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ABSTRACT

Floods have frequently and severely impacted Peninsular Malaysia's East Coast region in
recent years, with Pahang being the worst hit during the 2021 flood event. Therefore, this
study was carried out to determine the characteristics and patterns of previous flood
events in two districts in Pahang, namely, Temerloh and Kuantan, and to investigate the
effects of floods. Both quantitative and qualitative data from secondary sources are
utilized in this study, where qualitative data from a literature review are used to clarify
and interpret the findings of the quantitative data analysis of the DID annual flood report.
According to the findings, floods occurred annually in both districts, excluding 2016,
when Temerloh did not record any flood events. The flood depth reported ranged from 1
to 2 meters and lasted approximately a day. Furthermore, Pahang experienced both types
of floods: monsoon and flash floods. Floods have forced locals to evacuate to flood relief
to seek shelter, food, and aid supplies. Therefore, this study serves as a preliminary
investigation of the flood events that occurred in Pahang. Understanding flood trends and
their consequences is essential for a variety of purposes, including urban planning and
flood management by stakeholders.
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INTRODUCTION

Natural disasters have an adverse economic impact and destroy infrastructure,
interrupting livelihoods, essential services, and health care. Floods are one of the most
common natural catastrophes caused by excessive rainfall, fluvial floods, and high tides
due to storm surges. However, anthropogenic activities such as channel blocking,
deforestation in headwater regions, the ineffectiveness of flood-prevention measures, and
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improper land use can also contribute to it (Hountondji et al, 2019; Aroua, 2020; Remini,
2020; Hafnaoui et al., 2022; Tingsanchali, 2012; Zhang et al., 2023). River floods are a
severe threat to millions of people who live in river basins around the world. The current
scenario is more worrying, as flood hazards and impacts are expected to worsen in many
parts of the world. Due to climatic and socioeconomic changes, flooding hotspots are
predicted to occur in Asia and Africa in the future (Merz et al., 2021). This is
demonstrated by referring to the Clausius-Clapeyron (CC) relation: according to it, a
warmer atmosphere caused by climate change can store more moisture. Indeed, the
atmosphere can hold approximately 7% more moisture for every degree of warming
(Fischer and Knutti, 2016). Furthermore, changes in the water balance caused by land
use, land cover, and climate change in tropical countries not only cause water scarcity
during extended dry seasons but also increase flood risk due to increased rainfall intensity
(Liew et al., 2021). Due to severe rainfall amplification, flooding may become more
intense and frequent and will have a negative impact on human communities, aquatic and
terrestrial ecosystems, and the economy (Tabari, 2020). Thus, Malaysia, one of the Asian
countries located in a tropical region, faces a high flood risk, particularly in light of
climate change.

Malaysia has an equatorial climate due to its location near the equator. The equatorial
climate is typically hot and extremely humid, with an average annual rainfall of 2500 mm.
In addition, Malaysia is directly influenced by two monsoon seasons: the southwest
monsoon and the northeast monsoon (Safiah Yusmah et al., 2020; Tew et al., 2022). The
Northeast Monsoon is normally around November to March, whereas the Southwest
Monsoon is normally around April to September. Of the two systems, the northeast
monsoon is more intense (Ziarh et al., 2021). Thus, with annual heavy monsoon rains of
more than 3000 mm and such a large flood-prone region, flood risk is high, particularly
in riverine areas and coastal flat lands. The flood-prone zones in Peninsular Malaysia are
primarily on the east coast and in the west. Meanwhile, flood-prone regions in Sabah are
in the east and north, while flood-prone areas in Sarawak are in the east and west (Abd
Majid et al., 2021). There have been a series of flooding events reported in Malaysia since
1971 (Alias et al., 2019; Chan, 2014; Ghani et al., 2012).

The recent flood of 2021-2022 was reported to be one of the most devastating floods in
Malaysia. The flood was caused by unusually heavy precipitation from mid-December
2021 to early 2022. Surprisingly, Peninsular Malaysia's west coast, which typically
experiences dry conditions during this time, was also affected by extreme events (Tew et
al., 2022). It affected 60 districts across 11 states. Selangor, Pahang, Melaka, Negeri
Sembilan, Johor, W.P. Kuala Lumpur, Kelantan, Sabah, Perak, Terengganu, and Sarawak
were among the states affected. According to the special report released by the
Department of Statistics Malaysia (DOSM), the 2021 flood has resulted in total losses
that reach up to RM 6.1 billion. Pahang state was reported to be the state with the second-
highest loss after Selangor (RM 3.1 billion), with RM 593.2 million losses throughout the
whole state (DOSM, 2022). In addition, among the other states, Kelantan had the most
land that was inundated, whereas Pahang had the most people evacuated due to the flood
(Tew et al., 2022). As a result of its vulnerability to flooding, particularly when it was
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found to be one of the most vulnerable states in terms of losses and population relocation
in the recent 2021 flood, a number of studies have been conducted in Pahang by previous
researchers.

Existing studies that have been conducted within the Pahang River basin have focused
more on local community preparedness strategies as well as vulnerability and resilience;
the Temerloh and Kuantan districts have been extensively studied by previous researchers
due to their frequent flooding (Alias et al., 2018; Lam and Chow, 2022; Mohd Idris et al.,
2018; Safiah Yusmah et al., 2020). From the studies, it is found that flood risk
management in Malaysia is divided among the federal government, the state government,
and the district government. The National Disaster Management Agency (NADMA), the
local authority, the Malaysia Civil Defense Force (APM), and the National Security
Council (NSC) are among the flood-related government agencies in Malaysia (Mabahwi
and Nakamura, 2020). Despite the current system, nongovernmental organizations and
the community itself play important roles in flood management strategies. Among the
initiatives that have been undertaken by the locals are preparing the boat, elevating the
house’s structures to a higher level from the ground, relocating to a new settlement,
reinforcing the structural building with concrete, and keeping the ditches clean to prepare
for seasonal floods (Alias et al., 2018; Mohd Idris et al., 2018). In addition, other studies,
such as the potential flood drivers and flood mapping, have also been conducted in the
districts (Elfithri et al., 2017; Ghani et al., 2012; Maria et al., 2014). However,
fundamental information, such as studies on previous flood patterns and characteristics,
remains lacking.

Flood information and trends are crucial for optimizing our response and should be
included in design and safety guidelines. Understanding prior flood patterns and
characteristics is necessary for forecasting and managing future floods. However, existing
trend and pattern research is largely focused on climate change trends, extreme rainfall
patterns, and flood risk index patterns (Othman et al., 2016; Saudi et al., 2018; Tang,
2019). Therefore, the purpose of this research is to fill gaps in current studies on flood
patterns, particularly in Pahang. The objectives of this study are as follows:

e To determine the flood characteristics and patterns of previous floods in
Temerloh and Kuantan

e To identify the effects of floods on locals

MATERIAL AND METHODS

This study was based on secondary research, where both qualitative and quantitative data
collected from secondary sources were utilized to analyze the previous flood scenarios in
Pahang, specifically in the Kuantan and Temerloh districts. Using the explanatory-
sequential approach, qualitative data from the literature review were used to interpret and
further clarify the findings of the quantitative data analysis of the flood report. The
method used in this study is summarized in Figure 1.
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Figure 1: Methodology Flowchart

All the data collected and analyzed in this study are mainly from the secondary sources
provided through reliable sources. The main source of this study is the annual flood report
published by the Department of Irrigation and Drainage Malaysia (DID), which was made
available online through their website (https://www.water.gov.my/). Using the flood data
provided in the report, this study focuses on analyzing the characteristics and trends of
flood occurrences that occur in Pahang states, specifically in Temerloh and Kuantan. In
addition, online newspaper and journal articles that are relevant to the topics were also
used in this study to examine how floods affect locals.

Samples

To comprehend the trends of prior flood occurrences, flood data between 2016 and 2021
for the districts of Kuantan and Temerloh were obtained from the DID annual flood
reports (2016-2021). The type of data retrieved from the flood report includes the flooding
frequency, maximum flood depth and period, number of evacuees, and flood type.

Study Area

Pahang, which is situated on Malaysia’s eastern coast, is the largest state in Peninsular
Malaysia. It is one of the states that is most susceptible to flooding, and it was also one
of the hardest hits during catastrophic floods that hit several states in Peninsular Malaysia
in 2021 (DOSM, 2022; Tew et al., 2022). The Pahang River basin is the most important
catchment area of Pahang state, and the primary river is the Pahang River, which flows
for 440 kilometers, covers approximately 29,300 km? of catchment area and is the longest
river in Peninsular Malaysia (Elfithri et al., 2017; Ghani et al., 2012). The catchment area
includes seven districts in Pahang (Maran, Jerantut, Bentong, Lipis, Temerloh, Bera, and
Cameron Highlands), one subdistrict in Kuantan, eleven subdistricts in Pekan, and two
districts in Negeri Sembilan State (Jelebu and Kuala Pilah). During the northeast
monsoon, the Pahang Basin experiences a significant amount of precipitation, which
contributes to flooding incidents along the river in the basin.

Despite the fact that the state has several flood-prone areas, this study only focuses on
two districts in Pahang, namely, Kuantan and Temerloh. This is because, in addition to
having a significant impact on the lives and economic circumstances of residents in both
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districts almost every year, both districts were also reported to be among the worst hit in
Malaysia’s most recent flood occurrences in 2021 (Lam and Chow, 2022; Tew et al.,
2022). Therefore, a study of flood patterns and consequences in these two districts is
critical for designing better flood management in both districts that can later be replicated
in other districts in the state, as well as for implementation at a higher level, such as the
national level, in the future.

Kuantan is one of the most flood-vulnerable areas of peninsular Malaysia; it is the state
capital of Pahang and located near the mouth of the Kuantan River. The Kuantan River
Basin is the crucial watershed that passes through Kuantan State and is responsible for
flooding. This is due to spillovers of river flow that inundate the surrounding flood plain
and low-lying areas during the wet season (Maria et al., 2014). There have been a number
of major flood events reported in the Kuantan River in recent decades, causing significant
damage to properties, infrastructure, and buildings. In addition, Temerloh and its
surroundings are also particularly vulnerable to flooding due to their location at the
confluence of the Pahang and Semantan rivers. Temerloh is the second-largest city in
Pahang after Kuantan, and it is situated in the heart of Pahang (Parvin et al., 2021). Most
residential areas are in the lowland and floodplain regions, where irrigation systems are
poor, particularly in large residential areas. A map of the study area is depicted in Fig. 2
below.

Study Area Map

l:l Kuantan
l:l Temerloh

0 M25 225 450 675 900
—-— Kilometers

Figure 2: Study Area Map
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Data Analysis

The flood characteristics and trends are analyzed using simple graphs and tables. The
flood scenarios from 2016 to 2021 in Kuantan District are compared and analyzed with
those in Temerloh using line and bar chart graphs. Some of the graphs also included flood
data from the entire state of Pahang to show the significance of floods in both districts in
relation to the state’s flood scenarios.

RESULTS AND DISCUSSION
Flood Characteristics and Patterns

To understand past flood patterns and characteristics in the study area, first, the frequency
of flood events reported in Kuantan and Temerloh districts, as well as in Pahang, were
extracted from the flood reports. The analysis also included data from the overall state of
Pahang to determine how much flooding in both districts contributed to and influenced
the number of overall flooding events in Pahang. According to the findings shown in Fig.
3, Pahang has recorded a total of 573 flood events over the last six years, with Kuantan
reporting 80 and Temerloh reporting 108. The total number of flood occurrences recorded
in both districts was observed to exceed 30% of the total number of flood events recorded
in the state. This finding is very interesting given that a very high number of flooding
events were reported just from these two districts in a state with a total of 11 districts. As
a result, these two districts are considered to be among the districts in Pahang that have
the most flood-prone areas. To develop a flood plan that will aid in managing floods and
their effects in the states, particularly in these two districts, further identification of flood-
prone areas in these districts is needed, and some information from past flood patterns
may help in the process.

These flood patterns in the study area may be seen in Fig. 3 for the previous six years.
From the findings, floods have been reported to occur annually in both districts, excluding
2016 when Temerloh did not report any flood events. Thus, flooding is considered an
annual occurrence in both districts and should not be taken lightly by the authorities or
the community. Proper planning and preparation for upcoming flood events may help to
reduce losses and damage. Moreover, 2017 witnessed the highest number of flood events
in Pahang as well as in Temerloh. Fortunately, in the following year, the number of flood
events continued to drop until the lowest number of events was reported in 2019, before
it gradually increased in the next two years. Although the statistics from these findings
do not truly demonstrate an increasing trend in the number of flood event cases in either
district, the effects of flooding are typically exacerbated in some circumstances, such as
the most recent flood occurrences in 2021. This scenario is usually associated with
climate change, which is predicted to increase the number of unpredictable events due to
increased rainfall intensity. Therefore, future studies could make use of these flood trends
by associating them with rainfall or climate change patterns to project future flood
scenarios in both districts.
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Figure 3: Number of flood events in Pahang, Kuantan and Temerloh

Next, flooding in Malaysia is frequently associated with heavy rainfall, particularly
during the monsoon season. Therefore, the average highest daily rainfall for Pahang from
2016 to 2021 was plotted in Fig. 4 to observe the rainfall patterns in the state and evaluate
the impacts of rainfall on the flooding events. From the findings, the average highest daily
rainfall in Pahang over the past six years has been considered to be of very heavy rainfall
intensity (> 60 mm), with the highest daily rainfall recorded in 2016 at 429 mm. As a
result of the high intensity of rainfall, Pahang has experienced multiple flood episodes,
causing high runoff that worsens the river's capacity and causes overflow. However, the
number of flood incidents reported in the state as well as in both districts is difficult to
explain solely by the highest daily rainfall, as shown by Figs. 3 and 4. Existing studies
have found that there are also additional potential factors and drivers that can amplify
flood events. The forest area, elevation, and population size each have a significant impact
on the temporal variation in flood impacts (Alias et al.,, 2019). The percentage of
vulnerable individuals, household income, the region's economy, and the proportion of
foreign nationals were four additional criteria listed by Ziarh et al. (2021) as part of the
seven main factors influencing the likelihood of flooding in Peninsular Malaysia. In
addition, a study by Elfithri et al. (2017) showed that increased wetland reclamation for
development, widespread forest clearing, and the village's location in a lowland and flood
plain area could also contribute to flooding in Pahang. Thus, flooding can occur as a result
of heavy rainfall events, but it is not the only cause; other factors can also cause flooding
and sometimes amplify current flooding scenarios, which may be related to the type of
flood itself.
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AVERAGE HIGHEST DAILY RAINFALL IN PAHANG (MM)
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Figure 4: Average highest daily rainfall in Pahang

In Malaysia, floods are normally classified as flash floods and monsoon floods. Monsoon
floods and flash floods may have different characteristics due to their nature of occurrence
(Magqtan et al., 2022). A flash flood is a surge of water caused by only a few hours of
rainfall, normally in a small catchment area. Thus, flood effects are quite dangerous and
devastating because they frequently involve rapidly rising and moving water (Doswell,
2015). Monsoon floods, on the other hand, are common during the monsoon season due
to prolonged duration with intermittently intense bursts of monsoon rains, and the
intensity can occasionally exceed several hundred mm in 24 hours (Tew et al., 2022). As
a result, it is critical to first determine which types of flooding are more significant and
occur more frequently in the study area. Therefore, these data were extracted from the
annual reports and plotted in Fig. 5 below. According to the findings, both districts have
experienced both types of flooding. In 2017 and 2018, Temerloh and Kuantan reported a
high number of flood occurrences, with the majority of the flood events reported in both
districts being monsoon floods. In contrast, in 2016 and 2020, the types of floods that
mainly occurred were flash floods. Since both types are significant in both districts, it is
crucial for stakeholders to predict when both types of flooding events are most likely to
occur in the districts.

Therefore, the months of flooding reported in both districts for the past six years are
tabulated in Table 1. This is to determine which month the flood usually occurs in
previous years and relate it to the type of flooding in that year. From the results in Table
1, floods in 2017 and 2018 occurred primarily between November and February during
the monsoon season. During that time, rainfall is common and might linger for many
hours, leading to monsoon floods. On the other hand, floods in 2016 and 2020 are more
likely to occur in the middle of the year, from April to September. During this period, any
high-intensity rainfall might cause flash floods. Thus, after relating the month of flooding
with the type of flooding in Fig. 5, some patterns could be observed. Monsoon floods
normally occur between the months of November and February, whereas flash floods may
occur in the middle of the year for both districts. Based on these findings, locals and key
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stakeholders can plan effective and appropriate flood management for both types of
flooding throughout that season of the year. In addition, other important details, such as
the depth of the flood, the maximum flooding period, and the recession time of flooding,
can also be incorporated in the development of flood control.

Table 1: The month of flooding recorded in Kuantan and Temerloh districts

The month of flooding in Kuantan and Temerloh

District
2016 2017 2018 2019 2020 2021
Kuantan Aug, Sep, Jan, Feb Jan, Dec Nov Nov, Dec Jan, Mar,
Dec Dec
Temerloh - Jan, Feb, Jan, Apr,  Jun, Dec Apr, May, Jan, Mar,
Sep, Jul, Oct, Nov Jul, Aug, May, Nov,
Nov Sep, Oct, Dec
Dec
TYPE OF FLOOD IN KUANTAN AND TEMERLOH
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mmmm Kuantan Monsoon Temerloh Monsoon
Kuantan Flash Flood Temerloh Flash Flood

Figure 5: Type of flood in Kuantan and Temerloh

Next, information on the maximum flooding period and depth is required to develop an
effective flood management plan in the study area. Therefore, the flooding period and
depth from 2016 to 2021 were extracted for both districts, as well as in Pahang state.
Similarly, the analysis also includes the statistics from the entire Pahang state to compare
the patterns in both districts to the state outcome and assess how severe the scenarios are.
From the results, floods in Pahang typically last several days. In 2018, the maximum flood
duration was six days, as depicted in Fig. 6. In both districts, the highest flooding period
only lasted a day or so for the previous six years, with the exception of the extreme event
of 2018, when the longest flood duration at Kuantan was reported to be nearly 5 days.
The flooding in January 2018 was exacerbated by heavy rainfall, where the rising number
of flood evacuees in Kuantan was due to the continued heavy rainfall as well as the high
tide phenomenon. Flooding appears to have increased and amplified in the catchment
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over the last decade, owing to the influence of erratic torrential rain and high tides (Maria
et al., 2014). Therefore, it can be noted that the recession time of flooding in both districts
is relatively high given that the flood often lasts only for a short time, except during
extreme catastrophes, when the number of evacuees will escalate at that time as well.
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Figure 6: Maximum flooding period in Pahang, Kuantan and Temerloh
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Figure 7: Maximum flood depth in Pahang, Kuantan and Temerloh
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Fig. 7 depicts the maximum flood depth for both districts as well as the state of Pahang.
From the findings, it is observed that the highest flood depth ever recorded in Pahang in
the past six years was 6 meters in 2021. In addition, in the same year, Temerloh and
Kuantan both reported the highest flood depth, which was 3 meters. These depths are
considered very high and can easily inundate the entire house, causing severe damage to
the property as well as other issues such as drowning. These findings are not surprising
given that the 2021 flood is regarded as one of the most devastating in Malaysian history
(DOSM, 2022; Tew et al., 2022). Other than the extreme flood case in 2021, the flood
depth is most likely to be approximately 1 to 2 meters in both districts. Nevertheless,
locals should still always be careful, even though the flood depth in both districts is not
that high. Even with a low flood depth, it can still be dangerous, especially when the flow
of water is high, as it can cause drowning. As a result, it is recommended that all flood
victims evacuate during the flooding period, as flooding has negative consequences for
the victims.

Social Impact Assessment of the Floods

Flooding has significant impacts on society, the environment, and infrastructure. This
study, however, will concentrate on the social impacts of flooding. Flooding has affected
victims in many ways, such as through loss of life, property destruction, the spread of
illness, and other significant losses (Ismail et al., 2018). In addition, every year, thousands
of people are forced to evacuate due to flooding, particularly during the monsoon season.
Emergency evacuation is required to increase access to temporary shelters and basic
supplies, as well as to reduce the number of fatalities from electrocution and drowning.
From the annual flood reports, the number of evacuees from 2016 to 2019 was extracted
to understand how much the flood affected the victims in both districts in terms of
relocation during the events. The NADMA Monthly Reports from its official website
(https://portalbencana.nadma.gov.my/) were then utilized to augment the evacuee data
that were missing from the flood reports for 2020 and 2021. These data, together with the
flood depth and period data, are summarized in Table 2 to evaluate the relationship
between them.

According to the statistics, over 45,000 evacuees were recorded for both districts between
2016 and 2021. Despite the fact that case data were only obtained from two districts, this
was found to be an extremely high number. However, there is no clear pattern, and future
estimations of the number of evacuees can be made for future events, as this number will
surely vary according to the number of areas affected and their severity. Despite this, we
can still observe that the maximum flood depth, maximum flood period, and number of
evacuees are all correlated and dependent on one another. The worsening flood conditions
in January 2018, which lasted 5 days, undoubtedly contributed to Kuantan's higher
number of evacuees in 2018, with 5425 evacuees. More victims are forced to evacuate to
seek shelter, food, and aid supplies because of the longer flood duration. In addition, a
similar pattern is also noticed; when the flood depth is high, such as in 2017 and 2021, a
greater number of evacuees is reported. In both districts, the severe 2021 flood episodes
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saw the greatest flood depth of 3 meters, which could easily inundate a one-story
dwelling. As a result, we saw the largest number of evacuees in both districts—over
15,000. During this time, everyone was advised to evacuate, and no one in the flood area
was allowed to stay at home because it was too unsafe; in addition, their house may also
have been entirely submerged. Therefore, we can conclude that the maximum depth and
duration of the flooding had a major influence on the number of evacuees at the flood
relief center.

Next, other than the direct impacts of flooding, such as loss of property and lives, and the
evacuations that occur during flood occurrences, there are also indirect impacts that
happen to victims during or after flood events. Impacts that are not caused by physical
contact with the floodwater are known as indirect impacts. This normally relates to the
emotional problems suffered by the victims due to losses such as the loss of a loved one,
property, and residence, as well as the fear of repeated floods in the future (Ismail et al.,
2018; Ogunbode et al., 2018). It has been discovered that the loss of property and the loss
of a loved one experienced by victims are linked and are the most common causes of
emotional problems during flood events. Aside from evacuation and emotional issues,
there are also financial concerns due to property losses during flooding. Although all the
victims had difficulties and challenges due to flood occurrences, it was found that low-
income victims were hit harder than high-income victims because they required more
money and other sources of income to return to their daily lives. Many everyday
appliances and goods must be repaired or replaced, which is expensive for the poor
(Safiah Yusmabh et al., 2020). Therefore, governments should plan for better management
and coordination of flood aids, relief efforts, and financial assistance to ensure that the
most affected group receives the most help and support, which may also greatly reduce
the emotional and financial problems suffered by them.

Table 2: The flood depth, flood period, and number of evacuees in both districts

Maximum Flood Depth Maximum Flood Period Number of Evacuees @ b

Year (m) @ (day) @

Kuantan Temerloh Kuantan Temerloh Kuantan Temerloh
2016 1 0 1 0 0® 0@
2017 2 2 1 1 1078 ® 1293 ®
2018 1 1 5 1 5425 @ 89 @
2019 0.5 0.8 1 1 0® 323 @
2020 1.74 1 1 1 185 ® 180 ®
2021 3 3 1 1 19823 ® 16626 ®

Total Number of Evacuees in Both Districts 45022
Source:

(a): The DID Annual Flood Report (2016-2021)
(b): The NADMA Monthly Report of Disaster Events Across the Country
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CONCLUSION

Flooding is an annual occurrence in Malaysia, particularly during the monsoon season;
however, with climate change, the flooding risk and impacts have become more
devastating and unpredictable. Pahang was identified as one of the most vulnerable states
following the devastating flood of 2021. Many existing flood studies have been conducted
in the Pahang River basin, but fundamental information, such as studies on previous flood
patterns and characteristics, remains lacking. Therefore, the purpose of this research is to
fill gaps in existing studies by comparing and analyzing flood events in Kuantan and
Temerloh using secondary flood data obtained from the DID annual flood report.
According to the findings, these two districts are considered to be among the districts in
Pahang that have the most flood-prone areas. In addition, flooding is considered an annual
occurrence in both districts, with flood depths ranging from 1 to 2 meters and lasting only
a day or so. Monsoon floods in both districts typically occur between November and
February, whereas flash floods can occur at any time of year but are most likely to occur
between April and September. In addition, flooding has also significantly impacted
victims in many ways, including the loss of life and property, relocation to shelters during
the events, and emotional problems caused by the losses.

This study has some limitations because it mainly focuses on secondary data from flood
reports, uses a straightforward statistical data analysis method, and only examines two
districts in Pahang. However, the potential of this study is that it demands further
investigation and would direct such an investigation. Local authorities, town planners,
and other relevant stakeholders may incorporate the results from this study to provide a
better flood management plan in both districts that can later be replicated in other districts
in the state, as well as for implementation at a higher level, such as the national level, in
the future. Furthermore, this study suggests that the locals themselves need to prepare for
upcoming flood events, such as elevating the house structure to at least 1 meter high,
following the trend of flooding in both districts, and keeping important documents and
items at a higher level. Finally, because climate change may increase the frequency and
severity of flood events in the future, every household should have at least one flood kit
in case of emergency, as it can speed up the evacuation process.
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