 0.18 0.42 0.09

Natural Disasters and
Climate Variability 0.15 0.59 0.15 0.26 0.32 0.21 0.16 0.13 0.21 0.09

LVI 0.38 0.45 0.47 0.43 0.35 0.39 0.39 0.78 0.41 0.61
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This situation can be seen from the sub-components with 0% of households with a family member
working in a different community, and none of their jobs affected during a flood. In addition, households
without nonagricultural livelihood income contributions and households that fish during flood season
each show percentages of zero (Figure 3b). The overall Health vulnerability score for Pulau Manis (0.50)
was the highest when the sub-components were combined. About 34.6% of Pulau Manis households
reported that their family members were affected with illnesses during flood season. On the contrary,
none of the family members living in Lepar were affected by illnesses during flood season. Thus, Lepar
(0.29) was the least vulnerable, as shown in Figure 4a.

Almost all households from sub-districts in Pekan reported struggling to find adequate food for
their families during a flood (Figure 4b). Thus, the Food vulnerability index scored the highest among
the major components (Table 4). All family members in Penyur, Pekan, Lepar, and Pulau Rusa are
unable to save food during flood season.

Three sub-districts are categorized as the most vulnerable for the Water vulnerability component
(Pekan 0.48, Lepar 0.42, Penyur 0.41). Pekan households reported that they took an average of 24.66
min to get water resources. The highest average time taken to collect water resources reflected the
highest amount of water stored per household in the Pekan sub-district (0.82) compared to other areas
(Table 3). On the other hand, Pulau Rusa (0.16), Temai (0.14), Pahang Tua (0.12), Pulau Manis (0.11),
and Langgar (0.09) have the lowest Water vulnerability scores and are classified as not vulnerable
(Figure 4c).

In general, the Pekan district is classified as vulnerable according to the Housing vulnerability
index (Figure 4d). Almost all houses in the Pekan district were affected by the flood. However, only
6% of households in the Pekan sub-district did not have housing affected by flooding; thus, 94% of
their houses are not elevated by high ground to avoid flooding (Table 3).

Nevertheless, only Lepar and Pulau Rusa are categorized as not vulnerable; the sub-districts
scored 0.26 and 0.22, respectively, for the Land vulnerability component (Figure 4e). In 8 out of the 10
sub-districts (excluding Lepar and Pulau Rusa), more than half of the households reported having
small land areas (0.1–0.5 ha).

Pulau Manis (0.46), Temai (0.42), and Pulau Rusa (0.35) scored the highest vulnerability indexes
for the Finance and Income component, followed by Penyur (0.29) and Pahang Tua (0.25). About
46.2% of Pulau Manis households borrowed money because their income was affected by a flood.
However, Gancung (0.21) and Langgar (0.18) scored a lower vulnerability index which is classified
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as not vulnerable, followed by Lepar (0.06), Kuala Pahang (0.05), and Pekan (0.09), that showed the
lowest vulnerability scores (Figure 4f).
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Gancung showed the highest vulnerability for the Natural Disaster and Climate Variability
component (0.59), followed by Kuala Pahang (0.32). Generally, both sub-districts receive a warning
about floods during the flood season (Table 3). However, the other sub-districts scored a lower
vulnerability index and were classified as not vulnerable (Figure 5).
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Finally, Langgar sub-district had a higher overall LVI (0.78), which shows a relatively greater
vulnerability to flooding impacts. The results of the indices of the major components are presented
together in a spider diagram (Figure 6). The scale of the diagram ranges from 0 (not vulnerable) at
the center of the web, with a 0.2 unit gap, to the highest unit (1) ranked as the most vulnerable at the
outside edge.
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Figure 6. Spider diagram of vulnerability in terms of the 10 major components of the LVI for 10
sub-districts of Pekan.

However, the initial readings of the findings suggest little difference between the two LVI
approaches. The overall LVI for sub-districts Langgar and Kuala Pahang are 0.78 and 0.35, respectively
(Table 4). Further calculation found that the LVI–IPCC indices generated by Gancung and Penyur are
0.06 and -0.17, respectively (Table 5).

Table 5. LVI–IPCC contributing factors values for 10 sub-districts in Pekan.

IPCC Contributing
Factors to Vulnerability

Pahang
Tua Gancung Penyur Pulau

Manis
Kuala
Pahang Lepar Pulau

Rusa Langgar Temai Pekan

Adaptive capacity −0.10 0.06 −0.17 −0.08 −0.01 −0.07 −0.11 −0.12 −0.09 −0.14
Sensitivity 0.35 0.43 0.51 0.45 0.38 0.46 0.41 0.41 0.44 0.43
Exposure 0.15 0.59 0.15 0.26 0.32 0.21 0.16 0.13 0.21 0.09

LVI–IPCC −0.10 0.06 −0.17 −0.08 −0.01 −0.07 −0.11 −0.12 −0.09 −0.14

Figure 7 shows a vulnerability triangle that plots the contributing factor scores for exposure,
adaptive capacity, and sensitivity. The triangle indicates that Gancung may be more vulnerable to
flood impacts with its exposure index (0.59) compared to Pekan sub-district. Gancung also showed the
highest adaptive capacity (0.06) based on demographics, livelihoods, and social networks. However,
Penyur showed the highest sensitivity in terms of flood impacts relating to its land and food security.
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of Pekan.

4. Discussion

This paper discussed the indices that represent relative values and are compared across the
whole of Pekan district in Pahang within the study sample. In general, all sub-districts in Pekan were
vulnerable in terms of the Socio-Demographic Profile index. At least 5% of households have a female
head with an average age of 41 years old, showing that the population of this district is the most
vulnerable to flooding.

Kuala Pahang sub-district was not exposed to vulnerability, as it has the lowest vulnerability
index for the Livelihood Strategies component. It can be seen from Figure 2 that the Pahang River does
not flow directly across this sub-district as it is near to the coast. As parts of Livelihood Strategies,
households’ knowledge of and exposure to natural disasters were different depending on individual
experiences. These strategies include a lack of family members migrating to other areas, depending
solely on agriculture as a source of income, and the diversification of agriculture. Households in Pekan
district were more likely to have diversification strategies, such as growing crops, animal husbandry,
and farming natural resources, which shows their livelihood diversification instead of relying solely
on agriculture income during flood season.

Most of the sub-districts in Pekan are highly vulnerable according to the Social Networks
component (Figure 6) [27]. Pahang Tua, Penyur, Pulau Manis, Pekan, Lepar, and Temai were fully
dependent on the aid provided during flood season. Pahang River overflows during floods, limiting
respondents’ movements to go to their local governments for assistance. Moreover, the highest
vulnerability was shown by Penyur (0.80), with 92.6% of households not having gone to their local
government for assistance, since borrowing from relatives and close friends—rather than from the
community—is more convenient [27]. Good social networking also seems to ease the impact of climatic
stresses on individual households [33].

Health vulnerability in the Pekan district is relatively low (Figure 6). Although households
reported that they suffer from health issues arising from flooding, such as coughs and colds, flu, fever,
sore throats, and headaches, the time to reach a health facility was only 14.8 min with an average
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distance of 5.6 km [34] (Table 3). This shows that decent access to health care is vital in improving
socioeconomic development, thus lowering the vulnerability of the community.

Most of the residents rent or live in homes inherited to them. Their houses are built from wood
that is often used in building traditional villages. This kind of house is highly vulnerable to flood
damage as years pass [28]. Furthermore, an average of about 44.53% of Pekan households live in
houses that are not elevated by high ground. This number should be reduced, as it has been found
that houses in Pekan district were mostly affected by floodwater rising up to 8 feet high [35]. Thus,
building a house on high ground is recommended to lower household vulnerability in terms of flood
events in the future.

This study also identified that non-landowners have limited access to the formal safety nets and
other entitlements, making them highly vulnerable [27]. Since Pekan is considered a rural district,
most of the households reside in houses on small pieces of land of about 0.1–0.5 ha. Thus, they opted
not to plant crops, as they only have limited space for livelihood. This situation explains the high
vulnerability index for the Land components. Moreover, most Pekan households traditionally reside
close to the Pahang River banks, so their main source of income has a higher chance of being affected
by flooding [28,36]. Thus, crop planting is not their main option for growing survival food, as it will
only get damaged during flood season. Furthermore, Penyur sub-district comprises two small islands
situated on the huge Pahang River. Thus, limited resources on the islands made it tougher for their
households to obtain food during flood events.

Last but not least, although Gancung households reported the highest vulnerability score for
the Natural Disasters and Climate Variability component, Kuala Pahang had twice the number of
houses hit by floods compared to Gancung in the past seven years. The lower elevation in Kuala
Pahang reflected this situation, with 35% of households reporting that their houses and machinery
were damaged due to flooding, but no injury or death was announced.

Bebar sub-district was not included in the survey, as it was not affected by monsoon floods during
previous years. This is because the Bebar Rivers flow from the coast and are not connected to the
Pahang River, as shown in Figure 2. Since Bebar is only affected by coastal flooding, it is not considered
vulnerable to monsoon flooding. Thus, this study could be extended with broader criteria for assessing
vulnerability of the socioeconomy of a community that is affected by other types of flooding.

Basically, those who are living in natural disaster areas such as a river basin affected by flooding
are naturally exposed to the hazard [37]. However, since Pekan district has a large coverage of oil palm
and paddy plantations, a huge land clearing should be scaled down for agriculture [38]. Further land
clearing for economic growth other than agriculture in Pekan—such as industrial parks—is expanding
at a higher rate [39]. Infrastructure development during the urbanization process in this district is also
one of the factors that lead to the increase of stagnant water during flood season. Improved facilities
catalyzed population growth, thus increasing demand for a comfortable livelihood and increasing the
pressure for development growth within this district [40]. This situation creates the utmost conflict
within Pekan district, where further land clearing has exposed households living at the lowland and
swampy areas of this district, which are highly vulnerable when the Pahang River water overflow
during heavy rains. This situation can get worse over time where economic liabilities are rising, leading
to higher socioeconomic exposure and eventually increased vulnerability of the community. In addition,
land degradation at the uphill and sensitive areas of Pahang State also contributes significantly to the
increased sedimentation and higher stream runoff, thus increasing the lower river-line floods which
are supposedly responsible for the considerable socioeconomic consequences [40].

Generally, the whole Pekan district is exposed to high socioeconomic vulnerability due to the low
capacity to adapt after a monsoon flood event. Thus, the findings reported in this paper will help in
distinguishing hot spots to support policymakers, public authorities, and responders, as well as in
guiding towards implementing proper risk management policies and measures in rural development
planning [41]. Further development in the floodplain of Pekan district should be slowed down, as the
management strategies for reducing socioeconomic exposure to the flood damage limit the number
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of households and property within Pahang River Basin over time. Strict enforcement on buildings
and infrastructure, such as tougher building materials, elevated structures, and flood proofing, is also
required as an alternative to flood risk mitigation for the community.

5. Conclusions

This study involved the LVI assessment of the socioeconomic impact on the flood-prone districts
in Pekan, Pahang integrated with index map layering. The LVI–IPCC was applied to assess the relative
vulnerability of communities to flood impacts. The LVI index used in map layering was found to
be useful in measuring the livelihood vulnerability in terms of socioeconomy of households with
spatial data incorporated so that changes in livelihoods, food storage behavior, and other long-term
survival activities can be conducted. Spider and triangle diagrams that were built to compare the
vulnerability scores between sub-districts found that Pekan district was the most vulnerable due to
high exposure to flood impact. We also discovered that networking in their society was relatively high,
and contributes largely to the adaptive capacity of the community, leading to positive vulnerability
scores. This research suggests that the strong bond within the community helps to reduce stress and
trauma during the flooding season. Furthermore, Pekan district was found to be more sensitive to
food storage, which adds up to a higher vulnerability during floods. Early preparation by storing
food and livestock is important, as food security is able to enhance a household’s resilience to external
stress and shock due to extreme climatic events. Therefore, it is crucial for scaling down vulnerability,
which is determined by sensitivity and the ability of the community to withstand risk through their
adaptive capacity. Integrating better flood mitigation actions with sustainable land-use policy for
further development will help to combat socioeconomic vulnerability within the river basin to enhance
the sustainable livelihood of the floodplain community.
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