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Abstract

Bangladesh is one of the most disaster-prone countries worldwide. Every year, the
country sees a small- or large-scale disaster, with past disaster history showing that
cyclones have been a major phenomenon. The main purpose of this study is to investigate
factors that are associated with households’ safe and complete evacuation towards
evacuation shelter during Cyclone. Therefore, considering three main objectives as 1)
households’ early and emergency evacuation decision influencing factors, 2) predict
household evacuation preparation time through random forest simulation, and 3) factors
influence households’ decision of shelter and types of evacuation shelter to understand
difficulties and complexities during evacuation better. To obtain the research goal, this
study conducted a questionnaire survey of 413 households in Gabura, a union under
Shyamnagar Upazila of Satkhira District, from mid-February to mid-March 2020 to
investigate respondents’ evacuation experience during Cyclone Bulbul. The questionnaire
survey comprised qualitative and quantitative approaches that analyzed disaster
preparedness levels, successful evacuation scenarios, and early evacuation decisions and

their implementation in Gabura Union during Cyclone Bulbul.

In addition, this study provides details of the study objectives and their importance
through several chapters. Chapter 1 presents this study's general introduction and essential
motivation, including the research objectives. For instance, it gives an overview of natural
disasters, especially Cyclone, concerning evacuation during an emergency. Chapter 2
represents a literature review of this research. This chapter contains a detailed overview of

households’ responses to evacuation warnings and their early and emergency evacuation



decision. Another significant component of households’ evacuation is evacuation
preparation and time before starting evacuation. Chapter 2 also provides details of
households’ preparation activities and the time and decision of shelter choice during the

disaster.

Furthermore, chapter 3 represents and describes the study area, main core concept, and
methodology of this study to gather and analyze data to investigate household evacuation
scenarios during a Cyclone. In addition, this includes the proposed method of prediction of
evacuation preparation time through the Random Forest algorithm. Following chapter 3,
chapter 4 investigate in detail households’ early and emergency evacuation decisions to
check the possibility and consequence safe and complete evacuation towards shelter or
safer place. Chapter 4 also shows the influence of evacuation preparation time and
household demographic and socio-economic characteristics on early and emergency
evacuation decisions. It is found that evacuation preparation time greatly influences
households’ early and emergency evacuation decisions. Therefore, chapter 5 further
analyses households’ evacuation preparation time and shows the relationship of
demographic and behavioral factors to determine the importance of each factor that affects
evacuation preparation time. In addition, Chapter 5 proposed a methodology that predicts
households’ evacuation preparation time concerning demographic and behavioral factors.
It is found that type of shelter is one of the significant factors that influence households’
starting time of evacuation and evacuation preparation time. Following this, chapter 6 try
to investigate which factors are essential while households decide their evacuation shelter
and types of shelter evacuated during a Cyclone. According to the results, chapters 3 to six
analyze households’ early and emergency evacuation decisions, prediction of preparation
time and decision of shelter and, types of actual evacuation shelters. Chapter 7 investigates



and compares evacuation behavior concerning cyclones, typhoons, and hurricanes from
Bangladesh, the Phillippines, and the USA. The research results and findings are based on
three objectives and show the relationship with existing research that distinguishes the
current study. Finally, based on the research results, chapter 8 provides the necessary
suggestion and recommendations, which is helpful for interested groups to make better and

effective preparedness plans ahead of future disasters to reduce the disaster risk.

The comparison of evacuation behavior from three countries revealed that evacuation
tendency is almost similar in Bangladesh cyclone and the Philippines typhoon cases. While
the hurricane cases from the USA, the evacuation behavior is somehow little different in
some specific aspects, such as traffic situation, warning receiving, and associated factors.
The previous study distinguished the current research as it strongly correlated with
evacuation decisions during a disaster. These findings could shed light on future research

focusing on different disasters but similar nature.

Furthermore, concerning the first research objective, the survey results revealed that
approximately 55% of the respondents evacuated during Cyclone Bulbul. Among them, 47%
made early evacuation decisions, but an analysis of their evacuation starting time revealed
that only 35.5% of them evacuated early before Cyclone Bulbul made landfall. Moreover,
this research highlighted the importance of having adequate preparation time before
starting evacuation. Most household respondents stated that they needed 2 hours before
starting evacuation. However, the preparation time varied between 1 and 6 h depending on
the evacuation stage, the type of preparation activities, and the presence of vulnerable
members in the house. Both categories of respondents, those who made early evacuation
decisions and those who followed through, cited evacuation companions, the presence of

sick members in the house, distance from home to shelter, evacuation travel time, and socio-

iv



economic characteristics as common influential factors. Respondents in the emergency
evacuation category identified previous disaster experience, the presence of sick members
in the house, and socio-economic aspects as the factors they considered while making
evacuation decisions during Cyclone Bulbul. This analysis of factors influencing early
evacuation decisions, early evacuation, and emergency evacuation helped shed light on
people’s perceptions about disasters. The results can guide authorities in taking policy
actions to improve early evacuation possibility and issuing early evacuation orders to

ensure safe and successful evacuation during cyclones or other disasters in the future.

Household evacuation preparation time is essential when ensuring safe and successful
evacuations and is essential for estimating the total evacuation time during a disaster.
Furthermore, concerning the second research objectives, this research proposes a
methodology that predicts household evacuation preparation time following demographic
and behavioral input variables based on the Random Forest algorithm focusing on cyclones.
In addition, this research analyzes the variable importance and Partial Dependence Plot to
identify the key influential factors that affect household evacuation preparation time. The
prediction results showed high accuracy for household evacuation preparation time, which
is credible and considerable for future disaster cases. Our results revealed that the most
important factors that impact household evacuation preparation time are evacuation
companions and age, followed by shelter distance, income, and shelter type. The results
obtained from the prediction model can assist emergency response and evacuation
planners and national disaster management authorities to demonstrate and improve
effective evacuation plans considering household evacuation preparation time for future

disaster cases.



Effective evacuation preparedness plan is the primary step in sending evacuees to safer
places and ensuring their safety during a disaster. The decision of shelter choice and types
of actual evacuation shelter during evacuation greatly influence evacuees' decision of
evacuation, reflecting the total evacuation performance during a disaster. Finally, regarding
the third research objective, this study investigated and analyzed households' data to
distinguish households' preferences and behavior of evacuation decision for shelter choice
and types of the evacuation shelter. In addition, focusing on household demographic
characteristics, evacuation departure time, distance to shelter, evacuation travel time, and
planning time and actual time to stay at the shelter for the coastal area in Bangladesh
focusing Cyclone Bulbul. The result reveals that around 63 percent of households follow and
depend on responsible authority's advice deciding their evacuation shelter. In addition,
results indicate about 84 percent of households choose govt school/designated shelter as
their evacuation destination. Moreover, it found that evacuation departure time, travel time,
the actual time to stay at the shelter after evacuation, and household income are significant
factors that influenced households’ decisions while deciding evacuation shelter and types
of shelter during evacuation. The findings of this study demonstrate households’
preferences of choosing their evacuation shelter and types of shelter, especially in the

coastal region during a cyclone.
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Chapter 1 Introduction

1.1 0verview

Over the past decade, natural disasters have become more frequent in coastal regions
around the world. Cyclones are common natural disasters that frequently occur in
Bangladesh; the coastal area and its inhabitants are most affected by cyclones. It is evident
that over the last two decades in Bangladesh, there has been a significant cyclone every two
or three years: Sidr in 2007, Aila in 2009, Mahasen in 2013, Komen in 2015, Mora in 2017,
Bulbul in 2019, Amphan in 2020, and Yaas in 2021. These frequent cyclones cause
significant damage and destruction of life and properties. However, by ensuring effective
planning, policy, and preparedness, losses and damage can be minimized. With national and
local government authorities, disaster management authorities have tried to implement
effective preparedness, policy, and planning during disasters to reduce damage and
destruction. Evacuation plays a vital role in reducing disaster damage. The coastal areas in
Bangladesh are vulnerable to cyclone disasters. As various factors, including evacuees’
behavioral responses, pose challenges to successful evacuation, it is essential to evacuate
early to reduce loss of life and damage to property [1]. People living in Bangladesh’s coastal
areas are at risk, but they usually decide to evacuate at the last minute; thus, it becomes

challenging to complete the evacuation, especially given the weather conditions [2].

Additionally, over 90% of evacuees walk the evacuation routes in coastal areas. Still,
poor road conditions and communication systems sometimes make traveling from their
home to the shelter impossible. This state of affairs reasonably agrees with the conclusions
of previous studies that acknowledged distance as an essential issue in evacuation decisions
in coastal Bangladesh [3-8, 18]. Risk perceptions and previous cyclone experiences
influence evacuation decisions [9-10]. Following the risk, Takagi et el. 2016 mentioned that
it is difficul to evacuate during the storm surge and recommends evacuating before the

storm surge [25].

Similarly, Walch 2018 revealed that prior experience of natural disasters is different for
individual residents, increasing the resident’s involvement in understanding the risk more
clearly [22]. Distance of evacuation shelter and duration to reach evacuation shelter

strongly correlated, which is essential for evacuation decision [26]. Many people could not


https://www.sciencedirect.com/topics/social-sciences/cyclones

evacuate during Cyclone Sidr in 2007 because they delayed acting and eventually realized
that time was not enough for evacuation because of the distance to evacuation shelters and
inconvenient evacuation modes [6]. In the coastal area of Bangladesh at the community
level, Cyclone Preparedness Program (CPP) volunteers disseminate cyclone warnings and
other information among the communities through hand-mikes, megaphones, sirens, and
individual house visits and help them to evacuate to shelters or safer places [11-13]. This
research also investigated the involvement of CPP volunteers with local-level authorities
and the dissemination of warning information during Cyclone Bulbul. People usually receive
warning and evacuation information in Bangladesh coastal areas through radio and TV.
However, no system has yet been developed to disseminate warnings through mobile
phones. Besides, responsible local government authorities also disseminate the warning
and other information directly to the community. Interviews with government
representatives ensured that they gave warning dissemination and evacuation information
through CPP volunteers to the individual community due to disruption of dissemination
from the national government because of bad weather conditions. Interviews with CPP
volunteers also noted that they went to respective communities to disseminate the

information by megaphones, sirens, and sometimes individual households.

This study mainly focused on the early evacuation scenario and the possibility of early
evacuation during future disasters, especially cyclone disasters. For the analysis, the study
chose three wards in Gabura Union of Shyamnagar Upazila (sub-district) of Satkhira District,
one of the worst-hit communities during Cyclone Bulbul struck the southwestern coast of
Bangladesh on November 10, 2019. This study investigated early evacuation and behavior
during the 2019 cyclone disaster to shed light on the conveniences or inconveniences faced
during evacuation. This understanding can help inform policy to ensure safe evacuation and
reduce damage during future disasters, especially physical damage. First, the study presents
the findings related to the evacuation decision-making process, such as previous disaster
experience, preparation type and time, household evacuation scenario, and demographic
conditions. It outlines the factors influencing early evacuation and evacuation decisions.
Second, the study reveals the percentage of people who evacuated early during Cyclone
Bulbul. This was done by classifying the respondents into two categories based on their
evacuation starting time before cyclone landfall to distinguish whether they evacuated early
or not. The study presents the results of the analysis of factors that prompted an evacuation

response in people, including household evacuation scenario, evacuation preparation



before the start of evacuation, the presence of vulnerable members in the house, distance to

shelter, travel time, and demographic conditions during the disaster.

Although the disaster early warning process, emergency evacuation, and destination
have improved, most people still cannot evacuate safely and on time during a cyclone
disaster. This research emphasizes the prediction of evacuation preparation time and the
importance of variables in understanding household factors promoting safe and successful
evacuations. Household demographic and behavioral factors impact the delay in
preparation time before starting an evacuation, hindering safe and successful evacuation to
shelters or safer places. As evacuation plays a vital role in reducing disaster damage, a
detailed investigation of the relative importance of the variables influencing preparation
time during the evacuation phase is thus necessary to better ensure safe and complete
evacuation by determining the preparations needed and time required before starting the
evacuation. Previous studies of the evacuation decision-making process have focused on
warning systems, cyclone shelters, information dissemination, route selection, destination,
and evacuation behavior during a disaster [1-2, 14-16]. Huang et al. 2012 found that
evacuees prefer to evacuate in the daytime instead of nighttime [23]. Another previous
study found that, people want to evacuate during strong storm surge based on evacuation
order from authority in the future [24]. Oikawa et al., 2016 found that a high level of disaster
consciousness, such as disaster education, improving evacuation warning, and preparation
of evacuation sites, leads to a smooth evacuation [19]. Similarly, another previous study
found that better education and effective development strategies are essential to improve
the resilience of local inhabitants in a specific region [21]. In this study, we focus on the
preparation time, as it is essential to start evacuation at an appropriate time to ensure safe
evacuation. This study proposes a simulation model of household evacuation preparation
time prediction for coastal residents centering on cyclones based on previous research. In
this study, an RF prediction model was built to predict household evacuation preparation
time. The primary objective of this study is to develop a systematic prediction model of
evacuation preparation time that can be used for effective evacuation preparedness plans

to reduce disaster risk in specific areas.

Furthermore, the present study investigates in detail the degree of influence of each
variable on household evacuation preparation time. It determines the relationship between
demographic and behavioral factors and household preparation time during evacuations in

coastal areas. This method of investigating the relative importance of variables in predicting



evacuation preparation time and relationships with independent variables better explains
individual household evacuation decision-making processes during disasters, thus
identifying consequences and factors that are important for evacuation preparation time, to
assist the responsible authorities in understanding and establishing better preparations for

future evacuations during similar types of disasters.

Furthermore, many previous studies investigated different aspects of household
decisions regarding evacuation shelter choice, types of shelter identification maps, and
destination choice models, rather than evacuees’ preferences and risks. Furthermore, our
pastresearch revealed that types of shelter are an essential factor that should be considered
during households’ early and emergency evacuation, which ensures smooth evacuation to
safe places during emergencies [17]. While staying at the shelter after evacuation, different
aspects need to satisfy evacuees' perspective: internet access, privacy space,
communication, disaster-related information, food, and hydration [20]. In this study, we
deemed it an excellent initiative to assess and explore factors associated with household
evacuation shelter preferences and types of shelter in the coastal area of Bangladesh,
focusing on the November 2019 cyclone Bulbul. A detailed investigation of the associated
factors is required to better understand the actual scenario during evacuation. Therefore,
the findings of this study can help individual interested groups such as researchers, national
and local level disaster management authorities, and government and non-government
agencies to come up with new ideas, plans, and preparedness strategies to reduce disaster
risk during evacuation in coastal areas. Therefore, disaster management planners and other
interested agencies can understand the preferences of households regarding how and
where to evacuate, which influences their shelter choice and shelter types, and the overall
evacuation process. Considering the importance of households’ evacuation shelter choice
and their types of shelter, the evacuation plan and preparedness can be evaluated, and a

better redesign plan helps to build safe evacuation completion.

1.2Research Objectives

The objective of this study was to analyze people’s perceptions of and experiences with
evacuation decisions and preparation towards shelter preference during the evacuation,
focusing on Cyclone. Therefore, this study's overall objectives and goals are addressed by
three research objectives that describe specific perspectives to achieve the goals. The three

research objectives of this study are given below in detail.



B Objective 1: According to Figure 1.1, respondents decided to evacuate after receiving
a cyclone warning. If they choose to evacuate, they then prepare for evacuation
commencement. Following the cyclone warning signal, some respondents evacuated
before the evacuation order, while others evacuated after the evacuation order. The
evacuation starting time concerning evacuation orders identified who made early and

emergency evacuations.

Available time for safe evacuation completion
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= ] /’I
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* In Bangladesh, the ‘threshold’ is the same time as the cyclone landfall time

Figure 1.1 Schematic of the cyclone evacuation timeline (obtained from Rahman et al.

(2021) [17])

The specific objectives based on starting time of evacuation are:

= To determine people’s perception of weather conditions, the presence of
vulnerable members in the house, previous disaster experiences, and
demographic and socio-economic aspects affecting their evacuation decisions.

= Tounderstand the consequences and complexities of early evacuation decisions
for evacuees because of the different kinds of challenges they faced when
attempting to come up with suitable solutions for the problems. Additionally, to
determine the importance of household preparation time for safe and successful
evacuation during a cyclone disaster, and

= To understand why few people evacuated early and many others did not during
the cyclone, identify the critical factors that influenced people’s early

evacuation.



B Objectives 2: Estimating household evacuation preparation time aims to better
understand people’s starting evacuation time during a cyclone. Household evacuation
preparation time is also essential when estimating the total evacuation time. The
objectives based on household evacuation preparation time is to present the following:

= A detailed investigation of household demographic and behavioral factors that
affect evacuation preparation time, which need to be determined for the
prediction of preparation time;

= A presented prediction of household evacuation preparation time simulation
based on RF during a cyclone;

= Identifying major demographic and behavioral factors that influence household

evacuation preparation time.

B Objectives 3: The research objectives based on the household decision of shelter choice
and types of actual evacuation shelter are as follows (Figure 1.2):
= Evacuation shelter choice will significantly relate to evacuation travel time,
departure time, and shelter types.
= Shelter type will be significantly related to distance to shelter, evacuation travel
time, household primary plan to stay at the shelter before evacuation, and actual
duration of stay at the shelter after evacuation.
= Household demographic characteristics will be significantly related to
evacuation travel time, departure time, types of shelter, and household primary

plan to stay at the shelter before evacuation.

‘ Shelter Type . -
| P Evacuation Shelter Decision

‘ Departure Time

‘ Travel Time

Evacuation Shelter Type

‘ Shelter Distance

. e Ry
Primary Plan to Stay at Shelter i-"___ - o = \\.\
-—.’v — — .. Q»\
el TTe— -_\‘ Household Demographic
‘ Actual Time to Stay at Shelter |L ‘ Characteristics

Figure 1.2 Relationship between sheltering and demographic factors with associated
influencing factors during Cyclone



1.3 Organization of the Dissertation

This dissertation consists of eight chapters, as shown in Figure 1.3.
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Chapter 1 presents this study's general introduction and essential motivation, including
the research objectives. In addition, chapter 2 represents a literature review of this research.
This chapter contains a detailed overview of households’ early and emergency evacuation
decisions, evacuation preparation time, and shelter choice during the disaster. Furthermore,
chapter 3 describes the data collection, sampling, processing, and analysis method.
Following the methodology, chapters 4, 5, and 6 present the data analysis results based on
three research objectives. Chapter 7 discusses the significant findings and links the findings
with existing research findings. Chapter 8 concludes, which provides an overview of an

effective evacuation preparedness plan for future disasters.
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Chapter 2 Literature Review

2.1Households Evacuation Preparation Scenarios during Early and

Emergency Evacuation

Early evacuation decisions define whether households decide to evacuate before
receiving the official evacuation order. Early evacuation decision means that after hearing
the first warning signal, respondents decide their possible evacuation before they receive
the official evacuation order—10 h before the predicted landfall of the cyclone. Similarly, if,
in actual cases, households make their evacuation before they receive official evacuation
orders from a responsible authority, this is distinguished as early evacuation. Issuing the
official evacuation order is important to reduce the disaster risk during the evacuation
phase. The local authorities should give a proper and timely evacuation order ahead of a
strong typhoon concerning arrangements of vertical evacuation [40]. There is no official
early evacuation order from the perspective of Bangladesh during cyclones. This research
examined the possibility of early evacuation based on the current official evacuation order.
Evacuation during a disaster facilitates successful and safe evacuation, which is essential for
reducing physical damage. During the tsunami evacuation, evacuation is distinguished as
the different stages which start from notification until evacuation movement. In the various
stages of evacuation, people's evacuation behavior depends on different factors [48]. The
Bangladesh Meteorological Department issued a cyclone warning at four stages: the first
stage is the cyclone alert stage, 36 h before the predicted landfall; the second stage is the
cyclone warning stage, 24 h before the predicted landfall; the third stage is the cyclone
disaster stage, 18 h before the predicted landfall; and the last stage is the cyclone great-
danger stage, 10 h before the predicted landfall [1]. These four stages of warning signals are
the current organizational framework for the Bangladesh Government Disaster
Management Ministry to disseminate the warning and evacuation orders during cyclones.
The official evacuation order is given at the cyclone great-danger stage, 10 h before the
predicted landfall. This research investigated the details of early evacuation decisions and
early evacuation and the associated influential factors that affect the safe and successful

evacuation.
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Although the complexities and rules of early evacuation are different for different
disasters, researchers agree that early evacuation is essential to mitigate damage during
tsunami disasters [2]. However, that study focused only on the evacuation time during a
tsunami disaster rather than determining the early evacuation time. Sun et al.,, 2016 found
that resident actual evacuation behavior differs from evacuation plans prepared before for
a specific area. Different factors are responsible for the sudden change of evacuation
behavior during the evacuation of residents, for example, road conditions, confusion about
safe evacuation, and diverse public opinion, leading to changes in evacuation behavior
before starting evacuation [41]. In addition, Ohtomo et al., 2020 found that even though the
residents were aware of the hazard map and evacuation plan, a small number tried to
evacuate during the torrential rain in Okayama prefecture in 2018 [51]. An effective
evacuation plan and timely evacuation are very important for safe evacuation—reducing
casualties and property damage. Kruger et al. (2019) confirmed that successful evacuation
involves various components, such as governmental and non-governmental organizations’
participation, disaster response capabilities, sources of information, and aspects related to
communication sources [3]. Local officials play a crucial role in disseminate warning
information, which makes people evacuate during a hurricane [57-59]. Properly planning
for evacuations is an essential assignment of reposing evacuees safe from the injuries and
causalities from natural disasters. Evacuation planning and preparedness are influenced by
prior behavior, which involves future evacuation intentions [50]. Planning for evacuations
involves many things, for example, early evacuation and active involvement of local
government and community people. The safe and successful evacuation dramatically

depends on how quickly the people are transferred to a safe area from a risk area [43].

Furthermore, a safe evacuation place, disaster preparedness, and timely evacuation can
reduce casualties during a disaster. A previous study revealed that useful information could
help to mitigate disaster damage during the storm surge stage [54]. Following this, Leelawat
2014 found that despite people receiving the early warning, but did not evacuate during
typhoon Haiyan in the Philippines [53]. In addition, another study found that
underestimates the disaster damage; therefore, people failed to evacuate [55]. However,
improving the warning dissemination process and disaster education throughout the
communities can effectively increase natural disasters' evacuation and survival rates [42].
Dash and Gladwin 2007 suggested that the evacuation rates can be increased by improving

communication of forecast and warning [56]. Bangladesh is recognized as one of the most
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disaster-prone countries worldwide. It frequently experiences cyclones and other disasters.
Therefore, many people are physically and economically vulnerable, leading their lives in
danger. The coastal zones are low-lying areas situated on the deltas and floodplains of the
three major rivers. Cyclones formed during the monsoon season from June to September
are usually associated with storm surges. Because of such storm surges, high tides make the
coastal land and embankments unstable, causing huge loss of life and property damage.
Various governments and international organizations have reported that because of climate
change-driven sea-level rise and cyclonic storm surges, around 20 million people in coastal
districts are expected to be displaced [4]. Concerning the evacuation decision-making
process, many previous studies have focused on warning systems, cyclone shelters,
information dissemination, route selection, destination, and evacuation behavior during
disasters [5-9, 51-52]. Furthermore, several studies have investigated the factors that affect

people’s evacuation decisions during emergencies.

2.2Household Evacuation Preparation Time During a Cyclone

Methodologically, numerous previous studies have focused on evacuation and risk
assessment models using the random forest (RF) algorithm based on natural disasters.
Ghosh and Dey 2021, used four different prediction models, namely, frequency ratio, fuzzy
logic, logistic regression, and RF, to investigate flood severity assessments, including eight
conditioning factors in the coastal tract. They found that fuzzy logic and RF have significant
potential for improved prediction results [10]. In addition, previous research found that
random forests provide higher accuracy than multinomial logit and mixed logit models [18-
19]. Similarly, another study that investigated the inpatient satisfaction of different public
hospitals in China, considering the relationship between various influencing factors and
overall satisfaction, found that the prediction accuracy of the RF is much higher than that of
multiple regression and naive Bayesian models [11]. Wang et al. 2015 found excellent
efficiency over an extensive database using RF while analyzing flood risk assessment
through various risk index variables. However, the error rate for both training and testing

data can be improved by increasing the sample size and classification trees [12-13].

Few previous studies have investigated evacuation preparation time, as it is essential to
estimate the total evacuation time for the evacuation process during an emergency.

Considering the demographic characteristics, information sources and evacuation
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inhibitors show more reliable correlations when estimating preparation time than other
factors such as storm characteristics, personal impacts, and evacuation facilitators [13]. In
addition, household activities such as travel from work to home, gathering all family
members, packing essential things, and protecting houses and belongings are uncorrelated
with household evacuation preparation time [37]. A recent study showed that evacuation
preparation time is necessary for early and emergency evacuation during cyclones.
Therefore, it is found that demographic and socioeconomic factors are significantly
correlated with both early and emergency evacuation decisions [20]. Preparation is useful
when residents want to evacuate in groups, manage important belongings, ensure measures
to protect property, and identify safe places. However, few studies have characterized the

factors that affect preparation time [14].

Only a few studies have focused on the prediction and importance of preparation time
by performing degree analyses of different influential variables and the probability of the
average preparation time that individual households need before starting to evacuate. A
recent review of the estimation of pre-evacuation time focused on assessing the total
evacuation time considering emergency evacuation in urban residential communities [15].
In addition, few studies have applied a partial dependence plot (PDP) to investigate the non-
linear relationship between input and output variables for black-box machine learning tools
based on the RF algorithm. However, there is no specific previous research considering the
prediction of preparation time simulation based on RF during cyclones. Similarly, no
previous study has analyzed the associated influential factors using demographic and
behavioral characteristics of individual households through a PDP, which can distinguish
the detailed relationship of each input variable to evaluate the influence on the output

variable focusing on cyclones.

2.2.1 Evacuation Preparation Time

Evacuation preparation time plays a vital role in the safe and complete evacuation
during the evacuation phase because evacuating at the right time depends on the evacuation
preparation time before the start of an evacuation. Rahman et al. [20] proposed a cyclone
evacuation timeline that involves (a) available time for safe evacuation, (b) detection, (c)
evacuation time, (d) evacuation start time, (g) preparation time, and (h) evacuation travel

time, as shown in Figure 2.1. However, this study modified the previous timeline by

14


https://www.sciencedirect.com/topics/social-sciences/socioeconomic-factors
https://www.sciencedirect.com/science/article/pii/S2590061721000697?via%3Dihub#bb0110
https://www.sciencedirect.com/topics/social-sciences/cyclones
https://www.sciencedirect.com/science/article/pii/S2590061721000697?via%3Dihub#f0005

including (e) authority decision time to disseminate warning and (f) information receiving
and decision time. During the evacuation, one of the essential tasks of responsible
authorities is to disseminate evacuation information or notices to ensure safe evacuation

before the disaster [22, 38].

(a) Available time for safe evacuation completion
< < ~
B T~ : el

(c) Evacuation time 4
(b) Detection i
LN}
| Edl
. ! i
(d) Evacuation start time i !
< N !
T E |
1 ! 1
1 L |
I I !
| | |
! ! (h) Evacuation travel time |
) Authority .. ! ; i
Qutrty | () tormation csving. ———! |
disseminate wami and decision time ! L ", l
sseminate warning | (g) Preparation time 1€ >
]
| i ]
i ! i
4 1
' i i

: ; : "

Start of the Detection Start of warning Start of Start of Arrival time to Threshold
phenomena time preparation evacuation shelter
* In Bangladesh threshold is the time same as cyclone landfall time

Figure 2.1 Schematic of the cyclone evacuation timeline (adapted from Rahman et al. 2021

[36])

According to Figure 2.1, the national disaster management authority detects the
phenomenon and disseminates a warning to a specific area. Following this, people receive
information regarding evacuation information and have an initial response as to whether to
evacuate or not. From the perspective of Bangladesh facing a cyclone, this initial response
is recognized as households' start of preparations for evacuation. If they decide to evacuate,
they initiate the necessary preparations to start the evacuation from their homes to shelters.
During the preparation time, some household members engage in information gathering,
mediation, and appraisal of the risks of evacuation, which is called psychological
preparation or social milling [21, 22, 38]. Nozawa et al., 2008 suggested that disaster
education is essential for disaster preparedness concerning preparation and securing
necessary equipment to form an effective network before the natural disaster occurs [39].
Some households also prepare necessities before starting evacuation for stays at evacuation
shelters, such as packing bags, ensuring the safety of belongings from storms, and preparing
family members, which is called logistical preparation [13, 21, 22]. Parvin et al. 2019 put
forward a clear concept of the ideal time to issue an evacuation order and prepare to begin

an evacuation. People's perceptions about the ideal time for an evacuation are based on the
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time it takes to make evacuation preparations and leave their homes for shelters before a

cyclone makes landfall and a storm surge occurs [1].

However, previous research determined that household evacuation preparation time
starts after households decide upon evacuation during cyclones. In addition, during early
and emergency evacuation, it has been found that during preparation, households engage
in various activities such as organizing water and medicine, preparing food for use at the
shelter, preparing family members, and ensuring house safety, which requires an average
preparation time of approximately 2 h before the start of evacuation [20]. Following this,
during the questionnaire survey, this study asked household respondents about their
preparation time after they decided their evacuation and start of evacuation time under
cyclone Bulbul in 2019. Therefore, the definition of evacuation preparation time indicates
the time that starts just after they decide to evacuate and start to make the necessary

preparations until they start their evacuation to shelters from their homes.

Furthermore, the pre-evacuation time included the evacuation decision and preparation
times. Previous research focusing on pre-evacuation prediction models shows that social
and environmental factors affect occupant evacuation decisions during building evacuation
in the pre-evacuation stage [18-19]. However, this research focuses only on the household
evacuation preparation time rather than the pre-evacuation time for the evacuation

preparation time simulation model.

2.3Factors Influence Household Decision of Shelter and Types of Actual

Shelter During Cyclone

Evacuation is considered the primary possession to reduce risk towards a large-scale
disaster, especially during a cyclone. Different variables or factors are consistent regarding
their importance on safe and successful evacuation, like demographic characteristics of the
household, evacuation shelter choice, types of shelter, the distance of shelter, and duration
of stay at the shelter after evacuation. Previous research found that various demographic
and socio-economic factors significantly influence evacuees deciding evacuation [44-47].
Although national and local level authorities responsible for disaster management had

prepared an evacuation plan, there are still some problems during evacuation.
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Evacuation shelter choice for evacuation is essential to ensure complete evacuation
towards shelter or a safer place. Designated cyclone shelter is one of the essential essentials
that coastal community people need to access for their safe stay before and after the cyclone
landfall. According to previous research, during cyclone Sidr in 2007, Cyclone Preparedness
Program (CPP) volunteers to assist nearly 1.5 million people in the coastal area of
Bangladesh for their safe evacuation to shelter and safer place [22-23]. Furthermore,
officials’ late warning dissemination concerning sheltering advice can influence the
household preference of shelter choice and smoothness of their evacuation. So, it is needed
to investigate in detail about the involvement of officials' warning dissemination and
sheltering advice towards the household preference of shelter choice [24]. According to
previous research, socioeconomic characteristics, evacuees' purpose of the trip, evacuation
time of the day, or evacuation mode can be affected while evacuees choose their evacuation
destination for evacuation [25, 26, 27]. In addition, the existence of shelter close to the
house, the geography of the area, and household risk attitude are considered as essential
factors that affect evacuees' decisions to choose evacuation destination [1, 28-31].
Evacuees' evacuation decision during cyclones considerably relies on the evacuation place
or destination where they want to evacuate and how long they want to stay there [32].
Hasan et al. (2013) have found that during Hurricane Ivan in 2004, households who chose
public shelter for evacuation evacuated at a later stage revealed their preference to take the
risk of staying at home longer than in a public shelter [33]. In addition, Sadri et al. (2013)
found that during Hurricane Ivan, most evacuees wanted to evacuate earlier and
determined to evacuating a public shelter took less time than others who chose other types

of shelter [34].
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Chapter 3 Methodology

3.1Study Area

Cyclone Bulbul made landfall in Parsegonj, West Bengal, India, on November 9, 2019,
between 8:30 pm and 11:00 pm, and hit Bangladesh on November 10, 2019, at around 1:00
am local time. The study area was Shyamnagar Upazila, Satkhira District, in Khulna,
Bangladesh. Shyamnagar is located at 22.3306°N and 89.1028°E. It has 46,592 households
and a total area of 1968.24 km? It comprises 12 union parishads, 127 Mouzas, and 216
villages. Among these 12 unions, Gabura was selected for this study, as this union (Figure
3.1) was the most severely affected community during Cyclone Sidr (2007) and Cyclone Aila
(2009), as well as the recent Cyclone Bulbul.
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Figure 3.1 (a) Cyclone Bulbul Impact Areas (Need Assessment Working Group Bangladesh,
November 9, 2019 [1]), (b) Study area (obtained from Rahman et al. 2021 [5])
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Cyclone Bulbul directly affected 13 districts in Bangladesh's coastal region. The cyclone
highly affected the coastal area because of high winds and heavy rainfall. Cyclone Bulbul—
categorized as a “Category 2” cyclone—had an average wind speed of 130-148 km/h
around the circulation center and average precipitation of approximately 100-200 mm/h.
The cyclone lasted for approximately one-and-a-half days in Bangladesh, making it one of
the longest-lasting cyclones that the country had witnessed in the last 52 years [1]. A Daily
Sun news report (2019) quoted Md Shah Kamal, senior secretary at the Ministry of Disaster
Management and Relief, as saying that nearly 0.3 million vulnerable people from Bhola,
Barguna, Patuakhali, Barishal, Pirojpur, Jhalakathi, Bagherhat, Khulna, and Satkhira and
their offshore islands and chars (smaller islands) had been moved to cyclone shelters or
other safer places by noon [2]. Bulbul was expected to damage over 250,000 hectares of
croplands and 150 households in the 13 districts, with at least 25 people killed during or
shortly after the storm. Among these 13 districts, Barisal, Satkhira, and Khulna were
reportedly the worst affected. In Satkhira, 25,000 hectares of paddy crops were fully or
partially damaged, while 2,000 hectares of vegetables, betel leaf, mustard, and plums were

destroyed [3].

3.2Data Collection

In this study, qualitative and quantitative approaches were applied to achieve its
objectives. A field survey was conducted between mid-February and mid-March 2020, three
months after Cyclone Bulbul made landfall on November 10, 2019 (local time around 1:00
am in the targeted area), in Gabura Union of Shyamnagar Upazila in the Satkhira district of
Bangladesh. According to Figure 3.2, a community-level structured questionnaire was used
for the quantitative approach to conduct surveys in Gabura Union to understand people’s
perceptions about early evacuation possibilities and emergency evacuation. This type of
questionnaire survey of the affected community made it possible to comprehend evacuation
behavior and identify the factors influencing early evacuation decisions. The questionnaire
comprised different variables related to people’s perceptions about and the possibility of
early evacuation, preparation, emergency response, evacuation order, and early evacuation
decision-making issues. First, the author collected all household information from the local
government office, such as house numbers. The primary data were collected via personal
visits to the field from community members in the designated area using random sampling

based on house numbers. If the randomly selected household respondents were absent
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during the survey, the household respondents were interviewed later. Although we
mentioned 413 households, each household’s response to the questionnaire had one
household head representative. Here, household respondents are the household heads
responsible for household decision-making. Primary data were collected using
questionnaires targeting 413 households from 1,971 households in one union in three
wards or villages in the study area, most affected by cyclone Bulbul 2019. According to
government representatives, these three wards are recognized as hard-to-reach areas, and

internal communication is not good.

People face difficulties accessing social service facilities during the rainy season and
disasters. The questionnaire comprised three sections and a total of 38 questions. The
questionnaire sections used were 1. Early preparedness and warning for Cyclone Bulbul, 2.
Evacuation decision, preparation time, and scenario information during Cyclone Bulbul and
3. General information about respondents and households before conducting the survey.
The author tested the validity of the questionnaire through dummy data collection with
several households and then modified the questionnaire again for the survey. For data
collection, one college teacher and two former NGO members went to individual households
to gather responses according to the questionnaire. The author also joined alternatively
with each selected person during data collection. It took approximately 20 to 30 minutes to
complete the questionnaire responses for each household. The original questionnaire
survey was drafted in English and distributed in the selected area after being translated into

Bengali.

The qualitative research approach was based on a literature review and the collected
survey data analysis. The qualitative research approach focused on distinct threats,
challenges, and problems prevalent in the early evacuation context. It also determined the
relevant consequences for evacuees when they considered the possibility of early
evacuation. To obtain precise information about particular problems and challenges, this
study conducted interviews with four people to obtain qualitative data. People were
selected based on their knowledge and involvement with the evacuation process during
emergencies. The objective of each interview was to obtain information about each person’s
judgment about the evacuation process during a disaster. However, the interviews did not
precisely follow the strict list of questions. Among the four persons, there was a chairman
(head of the union) and a member (head of one ward in the union) local government

representative, a college teacher, and a CPP unit team leader, respectively. The interview
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with the chairman and CPP unit team leader took place at the local government office, while

interviews with members and college teachers took place at community meetings.

Methods Operations

( ) ||+ Knowledge concerning disaster response and preparedness within the study area
Key Informants Interviews * Identification of problems and difficulties concerning evacuation

* Identification of major demographic issues related to disaster preparedness

Household data on demographic condition, behavioral factors
‘ Household Survey ‘ E Identlﬁ;atlon of significant factors associated with early and emergency
. evacuation

(413 households)

Identification of significant factors associated with evacuation preparation and
sheltering

Data collection, process and analysis
‘ Analysis and Discussion ‘ E> * Analyzing associated factors impacting household decision of evacuation,

evacuation preparation and sheltering
+ Recommendation and suggestions based on major findings

Figure 3.2 Data collection procedure and methods

By analyzing the results through descriptive statistics, this study examined the
relationships among different variables, such as reasons for non-evacuation, preparation
type and time, evacuation companions, livestock, evacuation mode, route selection, travel
time from home to shelter, distance, and demographic characteristics to determine how
they influenced early evacuation and evacuation decisions. Furthermore, the study analyzed
factors that affected evacuation completion during Cyclone Bulbul based on the starting
time of evacuation and the travel time to shelters for each household. In addition, the data
were collected based on household demographic and behavioral and household evacuation
preparation data and further analyzed to predict household evacuation time, focusing on
future disasters. Finally, the questionnaire also comprised questions related to household
departure time, house distance to shelter, evacuation travel time, the decision of evacuation
shelter, types of shelter evacuated, time to stay at the shelter after evacuation, and

demographic characteristics of each household and respondents.
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3.3 Prediction of Preparation Time Simulation

This research collected data from a questionnaire survey on preparations for Cyclone
Bulbul for an evacuation preparation time simulation. Figure 3.3 shows the framework of
the proposed methodology for the preparation time simulation during a cyclone. This
framework is based on the principles of RF (shown in Figure 3.3), structured by data

acquisition, processing, simulation of evacuation preparation time, and simulation results.

1. Data acquisition and processing

Household data

Demographic data Behavioral data

2. 5Simulation of evacuation preparation time |_|
"

Questionnaires

Demographic data Behavioral data

RF algorithm

i

i

Demeographic Behavioral i

| i
i Gender Age Shelter type i
| |
i Income Occupation Shelter distance |
! i
| |
| Household member Sick member Evacuation companion | |

3. Simulation result |_|

T LT T P Y TNy Y S R PR PSS P

Importance of variables

Partial Dependence Flot

e e e e e e e e e e e e e e e e e — — ——————

Figure 3.3 Framework of evacuation preparation time simulation methodology (adapted
from Chen et al. 2019 [9])
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In this study, the simulation model is based on household demographic and behavioral
data to predict the evacuation preparation time. In addition, the demographic and
behavioral data gathered by the questionnaire were used as input data for a mathematical
model (Eq. 2), which was divided into training and test data. Based on Egs. 2 and 3, the
mathematical model analyzes the data to output the results reported in the results section

of this study, which is interpreted to assess the simulation model.

3.3.1 Data Processing

The importance of the variables indicates the significance of each variable concerning
its influence on the predicting variable. Two different approaches were used to assess the
significance of factors using RF. One approach proposed by Breiman, called the out-of-bag
(OBB) method, is used to analyze the individual variable prediction strength [4]. Another
approach is splitting each variable and computing the mean decrease in node impurities
considering the Gini index classification value. According to the Gini index classification, the
values from highest to lowest reveal the importance of each individual factor over the
predicting factor. In the OBB method, the importance of variables is measured as an average
between the correct classification OBB rate and values of all trees that were replaced
randomly. Each tree measured and ranked the Gini index classification, and each variable
from the paired node was averaged across the trees. Thus, the Gini Index analysis better
indicates the relative importance of variables and their significance over dependent
variables [5]. This study uses the Gini index classification to evaluate the significance of

factors and predict household evacuation preparation times.

3.3.2 Simulation of Evacuation Preparation Time

There are two types of simulation methods: one is through evacuation drills, and the
other is computer-based simulation. This study conducts a household evacuation
preparation time simulation using a computer-based simulation model. Based on warning
dissemination, the household respondent’s reaction and the start of evacuation can be used
to identify individual household evacuation preparation times. Therefore, household
respondents mentioned how much time they needed or took to prepare before starting the
evacuation. After identifying all essential parameters of household data, an estimation of

the preparation time simulation is conducted.
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3.3.3 Random Forest

Random Forest is a high-accuracy prediction algorithm and a combination of trees
proposed by Breiman. An RF is a classifier consisting of a collection of tree-structured
classifiers {h (x, Ok ), k=1,...}, where the {0} is independent identically distributed random
vectors, and each tree casts a unit vote for the most popular class at input x [6]. The RF
classifier method was used to construct different training datasets and finally fit the
multiple classifier combination models to avoid the local maximum [7]. The RF algorithm
model is used to calculate preparation time through computer-based simulation. The RF
algorithm simulation for preparation time prediction uses questionnaire results of
household demographic and behavioral data and secondary data from previous research.
The following RF algorithm and steps were used to simulate the prediction result:

1) The bootstrap method was used to take samples for N times from the training set to

generate N datasets after dividing the original dataset into training and test sets [8].

2) According to [9], N decision trees are constructed as classification models {hi(x),
hz(x), ..., hn(X)} to classify N datasets. For the nth tree, a random vector 8, was
generated. Under the condition of sufficient trees, hn(x) = h (X, 8.). A set of models that

depend on the values of 8, can be presented as follows:

h(x,64),n=1,2,..,N (D)

Where n is the nth tree, N is the number of trees, and 6, is the random vector that is
independently distributed with 61, .., 0,1 but with the same distribution. The N
classification results are generated in this step.

3) Voting the N classification results and using the most frequently predicted class as the
final output without pruning the decision trees. The voting decision is shown in

Equation (2) [9]:

H (x) = ar gmax Y5-I (h, (x) = y) (2)
yeY

where H(x) is an ensemble classification model, which represents the most
frequently predicted class; h,(x) = y is the prediction of the variable y using the nth tree with

the variable x, and I(.)is the indicator function.

In a Random Forest, N decision trees train each subset of the original training set

derived by bootstrapping the original dataset. Therefore, draw N decision trees (Nree)
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bootstrap samples from the original dataset. Furthermore, it is possible that the input of
each node from different trees can be different, which is the subset feature M (muy) of the
original set. At each node, instead of picking the best split predictors, the myy is randomly
selected the predictors which are considered as best split among all variables [7]. Finally, it

counted majority votes to produce the output (Figure 3.4).
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Figure 3.4 Random Forest classification principle

3.3.4 Prediction of Preparation time Simulation Input Variable

During cyclone Bulbul, individual household respondents were asked about their
evacuation preparation time before evacuating. They were also asked about different
demographic and behavioral factors that are important for early evacuation, emergency
evacuation, and household evacuation preparation time. This study used ten variables
(demographic and behavioral) as input variables to predict household evacuation

preparation time (Table 3.1).
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Table 3.1 Input variables to predict evacuation preparation time concerning cyclone Bulbul

Variable Category response

Gender 0=Male, 1=Female

Age Actual age of the respondent

Income Actual household monthly income in Bangladeshi Taka
(BDT)

Occupation 0=Housewife, 1=Day laborer, 2=]Job, 3=Business,

Household member
Sick member in house
Shelter type

Shelter distance

Evacuation companion

Preparation time

4=Retired, 5=Agriculture, 6=Mechanic, 7=Very Poor
Total number of members in the house

0=No, 1=Yes

1=Govt. school, 2=0ther Govt. buildings, 3=Rich people’s
houses, 4=Relative’s house, 5=Mosque

Actual distance of individual houses from shelters in
meters

1=with children, older people, others, and relatives
2=with children, relatives, and others

3=with children, older people, and relatives
4=with children, older people, and persons with
disabilities

5=with children and relatives,

6=with children and older people

7=with children and others

8=with children and persons with disabilities
9=with older people and relatives

10=with children

11=with relatives

Households’ evacuation preparation time before start
evacuation

To construct the prediction model, first data was gathered and processed, obtained

through a questionnaire. After that, the answers to each individual question were then set

as a binary value. Table 3.2 shows how Random Forest classification works and finally

generates the output results. Here, the first ten cases of households' input variable and

output results presented followed the binary coding of Table 1.
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Table 3.2 Example of input and output procedure of Random Forest

Samp | Input Output
le No.
Gend | Ag | Inco Occupati | Househ | Sick Shelt | Shelte | Evacuati | Preparat
er e me on old memb | er r on ion time
membe | er in | type | distan | compani
r the ce on
house
1
1 34 14000 |1 5 0 1 2000 5 2
2
0 48 | 8000 |1 7 1 1 2000 11 6
3
1 55 13000 |0 4 0 1 2000 5 1
4
0 28 19000 |1 3 1 1 2000 11 2
5
0 53 | 6000 |1 4 0 1 2000 6 2
6
0 70 | 6000 |1 6 0 1 2000 6 2
7
0 53 | 6500 |1 7 0 1 2000 6 2
8
0 37 16500 |1 4 0 1 2000 6 2
9
0 78 | 5000 |1 5 0 1 2000 6 2
10
0 38 | 3000 |1 5 0 4 1500 7 3

3.3.5 Importance of Variables

The importance of the variables measures the significance of each variable concerning
their influence on the predicting variable. There are two different approaches to assess the
significance of factors using RF. One approach proposed by Breiman, called the out-of-bag
(OBB) method, is used to analyze the individual variable prediction strength [6]. Another
approach is splitting each variable and computing the mean decrease in node impurities
considering the Gini Index Classification value. According to the Gini Index Classification,
values from highest to lowest reveal the importance of each individual factor over the
predicting factor. In the OBB method, variables' importance is measured as an average

between correct classification OBB rate and values of all trees that are replaced randomly.

In comparison, the Gini Index Classification was measured and ranked by each tree and
each variable from pair node, which is average across the trees. So, analysis through Gini

Index presents better relative importance of variables and their significance over
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dependent variables [10]. This study uses the Gini Index Classification to evaluate the

significance of factors and predict household evacuation preparation time.

3.3.6 Partial Dependence Plot (PDP)

The Partial Dependence Plot (PDP) is one of the essential interpretational tools and
models that can produce graphical relationships between input variables and the output
predicted class probabilities [11]. Through the PDPs, it is useful to identify whether the
relationship is positive or negative and non-linear. Moreover, PDP can measure the
influence of a particular predictor variable over the response variable; therefore, the effects
of other variables remain constant [12]. PDP shows the influence of a particular covariate
on the response variable, while the impact of the rest of the covariates is averaged out. This
is calculated as shown in equation (3), where X, denotes the covariate for which the PDP is
being calculated, xic denotes the other remaining covariates in the training dataset other

than X, and N is the total number of records [11]:

N
1
06 =7 ) f Koo )
i=1

The PDP illustrates the marginal effect of X; on the response variable of f;, while the marginal

influences of f; and x;c are accounted for [11].
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Chapter 4 Household Evacuation Preparation Scenarios during
Early and Emergency Evacuation: A Case Study of Cyclone Bulbul
in Southwestern Coastal Bangladesh

4.1Introduction

In this chapter, the researcher has illustrated the efforts to present the importance of
households’ evacuation preparation time before starting evacuation. The relationship of
household evacuation preparation time and decision of evacuation strongly correlated with
each other concerning safe and successful evacuation. In addition, early evacuation is a key
important factor of evacuation decision which ensures evacuees’ safe and complete
evacuation to shelter or safer place during a disaster. This research investigated the
possibility of early evacuation based on the individual household starting time of evacuation
and key influential factors that affect evacuation decisions. Furthermore, this research also
analyzed data to present the difficulties households face during emergency evacuation and

specific reasons for their non-evacuation.

4.2 Cyclone Primary Stage/ Warning Stage

The cyclone warning stage, occurring between 10 hours and 36 hours before the
predicted landfall of a cyclone, defines the cyclone primary stage. When people receive the
first warning signal, they consider or start making evacuation plans. They begin
preparations for evacuation and plan when to evacuate. All survey respondents said they

received a warning about Cyclone Bulbul.

Table 4.1 Receipt of primary warning signal during Cyclone Bulbul

Gender Yes (%) No (%) Total (%)
Male 324 (100)  0(0) 324 (100)
Female 89 (100) 0 (0) 89 (100)

Total 413 (100) 0 (0) 413 (100)
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The questionnaire survey revealed that all respondents (100%), both men and
women, received the prior warning signal (Table 4.1). The results confirmed the success
of local and national authorities in disseminating the prior warning, but the

communication did not happen simultaneously in the same area.

4.3 Reasons for Non-evacuation During Cyclone Bulbul

There are different reasons why respondents did not evacuate during Cyclone Bulbul.
Of the 413 respondents, 185 did not evacuate during Cyclone Bulbul, with these
respondents citing 16 reasons for not evacuating. Among the reasons mentioned, the main

reasons for non-evacuation varied for men and women.

Reasons for non-evacuation (Multiple choice question) | N=185

I thought I would be able to move during the. . | 61.5%
The weather outside was dangerous | — 60.0%
I thought my house was safe | ey 55.4%
The road was damaged | e Al s 54.6%
I wanted to protect my house ” 60.0%

I had a sick family member at my home 33.1% 58.2%

Could not move due to work |k — 3] 50
Cyclone shelter was far away 22.3% 38.2%
Cyclone shelter was insecure | %]2%00/2]

Tough to go to cyclone shelter | ﬁ%%%g

My house was strong -lofgf)/f’%
I had a pregnent woman at my home - 91 bofﬂ%

I live in a higher altitute area H%Q.z%
I did not fall within the risk zones rl %0/60%

Reasons for not evacuating during Cyclone Bulbul

I didn't get any order .O]Q(g%o
Did not know where to go -0_03%6%
0.0% 10.0% 20.0% 30.0% 40.0% 50.0% 60.0% 70.0%
Male: 130, Female: 55;

= Female ®Male

Figure 4.1 Reasons for non-evacuation during Cyclone Bulbul

As shown in Figure 4.1, male respondents had five main reasons, with 61.5% of

respondents saying, “I thought I would be able to move during the cyclone,” followed by
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60% who said, “the weather outside was dangerous.” Approximately 55% of respondents
said they could not move because the road was damaged, 45% said they wanted to protect
their home by not evacuating, and 55% reported feeling that their house was safe to stay.
Although the percentages were not very high, the presence of a sick member in the house
(33%), work (31.5%), a distance of the cyclone shelter from home (22%), and unsafe

cyclone shelters (22%) were also cited as reasons for not evacuating.

Female respondents cited four main reasons, as shown in Figure 4.1 Sixty percent of
the respondents said, “I wanted to protect my house,” followed by 58% who claimed that
they had a sick member in the house, which is not surprising as women are usually
responsible for taking care of family members. Like male respondents, around 49% of
female respondents said, “I thought I would be able to move during the cyclone.”
Furthermore, around 38% of respondents mentioned that the shelter was far away, and
33% said the road was damaged, making it difficult to go to cyclone shelters. Although the
percentages were not very high, the dangerous weather outside (22%), unsafe cyclone
shelters (22%), and their belief that their house was safe to stay in (20%) were also cited as

reasons for not evacuating.
4.4Previous Disaster Experience

All respondents | N=413

Five times (n=13) l 3.1%

Two times (n=63) - 15.3%

One time (n=1) | .2%

Previous cyclone experience in number

0% 10%  20%  30%  40%  50%

Figure 4.2 Respondents’ previous cyclone experience before Cyclone Bulbul
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Previous disaster experience is an essential factor in making more effective decisions
during future emergencies. Figure 4.2 shows people’s past experiences of a super-cyclone
before Cyclone Bulbul. The survey results showed that of the 413 respondents, 188 (45.5%)
had experienced a cyclone four times in the past, followed by 148 respondents (35.8%) who
had experienced a cyclonic disaster three times, and 63 respondents (15.3%) had
experienced a cyclone twice. Thirteen respondents (3.1%) had experienced a cyclone five

times, and one respondent had experienced a cyclone once in the past.

4.5Evacuation During Cyclone Bulbul

In Bangladesh, males are generally the head of the household and make household
decisions. Those households representing female respondents mean that they are divorced,
widowed, or the male stays outside the village due to work or other reasons. Thus, those
females are now responsible for taking care of households and households’ decisions on
different issues. Table 4.2 shows the percentage of respondents who evacuated during
Cyclone Bulbul by gender. Of the 324 male respondents, 194 (59.9%) said they had
evacuated. Only 34 of the 89 female respondents (38.2 percent) said they had evacuated.
The evacuation rate is lower among women than men because the latter is usually the head
of the household and responsible for making decisions and executing them, while women
are more likely to be involved in caring for family members and managing household

activities.

Table 4.2 Evacuation during Cyclone Bulbul

Gender Yes (%) No (%) Total (%)
Male 194 (59.9) 130 (40.1) 324 (100)
Female 34(382) 55(61.8) 89 (100)

Total (%) 228(55.2) 185 (44.8) 413 (100)
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4.6 Evacuation Preparation and Preparation Time

People prepare for evacuation after receiving a cyclone warning by organizing things
they will need before or just after the cyclone makes landfall. According to Parvin et al.
(2019), the preparation process from the time of receipt of warning to cyclone landfall and
the prioritization of activities ahead of evacuation vary from person to person depending
on individual considerations. Most people prioritize organizing emergency goods that they
would need at the shelter. They also consider the safety of domestic animals and want to
bring their animals along with them when evacuating to shelters or other safer places. Thus,
evacuation preparation and preparation time depend on people’s perceptions of the type of

preparation needed for either emergency evacuation or early evacuation [1].

Activities before the start evacuation (Multiple choice question) | N=228

Ensuring safety of house (n=182) _ 79.8

=
g

=

=

s

E Ensuring safety of domestic animals (n=179) _ 78.5

=]

E Looking after child/children in the household _ 76.8

° (n=175) )

=

¢ Looking after older member in the household _ 739

“E (n=180) '

=

=

2 Preparing family members (n=195) _ 85.5
£

g

£ Preparing food for use at the shelter (n=188) _ 82.5
=

=]

E Organizing water and medicine (n=198) _ 86.8
-

(=)

20 40 60 80 100
Percent

Figure 4.3 Respondents’ activities before the start of the evacuation

People were involved in various activities before the start of the evacuation during
Cyclone Bulbul, and they believed that all of those activities were important. As shown in
Figure 4.3, people prioritized activities such as organizing drinking water and medicine
(87%), preparing all family members (85.5%), and preparing food for use at the shelter

(82.5%). They were also engaged in other similarly essential activities, such as ensuring the
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safety of the house (80%) and attending to children (77%) and older members (79%) who
needed special care before evacuation. Therefore, if there are children or older members in

the house, a longer preparation time is required for evacuation.

Figure 4.4 shows the respondents’ responses regarding individual household
preparation time before the evacuation commencement during Cyclone Bulbul. Most
respondents (73%) said their preparation time ahead of evacuation was 2 hours. Very few
respondents (18%) said they only took one hour, while about 9% of the respondents took

between 3 and 6 hours to prepare for evacuation.

Household preparation time| N=228
6 Hours 1=2) | 9
4 Hours (n=8) l 3.5
3 Hours n=10) [l 4.4

1 Hour (n=41) [N 15.0

0 10 20 30 40 50 60 70 80
Percent

Hours spent before the start of evacuation

Figure 4.4 Household preparation time before the start of evacuation during Cyclone

Bulbul

4.7 Early Evacuation Decision During Cyclone Bulbul

Table 4.3 shows the percentage of respondents who made an early evacuation decision
during Cyclone Bulbul by gender. Of the 324 male respondents, 171 (52.8%) decided to
evacuate early, while only 23 (25.8%) of the 89 female respondents made an early

evacuation decision.
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Table 4.3 Early evacuation decision during Cyclone Bulbul

Gender Yes (%) No (%) Total (%)
Male 171 (52.8) 153 (47.2) 324 (100)
Female 23 (25.8) 66 (74.2) 89 (100)

Total (%) 194 (47.0)  219(53.0) 413 (100)

4.8Early Evacuation Based on Starting Time of Evacuation During Cyclone
Bulbul

Early evacuation decision

Eyes HEno ® didn’t decide to evacuate

100% I I H I I
@ Evacuation order didn't decide I-:O
L evacuate until
last moment
60%
40%
20%
0% — - EE I I I

18h 17h 16h 15h 14h 13h 12h 11h 10h %h 8h 7h 6h 5h 4h 3h 2h 1h

g N ber 10
gl(;);;t;b;g 9ain) Start of evacuation in hours before cyclone Bulbul made landfall 200 f 98 I(Ii :gg anzl)

Cumulative percent

Figure 4.5 Relationship between early evacuation decision and starting time of the

evacuation of individual households before Cyclone Bulbul made landfall

This research analyzed the target population’s starting time of evacuation from their
house based on the time Cyclone Bulbul made landfall on November 10, 2019 (local time
1:00 am in the targeted area). The starting time of evacuation before cyclone landfall
depended on various factors associated with household characteristics, risk perception, and
the overall situation. As seen in Figure 4.5, the resulting cumulative distribution graph

confirms that most began evacuating 8 to 12 hours before landfall among the respondents

41



who evacuated during Cyclone Bulbul. Approximately 40% of household respondents
started their evacuation 8 h before landfall—categorized as emergency evacuation. Around
33% started evacuating 10 to 18 hours before landfall—classified as early evacuation. Only

20% started their evacuation 1 to 7 h before the cyclone made landfall.

4.9Factors Prompting Early Evacuation Decision and Early Evacuation

This research analyzed the factors that influenced early evacuation decisions and actual
early evacuation during Cyclone Bulbul and the relationship between those factors and the

actual evacuation commencement.

4.9.1 Factors Prompting Early Evacuation Decision during Cyclone Bulbul

Relationship between evacuation companions and early evacuation decision
(Multiple choice question) | N=228

I 15.1%

8.9%
Yes (110) B 1.8%

28.4%
45.8%

I 11.7%

0.0%
No (118) | 0.4%

37.4%
50.4%

0.0% 10.0% 20.0% 30.0% 40.0% 50.0% 60.0%

Early evacuation decision

Evacuation companions

m Relatives Others ® Disabled members ™ Older members ™ Children

Figure 4.6 Relationship between evacuation companions and early evacuation decision

during Cyclone Bulbul

As part of the questionnaire survey, respondents were asked whether they evacuated
family members individually or together, with 100% saying they evacuated all members
together, showing great concern for the family during a disaster. Here, the household

members are categorized as relatives, disabled members, older members, and others.
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Notably, disabled members are those who cannot move alone and therefore need assistance
from other members during evacuation. While categorizing others, they mention their
neighbors or surrounding households who are not well-known to each other. Figure 4.6
reveals the relationship between evacuation companions and early evacuation decisions
during Cyclone Bulbul. The survey results indicated a significant correlation between
evacuation companions and early evacuation decisions. Approximately 46% and 28% of
respondents with children and older members in their household, respectively, decided to
evacuate early. Conversely, around 50% and 37% of respondents with children and older

members in their household, respectively, did not make early evacuation decisions.

Relationship between preparation time and early evacuation decision |
N=228

0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%

Early evacuation decision

Preparation time spent before the start of evacuation
1 hour ®m2hours ®3hours ©4hours M6 hours

Figure 4.7 Relationship between preparation time before evacuation and early evacuation

decision during Cyclone Bulbul

Respondents were asked about their preparation time before evacuation to determine
the relationship between preparation time and early evacuation decisions. Figure 4.7
illustrates that around 71% took 2 hours as preparation time among respondents who made
an early evacuation decision, while around 11%, 9%, and 7% took 1 h, 3 h, and 4 h,
respectively before evacuation. Conversely, among those who did not make an early
evacuation decision, the majority (75%) took two hours, while only around 25% took one

hour.

43



Table 4.4 Factors prompting early evacuation decision during Cyclone Bulbul

Early evacuation decision during

Cyclone Bulbul
Yes No Total

Respondent gender M21¢ 171 52.8% | 153| 47.2%| 324| 100.0%
P=.000 Female 23| 258%| 66| 7420 89| 100.0%

18-40 77| 46.1%| 90| 53.9%| 167| 100.0%
‘3%66(;;"“1’ 41-60 85| 48.6%| 90| 51.4%| 175| 100.0%

>60 32| 45.1%| 39| 54.9%| 71| 100.0%

Housewife 71 36.8%| 12| 63.2%| 19| 100.0%
Occupation 5\";“”1‘(”/133”3’ 174| 47.29%|195| 52.8%| 369| 100.0%
Category orker
P=.847 Retired 4| 66.7%| 2| 333%| 6| 100.0%

Business/Job 91 47.4%| 10| 52.6%| 19| 100.0%
Income Group 500-5000 BDT 180 52.9% | 160| 47.1%| 340| 100.0%
P=.000* 0, ) 0,

>5000 BDT 14| 19.2%| 59| 80.8%| 73| 100.0%
Household Size <=5 138| 46.3%| 160 53.7%| 298| 100.0%
P=.663 >5 56| 48.7%| 59| 51.3%| 115| 100.0%
Sick Member No 168| 53.80% | 144| 46.2%| 312| 100%
P=.000" Yes 26| 25.7%| 75| 74.3%| 101| 100%
Shelter Distance  100-1000 m 68| 40.29%|101] 59.8%| 169| 100.0%
Group
P=.000* >1000 m 42| 71.2%| 17| 288%| 59| 100.0%

2-30 min 50| 35.7%| 90| 64.3%| 140| 100.0%
Travel Time to
Shelter 31-60 min 59| 72.00%| 23| 28.0%| 82| 100.0%
P=.000*

>60 min 1| 16.7%| 5| 833%| 6| 100.0%

* The chi-square test statistic is significant at the 0.05 level
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This study also adopted demographic and socio-economic approaches to determine the
relationship between factors that prompted an early evacuation response (based on
people’s perception) among the respondents during Cyclone Bulbul. Eight factors were
considered in this study. Table 4.4 shows that of the eight factors, four are demographic
variables, namely respondent gender, age group, household size, and the presence of a sick
member in the house. Only two of these four demographic variables, respondent gender and
the presence of a sick member in the house, were found to have a significant correlation
with early evacuation decisions. Approximately 53% of male respondents made early
evacuation decisions. Then again, only around 26% of the female respondents made early
evacuation decisions, indicating that women are less likely to be involved in the decision-
making process and more likely to take care of family members during a disaster. A
relatively high percentage of respondents with a sick member at home (approximately
74%) did not make an early evacuation decision, indicating that having a sick member in
the house makes it difficult to evacuate because the travel time and shelter distance pose a
significant challenge. Age group and household size had no significant influence on the early

evacuation decisions.

Concerning the two socio-economic variables, occupation category and income group,
occupation category had no significant correlation with early evacuation decisions. The
survey results showed that most respondents in the study area were farmers or daily
workers. All occupation category respondents indicated similar trends in early evacuation
decisions. However, the income group significantly influenced the early evacuation
decisions. Around 81% of the respondents whose income was higher than 5,000 BDT
(around $59) and about 47% of those whose income was less than 5,000 BDT did not make

an early evacuation decision.

Table 4.4 also shows that the early evacuation decision rate was higher among
respondents whose houses were far from shelters than those near shelters. This difference
confirmed a significant correlation between the shelter distance and early evacuation
decisions. Approximately 71% of respondents for whom the distance from their house to
the shelter was over 1000 meters made an early evacuation decision. In contrast, the
corresponding rate was around 40% for respondents for whom the distance was 100-1000
meters. Similarly, travel time to the shelter also showed a significant influence. According
to the survey results, most respondents (140 out of 228) took less than 30 minutes to travel

from home to the shelter suggesting the distance to the shelter was 100-1000 meters for
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most of them. The evacuation decision rate was higher for those who took 31-60 min to
evacuate at 72%. Conversely, the percentage was much lower among the other groups; six

respondents (17%) took over 60 minutes to evacuate.

4.9.2 Factors Prompting Early Evacuation Based on Evacuation Starting Time

during Cyclone Bulbul

According to the Bangladesh Meteorological Department (BMD), a cyclone evacuation
order is given at the cyclone great-danger stage or 10 h before the cyclone landfall time.
Based on this evacuation order time, this study divided respondents into two groups
considering the actual time they began evacuation during Cyclone Bulbul. One group
evacuated 10 hours or more before the cyclone made landfall, while the other group
evacuated less than 10 hours before the cyclone made landfall. Respondents who evacuated
10 hours or more before landfall were categorized into the early evacuation group, and the
other group was classified as the general or emergency evacuation group. Table 4.5 shows
the distribution of respondents based on the starting time of evacuation to a safer place
during Cyclone Bulbul. The percentage of respondents who carried out emergency

evacuation (147 of 228 [64.5%]) was higher than that of early evacuees (81 228 [35.5%]).

Table 4.5 Respondent category based on their actual evacuation starting time

Starting time of evacuation (before | Number Percent
cyclone landfall)

Less than 10 hours 147 64.5

10 hours or more 81 35.5
Number of evacuated people 228 100

Respondents were asked about the types of shelter that they evacuated during Cyclone
Bulbul. Figure 4.8 shows the relationship between the actual evacuation start time and
shelter type chosen by the respondents. Among respondents who evacuated less than 10

hours before the cyclone made landfall, the majority (92.5%) chose a government school as
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the designated cyclone shelter. In contrast, 3.4% and 2% chose other government buildings
and rich people’s houses, respectively, as their evacuation places. The survey results
revealed more variation in the choice of cyclone shelter when respondents carried out an
early evacuation. Nearly 68% of the respondents chose a government school, around 25%
chose other government buildings, and some 6% chose rich people’s houses as their

evacuation place.

Relationship between actual evacuation starting time and shelter type |
N=228

0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%

Types of shelter
B Govt. school ® Other govt. buildings ® Rich people's house ™ Relatives house ® Mosque

Actual starting time of evacuation

Figure 4.8 Relationship between the actual evacuation starting time and shelter type

during cyclone Bulbul

Figure 4.9 shows the relationship between evacuation companions and early
evacuation during Cyclone Bulbul. The results indicated a significant correlation between
evacuation companions and early evacuation. Among respondents who did not evacuate
early, around 49% said they evacuated with children, and 40% evacuated with older
members. A significantly lower percentage of respondents evacuated with others and
relatives at approximately 2.1% and 8.3%, respectively. Similarly, among respondents who
carried out early evacuations, about 47% said they evacuated with children. A relatively
lower percentage of respondents confirmed that they evacuated with older members, with
others, and with relatives at around 21%, 8%, and 22%, respectively. Households with older
members tend to evacuate early because they already know the consequences of evacuation,
such as longer preparation times and longer travel times. Considering these difficulties, they

are more likely to evacuate early for their safe and complete evacuation.
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Relationship between actual evacuation starting time and evacuation
companions (Multiple choice question) | N=228

. 8.3%
2.1%
Less than 10 hours H 1.0%

39.9%
48.6%

. 22.4%
8.4%
10 hours or more & 1.2%

_ 21.0%
47.3%

0.0% 10.0% 20.0% 30.0% 40.0% 50.0% 60.0%

Actual starting time of evacuation

Evacuation companions

H Relatives Others mDisabled members ™ Older members ™ Children

Figure 4.9 Relationship between the actual evacuation starting time and evacuation

companion during Cyclone Bulbul

The survey results showed that only 24.5% of households had sick members at home.
Figure 4.10 shows that only around 12% said they had a sick member among respondents
who did not evacuate early. In comparison, the percentage was much higher at about 32%
among early evacuees during Cyclone Bulbul if sick members in the house were also

intended to evacuate early because of longer preparation and travel times.

Relationship between actual evacuation starting time and having a sick
member | N=228

Less than 10 hours

10 hours or more

Sick member in house
® Don't Have ™ Have

Actual starting time of evacuation

Figure 4.10 Relationship between actual evacuation starting time and having a sick

member in the house
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The travel time from home to shelter is also an essential factor influencing evacuation
decisions. Figure 4.11 suggests that most household respondents in both groups took 10-
60 minutes of evacuation travel time. Among respondents who did not evacuate early,
nearly 43% took 10 to 30 minutes, and 46% took 31 to 60 minutes in evacuation travel time.
Among respondents who were early evacuees, the majority (73%) took 10 to 30 minutes,
while only around 17% took 31 to 60 minutes in evacuation travel time during Cyclone
Bulbul. For respondents in both groups, the distance from their house to the shelter was
between 100 and 1000 m, explaining why they took a similar time even though the

percentage differed.

Relationship between actual evacuation starting time and travel time to
shelter | N=228

0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%

Actual starting time of evacuation

Travel time to shelter
® Less than 10 minutes ™ 10 to 30 minutes ™31 to 60 minutes = More than 60 minutes

Figure 4.11 Relationship between actual evacuation starting time and travel time to shelter

Respondents were asked about their preparation time before starting the evacuation to
determine the relationship between the preparation time and actual evacuation starting
time. Figure 4.12 shows that a little over half of the early evacuees (51%) took 2 h in
preparation time, while approximately 28%, 11%, and 9% took 1 h, 3 h, and 4 h, respectively.
Among those who did not evacuate early, the majority (86%) took two hours, while only
around 12% took one hour. Earlier evacuation shows a variation in preparation time—

ensuring sufficient time for preparation before starting evacuation.
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Relationship between actual evacuation starting time and preparation time
before evacuation | N=228

0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%

Actual starting time of evacuation

Time spent on preparation before starting evacuation
B ] hour m2hours ®3hours ©4hours M6 hours

Figure 4.12 Relationship between actual evacuation starting time and preparation time
4.10 Factors Prompting Evacuation Response During Cyclone Bulbul

All respondents | N=413

o, RS

0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%

Evacuation during cyclone Bulbul

Previous disaster experience in number
EOne time ®Two times ® Three times Four times ™ Five times
Figure 4.13 Relationship between previous disaster experience and evacuation during

Cyclone Bulbul

Figure 4.13 shows that among respondents who were not driven to take steps to
evacuate during Cyclone Bulbul, around 26% had experienced a disaster two times in the
past, 40.5% three times, 31% four times, and 2% five times. Among those prompted to

evacuate, nearly 7% had experienced a disaster twice in the past, 32% three times, 57%
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four times, and 4% five times. The result indicated that those who had experienced disasters

more times took effective evacuation decisions compared to those who had less experience,

showing their effectiveness during an emergency.

Table 4.6 Factors prompting evacuation during cyclone Bulbul

Evacuation during Cyclone Bulbul
Yes No Total
Male 194| 59.9%| 130| 40.1% | 324 100.0%
Respondent gender
P=.000"
Female 34| 38.2%| 55| 61.8%| 89| 100.0%
18-40 83| 49.7%| 84| 50.3%| 167 | 100.0%
Age Group
41-60 103| 589%| 72| 41.1% | 175( 100.0%
P=.179
>60 421 59.2%| 29| 40.8%( 71| 100.0%
Housewife 3| 15.8%| 16| 84.2%| 19| 100.0%
Occupation Farmer/Daily 212| 57.5% | 157 | 42.5%| 369 | 100.0%
Worker
Category
P=.004" Retired 41 66.7% 2| 33.3% 6| 100.0%
Business/Job 9| 47.4%| 10| 52.6%| 19| 100.0%
500-5000 BDT 172 50.6% | 168| 49.4% | 340 100.0%
Income Group
P=.000*
>5000 BDT 56| 76.7%| 17| 23.3%| 73| 100.0%
= [ 0 0
Household Size <=5 162 | 54.4%| 136| 45.6% | 298| 100.0%
P=.579 >5 66| 57.4%| 49| 42.6%| 115| 100.0%
Sick Member No 185| 59.3%| 127 | 40.7% | 312 100.0%
P=.003" Yes 43| 42.6%| 58| 57.4%( 101| 100.0%

* The chi-square test statistic is significant at the 0.05 level
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This study used demographic and socio-economic approaches to determine the
relationship between factors that prompted an evacuation response among respondents
during Cyclone Bulbul in the same way it did for early evacuation decisions. Six factors were
considered in this study. Table 4.6 shows that of these six factors, four are demographic
variables, namely respondent gender, age group, household size, and the presence of a sick
member in the house. Only two of the four demographic variables, respondent gender and
the presence of a sick member in the house, had a significant correlation with evacuation.
Approximately 60% of the male respondents evacuated during Cyclone Bulbul. Only 38% of
the female respondents evacuated. The results also showed that the evacuation rate was
higher among respondents who did not have a sick member in the house (59%) than among
those who had (43%), suggesting that it was difficult and unsafe to evacuate with a sick

member. Age and household size had no significant influence on evacuation.

Table 4.6 shows that both the socio-economic variables, occupation category, and
income group significantly influenced evacuation during Cyclone Bulbul. Respondents from
all occupational categories had almost similar trends for evacuation except housewives as
they are more likely involved in taking care of family members and related things than in
managing evacuation during a disaster. Similarly, the income group also had a significant
influence on evacuation. The evacuation rate was around 77% among those whose income
was higher than 5,000 BDT and about 51% among respondents whose income was less than
5,000 BDT. An informal conversation during the questionnaire survey confirmed that low-
income people always want to protect their house during a disaster, they are therefore

reluctant to evacuate and want to stay home during an emergency.

4.11 Summary

This study analyzed survey data to evaluate perceptions about the early evacuation and
emergency evacuation during Cyclone Bulbul, including the factors that influenced
evacuation decisions and the reasons for non-evacuation. The survey results revealed that
evacuation with all family members was a significant concern in early and emergency
evacuations. The findings of this study are important as they shed light on the reasons for
non-evacuation and people’s evacuation behavior. This understanding can contribute to a
safe and successful evacuation during a cyclone or related disaster. The key findings of this

study are explained in detail.
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Based on the results presented in this chapter, we can draw some essential concluding

remarks as follows:

= All household respondents mentioned that they received a primary warning of
the cyclone. However, only about half (55.2%) of the respondents evacuate
during cyclone Bulbul.

= There are different types of preparation needed before starting evacuation.
However, the type of preparation they mentioned here is equally important,
while their top priority is water and medicine and preparing family members.
The preparation of necessary things before starting evacuation, which needs
around two hours to manage well.

= Like the evacuation decision and evacuation, households are still not interested
in making early evacuation decisions. About 47 percent of households took early
evacuation decisions before the official evacuation order during cyclone Bulbul.
However, is actual case based on the starting time of individual household
evacuation during cyclone Bulbul, only about 33 percent of household
respondents made early evacuation.

= Specific vulnerable members in the house are a significant concern while
respondents consider early evacuation and emergency evacuation.

= Evacuation companion, evacuation preparation time, travel time, gender,
income, and sick member in the house are common factors that affect early and

emergency evacuation decisions during a cyclone.
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Chapter 5 Evacuation Preparation Time During a Cyclone:
Random Forest Algorithm and Variable Degree Analysis

5.1Introduction

Cyclones are frequent global occurrences, especially in Bangladesh. They cause
casualties and injuries that need to be considered for future disaster cases to reduce the risk
to inhabitants and the risk area. In this chapter, this research proposed a computer-based
simulation method to predict individual household evacuation preparation time before
starting an evacuation using the RF algorithm. The prediction of household evacuation time
based on household demographic and behavioral characteristics was derived from a
questionnaire survey considering cyclone Bulbul in 2019. In addition, the proposed
methodology also investigated the importance of variable degree analysis to identify
individual variable impacts while predicting evacuation preparation time. Finally, it shows
the detailed relationship between household evacuation preparation time and all individual
input variables to understand the specific issues responsible for varying preparation times

before starting an evacuation.

5.2 Case Study

A questionnaire survey was conducted in Gabura union, Shaymnagar Upazila,
Bangladesh, three months after cyclone Bulbul occurred on November 10, 2019. A total of
413 households out of 1971 households in 3 villages between 9 villages (most affected by
cyclone Bulbul) were chosen to collect demographic and behavioral data through a
questionnaire survey. First, the author collected household information from local
government offices. Random sampling was then used based on house numbers to select the
individual house for the questionnaire survey. A questionnaire survey was administered to
measure the impact of different factors that influenced household evacuation preparation
time during cyclone Bulbul. One respondent represented an individual household to answer
the questionnaire. The selected respondents were the heads of the households and were
also responsible for making decisions for the whole household. The original questionnaire

survey was drafted in English and distributed in the selected area after being translated into
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Bengali. Questionnaire responses were gathered through visits to individual households,
informal interviews with key informants, Cyclone Preparedness Program (CPP) unit team
leaders, and local government representatives. The key informants were college teachers,
former NGO members, ward members, and a Union Parishad chairman. The data were
collected based on household demographic and behavioral and household evacuation
preparation data and further analyzed to predict household evacuation time, focusing on

future disasters.

5.2Data
5.2.1Demographic Data

The questionnaire gathered demographic data, including respondent age, gender,
household members, income, occupation, and sick members in the household during
cyclone Bulbul. A total of 413 households were investigated for the questionnaire survey,
and 228 households confirmed that they evacuated during cyclone Bulbul. Therefore, we
used the data from 228 individual households for this study of the simulation process; their
answers were used as input variables. Here, respondents represent individual households

and are responsible for making decisions during disasters.

Furthermore, age and gender represent the age and gender of the head of the household.
Data on household members, income, occupation, and sick members during cyclone Bulbul
were also collected for each household. Table 5.1 shows the overall statistic of the
household demographic condition obtained from the questionnaire survey. About 79
percent of the household respondents (head of household) are male. In Bangladesh's
perspective, males are the household head and responsible for making household decisions.
About 40 percent of the respondents identified as young people between 18-40 years while
only 17 percent are aged people. People in this area are mostly low to middle-income groups,
and their main occupation is day labor. Concerning the family size, more than half (about 60
percent) are medium-level households having 4-6 members. During the evacuation stage,
about 25 percent of households have sick members in the house who need help while

moving from one place to another.
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Table 5.1 Statistic of household demographic data

Variable Categories of Distribution
response of
responses
(%)
Gender Male 324 (78.5)
Female 89 (21.5)
Age 18 - 40 years 165 (40)
41 - 60 years 174 (42)
over 60 years 70 (17)
No response 2D
Monthly family income (BDT) 500 - 2000 48 (11.62)
2500-7000 350 (84.74)
7500 -10000 12 (2.91)
12000 - 20000 3(.73)
Occupation of household head Day labor 369 (89.35)
Business 17 (4.12)
Housewife 19 (4.60)
Retired 5(1.22)
Permanent job 2 (.48)
Unemployed 1(.24)
Family members 1 - 3 persons 99 (23.97)
4 - 6 persons 253 (61.26)
7 - 9 persons 50 (12.11)
10 and above 11 (2.66)
Sick member in the house No 312 (75.5)
Yes 101 (24.5)

5.2.2Behavioral Data

After hearing the warning signal for cyclone Bulbul, the household respondent decided
to evacuate. Furthermore, if they decided to evacuate, they needed some preparations

before starting the evacuation. Different factors influence household evacuation
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preparation time. Therefore, it is necessary to investigate the relationship between basic

household information and behavioral activities during the evacuation procedure. Thus,

during the questionnaire survey focusing on cyclone Bulbul, respondents were asked

questions about their households, such as evacuation companions, shelter distance, and

shelter type, to determine their behavioral activities during the evacuation.

Table 5.2 Statistic of household behavioral data

Variable Categories of Distributio
response n of
responses
(%)
Type of evacuation shelter Government school 191 (83.8)
Other govt. building 25 (11)
Rich peoples’ house 8(3.5)
Relative’s house 3(1.3)
Mosque 1(.4)
Shelter distance 100 -500m 104 (39)
600 - 1000 m 65 (25)
1100 - 1500 m 50 (19)
1600 - 2000 m 45 (17)
Evacuation companion (multiple Alone 0
answers) With children 219 (48.1)
With elder 150 (33.0)
With disable 5(1.1)
With others 20 (4.4)
Relatives 61 (13.4)
Preparation time spent before 1 hour 41 (18)
starting evacuation 2 hours 167 (73.2)
Need preparation time for evacuation 3 hours 10 (4.4)
4 hours 8 (3.5)
6 hours 2(.9)
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Table 5.2 presents the overall statistics of household behavioral data during the
evacuation stage, obtained through the actual response of household respondents. The
majority of household respondents (83.8%) evacuated the Government school/designated
shelter, and about 64 percent of the total household respondents' house distance to shelter
is ranges between 100 to 1000 meters. During the evacuation time, all households had
someone with them and half of the household respondents evacuated with children and
about 33 percent with older. Finally, household respondents were asked about their
preparation time during and future concerning similar cases. About 73 percent among 228
household respondents mentioned needing 2 hours as preparation time before starting
evacuation. While only 18 percent mentioned it as 1 hour, the rest of them said it was 3 or

4 or 6 hours.

5.3Implement the Model

The efficiency of an RF model greatly depends on the statistical validation of the
original dataset. The training dataset is employed to fit the model. At the same time, the
validation dataset was used to produce a biased evaluation over the training dataset to fit
the model. The test dataset was used to produce an unbiased assessment to fit the final
model over the training dataset. However, defining the dataset and ratio to fit the model
mainly depends on the database. Suppose the database is small, for example, 100 or less, in
this case, better to use cross-validation to find out the best fit ratio of the model. The training
dataset ratio should be higher for the larger database to get a better machine learning rate.
Furthermore, previous studies mentioned concerning the RF model for large databases, the
best fit for training data ranges between 70-90% and for test data between 10-30% [1] [2]
[3] [4]- In this study, the dataset (over 200) was taken and divided into training and test
data, where the training and test data were 70% and 30%, respectively. Training data were
used to build the model, and the test set was used to test the generalization ability of the
simulation process. Furthermore, for the prediction of input data to set out the best fit for
Myy and neee for the training and testing data analysis, the estimated error rate was
determined. Therefore, the system checked the best myy, niee, and number of nodes for each
variable and tried to split at each step. The classification of the RF of mgy, nye., and node
sizes were 6, 500, and 3, respectively. We then analyzed the variable of importance and
checked the detailed relationships of input variables and the predictor (preparation time)

variable through the significance of variable commands and PDP.
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5.4Prediction of Preparation Time

After the simulation process, the classification accuracy of the RF model was found to
be 85.71%. This high accuracy indicates the great practicability of the model, which is
reliable for considering analysis results. Even though the RF simulation results produced
high precision, the prediction accuracy can be increased by using a larger database and
increasing the training data ratio by 90 percent. This is one possible way to reduce the error
rate of prediction results. The dependent variable ‘preparation time’ has six categories of
responses based on the actual responses of individual household respondents. Based on the
classification results from the prediction simulation, which was gathered from the
questionnaire survey, the prediction of preparation time was produced. Firstly, the
individual respondent’s responses against individual questions were imported into the

prediction model as an input parameter to generate the output to predict preparation time.

Table 5.3 The prediction results of RF for input variables and the actual response of

respondents
Ca |Gen | A |Inco | Occupa | House | Sick Shel | Shelt | Evacua | Prepara | Prepara
se | der ge | me tion hold mem | ter er tion tion tion
No memb | ber type | dista | compa | time time
er in nce nion (actual (predict
hous respons | ed)
e e)
4 0 28 | 9000 |1 3 1 1 2000 | 11 2 1
6 0 70 | 6000 | 1 6 0 1 2000 | 6 2 2
7 0 53 | 6500 |1 7 0 1 2000 | 6 2 2
15 |0 46 | 2500 | 1 3 1 1 1500 | 6 4 2
17 |0 40 | 3000 | 1 5 0 2 1500 | 6 2 3
18 |1 42 | 3000 |1 3 0 2 1500 | 9 2 2
20 | O 69 | 2500 | 1 5 0 3 1500 | 6 4 3
21 |0 49 | 6000 | 1 8 0 1 1500 | 6 6 2
29 |1 68 | 1000 | 1 1 1 1 1500 | 4 1 1
35 |1 38 | 3000 |1 3 0 1 1500 | 3 2 2

Table 5.3 shows the predicted results where preparation time (actual response) was

the response obtained from individual respondents during the questionnaire survey. While
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preparation time (predicted) was generated through simulation. There is the total of 228
households’ data where 170 are training data (70%) of original data to be considered for
prediction. Table 5.3 represents the first 10 cases of randomly selected households and

compares them with actual and predicted results.

Table 5.4 shows the comparison results of the actual and predicted responses for each
category of preparation time. The prediction results for 1 hour, 2 hours, 3 hours, 4 hours,
and 6 hours are 8, 60, 2, 0, and 0, respectively. In contrast, the actual results for 1 hour, 2

hours, 3 hours, 4 hours, and 6 hours are 7, 57, 3, 2, and 1, respectively.

Table 5.4 Prediction and the actual response of household evacuation preparation time

Prediction of | Actual case of preparation time

preparation time

1 hour 2hours | 3hours | 4hours | 6 hours | Total
1 hour 5 1 2 0 0 8
2 hours 2 55 1 1 1 60
3 hours 0 1 0 1 0 2
4 hours 0 0 0 0 0 0
6 hours 0 0 0 0 0 0
Total 7 57 3 2 1 70

5.5Importance of Variables

The RF model also helps to detect relative importance among the variables using the
mean decrease in Gini. This indicates the influence of individual variables on the predictive

model performance.

Figure 5.1 shows that out of nine evacuation preparation time influencing variables,
evacuation companion (17.37%) and age (13.31%) during cyclone Bulbul had the most
significant influence on household evacuation preparation time. Shelter distance (7.6%),
income (7.50%), shelter type (7.22%), and household members (6.49%) were also essential
variables with higher impact, while gender (5.40%) and sick member (5.06%) had little
effect on evacuation preparation time; occupation (3.18%) had almost no impact on

evacuation preparation time.
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Figure 5.1 Importance of variables

5.6 Partial Dependence Plot

The Partial Dependence Plot (PDP) for all input variables is shown in Figure 5.2. It
shows the relationships between the independent (demographic and behavioral) variables
and the dependent variable (preparation time). It should be noted that in Figure 5.2, the y-
axis does not indicate the actual responses of individual household preparation times;
instead, the y-axis shows the average probability of preparation time for individual
households, except for those on the x-axis, that differed from one, and therefore average the

responses listed in Table 3.1 across the cells.

The PDP for shelter type shows that when people choose evacuation shelters other than
government schools and buildings, they take a longer time for preparations before starting
their evacuation. When respondents chose a relative's house or mosque (religious place) as
evacuation places, the average preparation time was approximately 1.95 h, while choosing
designated evacuation shelters or rich people's houses required less than 1.90 h. According
to Figure 5.2 (2 Gender), the probability of the average preparation time for male
respondents was higher than that for female respondents. Male respondents needed
approximately 1.94 h, while female respondents needed about 1.77 h. Similarly, if there

were sick members in the household, they required less time than households without sick
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members: The average preparation time was about 1.93 h if there is a sick member in the

house versus about 1.85 h for without sick member (Figure 5.2 [3 Sick member]).
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Figure 5.2 Partial Dependence Plot of all input variables
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Furthermore, the PDP for age (Figure 5.2 [4 Age]) shows that younger people needed
less time to prepare before starting to evacuate. Respondents over the age of 45 needed an
average of 1.97 h of evacuation preparation time, while very young respondents aged
between 18 and 20 took only around 1.35 h for preparation. Similarly, respondents aged 22
and 27 years and 33-41 years took an average preparation time of about 1.71 hand 1.93 h,
respectively. According to Figure 5.2 (5 Occupation), among the different occupations,
housewives and day laborers required longer preparation times (around 1.94 h). In
comparison, people with jobs or who worked in business needed shorter preparation times
than other occupations (1.90 h). In addition, monthly household income from 500 BDT to
12,000 BDT showed little difference when considering household evacuation preparation
time, varying from 1.89 to 1.92 h. Furthermore, Figure 5.2 (6 Income) shows that monthly
household income of about 500-2500 BDT, 4000 BDT, 6000 BDT, and 6500 BDT needed an
average preparation time of approximately 1.91 h, while households with monthly incomes
around 3000 BDT and 5000 BDT needed a slightly longer preparation time of about 1.93 h.
The PDP for household members (Figure 5.2 [7 Household_members]) shows that those
who had four household members needed the most time (around 1.95 h), while those who
had five members needed the shortest preparation time (1.90 h). On the other hand,
households with seven or more members needed an average preparation time of 1.93 h.
Moreover, when the distance between the shelter and the individual household was shorter,

they required more time than those sheltered further away.

Figure 5.2 (8 Shelter_distance) shows that if the shelter distance from individual houses
was less than 300 m, those households took a longer preparation time than other
households. In contrast, if the shelter distance was 1300-1500 m, these households spent
the least amount of time preparing (about 1.89 h), while if the shelter distance was between
300 and 900 m and 1600-2000 m, the household evacuation preparation time was 1.92-
1.91h and 1.90-1.91 h, respectively. Regarding evacuation companions (Figure 5.2 [9
Evacuation_companion]), when evacuating with children and relatives, the preparation
time was approximately 1.91 h; in contrast, preparing to evacuate with older people and
relatives took less time (around 1.77 h). In comparison, while evacuating with children,
relatives, and others or with children, older people, and relatives or with children, older
people, and persons with disabilities, the preparation time varied between 1.86 and 1.88 h.

Similarly, if they evacuated with children and others, with children and persons with
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disabilities, with older people and relatives, or with children or relatives, then preparation

time varied between 1.79 and 1.83 h.

5.7 Summary

This study represents the first approach to predict household evacuation preparation
time using Random Forest (RF) for a cyclone disaster focusing on the coastal community in
Bangladesh. Furthermore, the detailed analysis of the importance of variable and Partial
Dependence Plot (PDP) revealed the essential factors that affect and distinguish the
household evacuation preparation time either longer or shorter before starting evacuation.
Based on the results presented in this chapter, we can draw some essential concluding

remarks as follows:

= The random forest to predict the household evacuation preparation time showed
about 86 percent accuracy over the actual results of preparation time.

= The importance of variable analysis showed evacuation companion and age are the
most important factors that affect the household evacuation preparation time. The
Gini Index Classification values of evacuation companion and age are 17.37 and
13.31 percent, respectively.

= Similar to the importance of variables, the Partial Dependence Plot (PDP) found a
significant correlation between household evacuation preparation time with
evacuation companion and age. It revealed that household respondents evacuate
with children and relatives take longer preparation time, around 1.91 hours. On the
other hand, evacuating with older people and relatives took less time to prepare
before starting evacuation. Age showed that younger people need less preparation
time than older people. It showed that respondents aged over 45 years need 1.97
hours as preparation time while respondents need 1.35 hours only as preparation

time whose age is between 18 to 20 years old.
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Chapter 6 Relationship Between Household Decision of Shelter
Choice and Types of Evacuation Shelter

6.1Introduction

This chapter comprises details of household respondents' responses by individual
questions from the questionnaire survey. Furthermore, it presented the relationship of each
variable, in particular, to test and support the research hypothesis. This section aimed to
determine households' preferences and behavior regarding the selection of evacuation
shelters and the actual evacuation shelters provided, focusing on Cyclone Bulbul and the
households in the coastal area in Bangladesh. The results showed that most households
choose an evacuation shelter based on the responsible authority’s advice, and most choose
government school/designated shelter as their evacuation destination. In addition,
evacuation departure time, travel time, the actual time of stay at the shelter after evacuation,
and household income significantly influence households’ choice of evacuation shelter and
the actual types of shelter during the evacuation, especially in coastal regions, during

cyclones.

6.2 Questionnaire and Typical Response of Household to Cyclone Bulbul

According to the questionnaire analysis, out of 413 households, 228 households
confirmed evacuation during Cyclone Bulbul. Household respondents were asked about
their gender, age, household size, and average monthly income. Similarly, respondents were
asked about their departure time before cyclone landfall, house distance to the nearest
shelter, evacuation travel time from home to shelter, initial plan of how long they want to
stay at a shelter before evacuation, and actual time to remain in a shelter after evacuation.
In addition, respondents were asked about their evacuation shelter choice based on how to
decide the way they selected and the type of shelter evacuated. The types of shelter are
categorized as 1. Government school or designated cyclone shelter, 2. Other government

buildings, 3. Rich people's house, 4. Relative's house and 6. Mosque (religion place).
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Table 6.1 Summary of variables and response used in this research

Variable N M SD Variable Description

Gender 413 1.22 41 Household respondents’ gender

Age 413 45.95 13.77 Household respondents' actual age

Household Size | 413 4.82 1.85 Total number of members in the
household

Income 413 4201.69 | 1914.88 | Monthly household income in BDT
(Bangladesh Taka)

Evacuation 228 8.58 2.72 Household evacuation start time

Departure time from home before cyclone landfall
in hour

House Distance | 228 840.20 | 490.79 House distance to shelter in meter

Travel Time 228 33.20 24.14 Evacuation travel time from home
to shelter in minutes

Plan of shelter | 228 11.51 3.49 Plan to stay at the shelter before

stay time evacuation in hours

Actual Shelter | 228 14.93 3.47 Actual time to stay at the shelter

stay time after evacuation in hours

Shelter types 228 1.24 .62 Types of shelter

Shelter choice | 258 1.59 .83 The household decision of

decision evacuation shelter choice

Similarly, the evacuation shelter selection was categorized as 1. Responsible authority's
advice, 2. Decide my own, 3. Discuss with relatives, 4. Decide by a shelter near to house, 5.
Consider road condition, and 6. Concerning high place. Table 6.1 shows the typical
response of each variable followed by the number of household respondents’ responses (N),

mean (M), and standard deviation (SD) concerning their experience during Cyclone Bulbul
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in November 2019. Here gender, age, household size, and income were consistent with
demographic characteristics. On average, the household respondents' age was around 46
years and in the study area majority of the household size was between 4 and 5 (M=4.2).
Households in this area are mainly distinguished as low-income households, and the
monthly average income was 4200 BDT (Bangladeshi Taka). According to Table 6.1, around
46 percent of household evacuees started their evacuation 10 to 12 hours before the cyclone

landfall.

On the other hand, about 31 percent of evacuees started evacuation just 1 to 10 hours
before, and around 24 percent started 12 to 18 hours before the cyclone landfall. On an
average of 8.58 hours per household, that started evacuation before cyclone landfall. More
than half of the households who evacuated, around 53 percent household distance to shelter
was between 500 m to 1000 m, while the average distance per household was about 840 m.
Following the average house distance to shelter, which is around 840 m, per household took
on an average of 33.20 minutes for their evacuation travel time from home to shelter. In
addition, before evacuation, the household plan for stay at the shelter was an average of
around 11 hours, while after evacuating to shelter per household stay at the shelter was an

average of about 15 hours.

Table 6.1 indicates the majority of the household, around 83 percent, choose
government schools or designated cyclone shelters for evacuation place. On the other hand,
only about 11 percent went to other government buildings while only around 6 percent took
shelter atrich people's houses, relatives' houses, or mosques (religious places). Around one-
third, 69 percent of the household choose the evacuation route following by responsible
authority's advice. In comparison, only around 25 and 17 percent prefer the evacuation

route by themselves or by discussing it with relatives.

6.3 Household Decision of Evacuation Shelter Choice

According to Table 6.2, the majority of the household, about 70 percent, decide their
evacuation shelter based on responsible authority’s advice followed by deciding by own,
discuss with relatives, deciding by a house near to shelter, considering road condition and,
considering the high place and the percentage is 21.5, 19.7, 0.9. 0.0 and 0.4, respectively.
Furthermore, from Ward 2 (Gabura and Gabura Dakshin Para) majority (about 67 percent)

of the household choose the evacuation shelter by themselves. Around 29 percent were
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chosen by discussing with relatives. In comparison, only around 7 percent and 2.2 percent
of household evacuees followed responsible authority’s advice and considered road
conditions, respectively, choosing their evacuation shelter. Households from Ward 3
(Jeliakhali and Lebubunia) all households (around 99 percent) followed the authority’s
advice while choosing their evacuation shelter. Less than 2 percent of the household choose
their evacuation shelter considering the nearest shelter from their home. On the other hand,
in households from Ward 4 (Lakshmikhali and Kholishabunia), 73 percent of household
evacuees chose their evacuation shelter both decide by themselves and discuss with
relatives. In contrast, only around 24 percent were followed by the responsible authority’s

advice to choose their evacuation shelter for evacuation.

Table 6.2 Evacuation shelter choice during cyclone Bulbul (multiple answers)

Ward No. (Village Responsib Decide Discuss Decide Decide Consider  Total

Name) le by own  with by a by high N)

authority’ (%) relatives  house consider  place

s advice (%) near to road (%)

(%) shelter conditio

(%) n
(%)

Ward 2 (Gaburaand 6.7 66.7 28.9 0.0 2.2 0.0 45
Gabura Dakshin
Para)
Ward 3 (Jeliakhali 98.6 0.0 0.0 1.4 0.0 0.0 146

and Lebubunia)

Ward 4 24.3 73.0 73.0 0.0 0.0 0.0 37
(Lakshmikhali and

Kholishabunia)

Total 69.7 21.5 19.7 0.9 0.0 0.4 228

X2=223.47, p =.000; (Chi-square statistic is significant at 0.05 level)

6.4 Types of Evacuation Shelter During Cyclone Bulbul

According to Table 6.3, the majority of the household, about 84 percent, evacuated at
govt. School/designated shelter during Cyclone Bulbul. Only about 11 percent took shelter

at other govt. buildings while the rest of them took shelter at rich people’s houses or
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relatives' houses or Mosques (religious places). Furthermore, from Ward 2 (Gabura and
Gabura Dakshin Para) and Ward 3 (Jeliakhali and Lebubunia), most of the households
evacuated at govt. school /designated shelter, which is about 80 and 99 percent respectively.
On the other hand, from Ward 4 (Lakshmikhali and Kholishabunia), more than 50 percent
of households were evacuated at other govt. buildings, while only around 27 and 13.5
percent people took shelter at govt. school/designated shelter and rich people’s house,

respectively.

Table 6.3 Types of shelter household evacuated during Cyclone Bulbul

Ward No. (Village Govt. Other Rich Relative’s Mosque Total
Name) school Govt. people’s house (religion N)
(%) building house (%) place)

s (%) (%)

(%)
Ward 2 (Gaburaand  80.0 111 6.7 2.2 0.0 45
Gabura Dakshin
Para)
Ward 3 (Jeliakhali 99.3 0.0 0.0 0.7 0.0 146
and Lebubunia)
Ward 4 27.0 54.1 13.5 2.7 2.7 37

(Lakshmikhali and
Kholishabunia)
Total 83.8 11.0 3.5 1.3 0.4 228

X2=120.56, p =.000; (Chi-square statistic is significant at 0.05 level)

6.5 Test of Research Hypothesis

Table 6.4 presents the correlations among variables used in this research. During
cyclone Bulbul evacuation, shelter choice was partially supported by some significant
correlations with different factors. According to Table 6.4, households' shelter choice and
travel time negatively correlated with each other. Households took longer evacuation travel
time while following responsible authority's advice, choosing evacuation shelter for
evacuation. Notably, evacuation shelter choice and evacuation departure time were
positively correlated with each other. Households who followed responsible authority's

advice while choosing evacuation shelter tended to start their evacuation from home to
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shelter earlier. In addition, household evacuees tended to choose government buildings or
designated shelters for evacuation, while most of the following responsible authorities

advise choosing their evacuation shelter.

Table 6.4 Intercorrelations among each variable to other variables

Gende | Age Household | Incom Evacuatio House Travel Plan of | Actual Shelter Shelter
r size e n distanc time shelte shelter types choice
departure e r stay | stay decisio
time time time n

Gender 1 -161 -123 -196* -135" .001 -185" -108 -119 .098 203"
Age -161" 1 .074 -118 .067 .046 .072 121 .040 -012 -.064
Household -123 .074 1 309" .063 .048 .013 .053 -.026 .035 .077
size
Income -196™ -118 .309" 1 -104 -129 -.088 -165" 135" -165" -155*
Evacuation | -.135 .067 .063 -104 1 .022 -.144 117 -253" .206™ 321"
departure
time
House .001 .046 .048 -129 .022 1 631 .011 -.046 -.106 .029
distance
Travel -.185" .072 .013 -.088 -144" 631" 1 -1317 466" -.328" -459"
time
Plan of | -.108 121 .053 -165" 117 .011 -1317 1 -.046 186" .118
shelter
stay time
Actual -119 .040 -.026 .135* -.253" -.046 466" -.046 1 -438" -.623"
shelter
stay time
Shelter .098 -012 .035 -.165 .206™ -106 -.328" 186 -438" 1 352
types
Shelter 203" -064 | .077 -.155 321" .029 -459" 118 -.623" 352" 1
choice
decision

*Correlations is significant at the 0.05 level (2-tailed)

* Correlations is significant at the 0.01 level (2-tailed)

Table 6.4 indicates a negative correlation of types of shelter that households evacuated
with their evacuation travel time. It revealed that if households choose evacuation shelter
other than govt. building or designated shelter like different types of govt. building, or rich
people's house, or relatives house or Mosque (religion place) they took less time for
evacuation from home to shelter. Notably, it shows a statistically significant correlation with
types of shelter households evacuated with households' primary plan to stay at evacuation

shelter just after they decided to evacuate. Households who chose designated shelter for
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evacuation, primarily those determined to stay at the shelter less time than those who chose
other types of shelter. On the other hand, types of shelter and actual time to stay at the
shelter were negatively correlated. In genuine cases, households spent longer staying at the

shelter after evacuation, evacuating to a shelter that is govt. building or designated shelter.

Furthermore, Table 6.4 indicates a significant correlation between gender and
evacuation departure time of households. The tendency revealed that males wait for a long
time compared with females to start their evacuation from home to shelter. Similarly, males
took a long time evacuating from their homes to shelter. Low-income households plan to
stay at the shelter longer while deciding evacuation and choosing the designated shelter

following the responsible authority's advice.

6.6 Summary

Based on the results presented in this chapter, we can draw some essential concluding
remarks as follows:
= Household choice of evacuation shelter greatly influences the ward's location or
community. However, most (about 70%) household respondents choose
evacuation shelters following the responsible authority’s advice.
= Similarly, as evacuation shelter choice, around 84 percent of the household took
shelter in a designated shelter during cyclone Bulbul.
= The types of shelter households evacuated during cyclone Bulbul significantly
influenced by evacuation departure time, plan to stay at the shelter, and
household choice of the evacuation shelter.
= Furthermore, household choice of evacuation shelter is also significantly
influenced by gender, evacuation departure time, and types of the evacuation

shelter.

We believe that our analyzed results from this chapter makes a significant contribution
to the literature because the findings can act as a reference for researchers, disaster
management authorities, governments, and non-government agencies to come up with new
ideas, plans, and preparedness strategies for reducing disaster risk during evacuation in
coastal areas. Further, we believe that the findings will be of interest to the readership of
your journal because they can refer to it in studying coastal evacuees’ behavior and

preferences in deciding on the type of shelter to which they can be evacuated.
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Chapter 7 Discussion

7.1Comparison of Evacuation Behavior: Cases from Bangladesh, The
Philippines, and the USA

This section aims to identify the evacuation tendency during cyclones from Bangladesh,
typhoons from the Philippines, and hurricanes from the USA. The Philippines is a Southeast
Asian country situated in the Pacific Ocean and has more than seven thousand islands. In
addition, the Philippines is located at the Pacific typhoon belt, where natural disasters,
especially typhoons, happen often. In 2013 the typhoon Haiyan caused massive damage
over the Philippine coastal area. The USA is situated in North America and becoming more
vulnerable to natural disasters. Due to climate change, sea-level rise, and weather-
associated change in the atmosphere, several significant hurricane events occurred in the
USA over the last two decades, which caused severe damage to both property and lives. On
the other hand, Bangladesh is situated in South Asia, having a long coastal belt beside the
Bay of Bengal. The coastal belt is prone to natural disasters, especially cyclones, which cause
severe damage to the coastal area’s residents’ property and lives. The nature and condition
of cyclones in Bangladesh and typhoons in the Philippines are similar considering their
nature, situation, and demography over the coastal area. Considering the hurricane cases in
the USA, the character and condition are also related to cyclones and typhoons from
Bangladesh and the Philippines, respectively, but the demography is different. So, the main
purpose of this section is to identify evacuees' cause of non-response with evacuation
behavior towards evacuation response and obtain a comparative overview of cyclones in
Bangladesh, typhoons in the Philippines, and hurricanes in the USA as these disasters have
similarities concerning situation and condition in the evacuation stage. This comparative
analysis will help understand the evacuation situation during a similar disaster, even from
different countries. Therefore, the findings provide necessary insight and guidelines for
future interventions to develop better preparedness to make evacuation more participable

among people during natural disasters from different perspectives.

Based on the review of existing literature, evacuation cases from natural disasters, this

section tries to compare the evacuation behavior between Bangladesh, the Philippines, and
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the USA. To detail analysis of evacuation behavior from the typhoon in the Philippines,
secondary data was gathered from Leelawat et al. 2014, Esteban et al. et al. 2015, Lagmay
et al. 2015, Jibiki et al. 2016, Takagi et al. 2016 and Walch 2018. Similarly, concerning the
USA, data were collected from Lindell et al. 2005, Dash and Gladwin 2007, Zhang et al. 2007,
Morss and Hayden 2010, Huang et al. 2012, Lazo et al. 2015, Morss et al. 2016 and Meyer et
al. 2018. While in case of Bangladesh collected data from this research (Rahman et al. 2021)
including Haque and Blair 1992, Matsuda 1993, Choudhury et al., 1993, Ikeda 1995, Paul
2008, Paul and Dutt 2010, Paul et al., 2010, Paul 2011, Paul 2012, Paul and Routray 2013,
Roy et al., 2015 and Ahsan et al, 2016. Table 7.1 presented the evacuation tendency
associated with the warning, weather, socio-demographic, shelter, and evacuees’
perspective reason for non-evacuation during cyclones from Bangladesh, typhoons from the

Philippines, and hurricanes from the USA.

According to Table 7.1, a warning is an essential issue during natural disasters, which
is essential for an effective preparedness plan focusing evacuation to a safer place. Previous
research revealed that people mentioned important factors associated with the warning
during a disaster. In the case of Bangladesh, false warning signals, incomplete warning
signals related to evacuation information, lack of understanding of warning receiving, late
warning, and sudden change of warning are the main reasons people did not consider
evacuation during a disaster. Haque and Blair 1992, found that distrust of warning was the
main reason residents stayed at home instead of evacuation [33]. Previous studies found
that people did not receive the warning or lately recognize the warning during cyclones [26,
31]. During the evacuation stage, late warning, change of warning signal suddenly and the
evacuation order was not issued timely some other significant reasons that people did not
evacuate [26, 31-32]. On the other hand, in the Philippines, Esteban et al. 2015 found that
residents mentioned the information regarding typhoon Haiyan, especially information
related to storm surges, which was moderately useful they received from different sources
[36]. However, Leelawat 2014 found that the majority of the people received the warning,
but half of them did not evacuate during typhoon Haiyan [44]. Following these previous
studies revealed that residents got an unclear evacuation message, and some did not get any
evacuation order from officials, complicating evacuation [36-37]. Previous studies revealed
that residents did not trust the hurricane warning and forecast [38-39]. Dash and Gladwin
2007 showed that most people get the warning from family members, friends, and relatives

[48]. In comparison, most people received hurricane Rita forecasts and warning from
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television [49-50]. In addition, Lindell et al. 2005 found that during hurricane Lili in 2005,
there was an evacuation recommendation from officials, but residents did not follow the
evacuation recommendation [38-39]. Morss and Hayden 2010 presented that half of the

respondents received the mandatory evacuation order during Hurricane Ike [50].

Bad weather conditions during the emergency period make it difficult for evacuation. In
addition, following the bad weather condition, the storm surge is a significant problem that
makes it difficult to evacuate cases from all three countries. In Bangladesh, people think the
cyclone would not be severe and less possibility to occur the storm surge [32]. At the same
time, the majority mentioned that it is difficult for evacuation due to bad weather conditions
outside [25, 32, 34]. In the case of the Philippines, Esteban et al., 2015 found that residents
know about the storm surge possibility but ignore the strong impact of storm surge [36].
Similarly, previous studies found the strong possibility of storm surge and flooding caused
by storm surges during Typhoon Haiyan [44-45, 47]. In contrast, residents from the USA
mentioned that they were aware of storm surge and believed that their house was

vulnerable due to storm surge and later flooding during the hurricane event [38-40, 51].

Furthermore, socio-demographic issues also found storing relationship with residents’
non-evacuation reason during natural disasters. The most important common socio-
demographic reason for all three countries was cited as vulnerable member in the house,
which hinders evacuation during disasters. Many people did not evacuate as they faced
difficulties moving with vulnerable members who needed special assistance. For example,
moving with an infant, children, disabled person makes it difficult to complete the
evacuation [25, 29-30, 32, 37-38, 41, 43-44, 48]. In addition, people are engaged with
activities like preparing all household members, house belongings, and related issues and
sometimes run out of time and finally cannot move [25, 30-32]. However, residents from
the Philippines, instead of the vulnerable member, residents are anxious that their house is
vulnerable because of flooding resulting from storm surge [36]. Following the similarities,
residents also mentioned that they were at work and could not move timely [25, 32, 36, 39].
Concerning the hurricane cases, preparing early could be safe to start evacuation at the right
time [48] while around ninety percent of respondents said did necessary preparation before
storm surge [50]. But Lindell et al. 2005 found evacuation preparation is not essential for

the decision of evacuation [39].
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Table 7.1 Evacuation behavior during Cyclone, Typhoon, and

Bangladesh, The Philippines, and The USA

Hurricane: Cases from

Variable Bangladesh Philippines USA
Sources
Warning Haque and Blair 1992, Ikeda | Leelawat et al. et al. Lindell et al. 2005, Dash
Information 1995, Paul and Dutt 2010, 2014, Lagmay et al. and Gladwin 2007, Zhang
Paul 2012, Paul and Routray | 2015, Esteban et al. etal. 2007, Morss and
2013, Roy et al. 2015, Ahsan | 2015 Hayden 2010, Lazo et al.
etal. 2016 2015
Evacuation Paul 2008, Paul and Dutt Esteban et al. 2015, Lindell et al. 2005, Morss
message/ order | 2010 Walch 2018 and Hayden 2010, Lazo et
al. 2015
Storm surge/ Ikeda 1995, Rahman et al. Leelawat et al. 2014, Lindell et al. 2005, Zhang
weather 2021 Esteban et al. 2015, etal. 2007, Huang et al.
Lagmay etal. 2015, 2012, Lazo etal. 2015,
Takagi etal. 2016 Morss etal. 2016
Vulnerable Matsuda 1993, Ikeda 1995, Leelawat et al. 2014, Dash and Gladwin 2007,
member/ Paul and Routray 2013, Esteban et al. 2015 Lazo etal. 2015, Mayer et
house is Rahman etal. 2021 al. 2018
vulnerable
Evacuation Ikeda 1995, Paul 2011, Paul | Leelawatetal. 2014, Dash and Gladwin 2007,
preparation and Dutt 2010, Paul and Esteban et al. 2015 Lindell et al. 2005, Morss
Routray 2013, Rahman et al. and Hayden 2010
2021
Shelter Matsuda 1993, Ikeda 1995, Leelawat et al. 2014, Lindell etal. 2005, Huang
accessibility/ Paul and Dutt 2010, Paul et Esteban et al. 2015, etal. 2012, Wuetal. 2012,
facilities al. 2010, Paul 2011, Paul Walch 2018 Mayer 2018
2012, Paul and Routray
2013, Roy et al. 2015, Ahsan
etal. 2016, Rahman et al.
2021
Safety of house | Haque and Blair 1992, Leelawat et al. 2014, Lindell etal. 2005, Huang
and property Chowdhury et al. 1993, Esteban et al. 2015, etal. 2012, Lazo et at
Ikeda 1995, Paul and Dutt Walch 2018 2015
2010, Paul et al. 2010, Paul
and Routray 2013, Ahsan et
al. 2016, Rahman et al. 2021
Hazard Chowdhury et al. 1993, Paul Esteban et al. 2015, Lazo etal. 2015
knowledge and Dutt 2010, Paul 2012 Jibiki et al. 2016, Walch
2018
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Furthermore, Table 7.1 revealed shelter as the main issue concerning evacuation during
a disaster based on previous research. In cyclone cases from Bangladesh, previous studies
revealed that access to nearby shelters is sometimes difficult as the situation outside was
not safe for evacuation [25, 30, 32]. In addition, people were unaware of the nearby shelter
and accessibility route, and also the distance hinders evacuation for both Bangladesh and
the Philippines evacuation cases [25-30, 34]. Many previous research also mentioned one
particular reason: the lack of facilities in the shelter was not good, so people consider
staying at their own house. People mentioned lack of facilities as drinking water, electricity,
toilets, and separate space for gender, the shelter was vulnerable to collapse the main
reason [26, 28, 31]. While in the Philippines, it was cited as it was hard to get to the shelter
area [36] and feel insecure to stay at the shelter due to the poor maintenance and facilities
in the shelter [37, 44]. In contrast, in hurricanes evacuation cases from the USA, residents
mentioned it took longer to reach the destination [39-40, 52]. At the same time, Meyer et al.
2018 found that residents feel insecure about staying at their own home due to storm surge

[41].

Finally, Table 7.1 presented evacuees’ perception of evacuation behavior during a
disaster. In all three countries, the common tendency among people tried to ensure the
safety of the house and household belongings from disaster damage is one of the major
concerns for people during a disaster [25, 36, 39-40, 44]. Similarly, house and household
belongings from fear of theft or looting during their stay at the shelter is another important
reason people stay at home during a disaster [28, 33, 35-37, 39-40, 44]. Following this,
people thought their house was safe and out of risk area, so it was better to stay at home
[25-26, 30-38, 41]. Another important reason from countries is that people ignore the
severity of cyclones, typhoons, or hurricanes and therefore do not feel the real danger,
leading to less participation in the evacuation decision-making process [26, 31, 35-40, 44,

46].

7.1.1 Factors that Contribute to Evacuation Behaviors

Analyzing the evacuation behavior from three countries during disaster warning and
evacuation order dissemination is one of the most important and common aspects that
hinder smooth evacuation. Many vulnerable residents mentioned receiving false or no
warning and no evacuation order or late evacuation from the authority in Bangladesh

before approaching the event. While in The Philippines, it is found that residents did not
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getany evacuation warning or order in some areas. Compared to hurricane evacuation cases
from the USA, residents have received strong evacuation recommendations. So, ensuring
warning and evacuation orders must be carefully addressed to the risk area from
responsible authorities could be a significant initiative for smooth evacuation in Bangladesh
and the Philippines. Before starting the evacuation, one of the major concerns is vulnerable
members in the house make it difficult to complete the evacuation in Bangladesh. Therefore,
itis needed to identify those households regularly and prioritize those households’ assisting
evacuation during a disaster. However, in Philippine’s people are worried about flooding
their houses resulting from a strong storm surge. So, better to identify risk areas concerning
storm surge and flooding and provide necessary information to the specific location. For
example, people should not ignore storm surge and flooding and take initiatives for
evacuation. In addition, shelter-related issues are also essential and common factors that
residents did not evacuate during a disaster in Bangladesh and The Philippines. Accessing
the shelter and the shelter's facilities is not good enough. That is why people want to stay at
home instead of a shelter. So, maintaining shelter and improving the facilities is essential to
satisfy people that shelter is reasonable for stay during a disaster. Also, it is needed to make
residents aware of the access of nearby shelters. On the other hand, it found that it takes a
longer time to reach the destination in the USA because of traffic. So, in that case, multiple
access route information will be helpful considering the circumstances in the USA.
Therefore, they can quickly decide and evacuate before the situation outside goes worst.
These initiatives can help overcome challenges and risks for future disaster cases, even in

Bangladesh or the Philippines.

According to the comparative analysis of evacuation behavior from different countries,
this research is essential considering the evacuation preparation time which is associated
with successful evacuation. Previous studies mentioned evacuation preparation, cases from
cyclone and typhoon events from Bangladesh and the Philippines, mainly different
evacuation activities. On the other hand, previous studies said preparation activities and
time during hurricane cases did not significantly correlate with evacuation decisions and
behavior. Following this, the current research found a significant correlation of evacuation
preparation and time with evacuation decision and behavior, ensuring effective evacuation
participation. This finding can be a considerable factor associated with the evacuation
decision-making process for future research to reduce the disaster risk during a similar type

of disaster.
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7.2Households Evacuation Preparation Scenarios during Early and
Emergency Evacuation: A Case Study of Cyclone Bulbul in Southwestern

Coastal Bangladesh

Regarding people’s response to an evacuation order and reasons for not evacuating
during a cyclone, many previous studies conducted in the last two decades have focused on
different perspectives. This research acknowledges the reasons for non-evacuation during
cyclone disasters identified in earlier research. According to Bern et al. (1993), trust in
warning signals/evacuation orders is essential, as most of the respondents did not follow
the evacuation order during the 1991 cyclone because of their previous experience of
receiving a false warning [1]. The lack of cyclone shelters and facilities and the distance to
shelters are also important reasons for non-evacuation during a cyclone [2] [3]. During
Cyclone Bulbul, all respondents admitted that they received an early warning, but half of
them did not follow evacuation orders (Table 4.2). For male respondents, the four main
reasons for non-evacuation were “I thought I would be able to move during the cyclone,”

» o«

“the weather outside was dangerous,” “I thought my house was safe,” and “the road was

damaged.” For female respondents, the three main reasons for non-evacuation were “I

» «

wanted to protect my house,” “I had a sick family member in my house,” and “I thought I
would be able to move during the cyclone” (Figure 4.1). Therefore, it is essential to
understand the reasons for non-evacuation from both male and female perspectives, which
will make it easier to address gender-specific causes carefully. The analysis of the survey
results showed that the reasons for non-evacuation during Cyclone Bulbul were mostly
related to weather conditions and shelter characteristics. Because of the bad weather
conditions before the cyclone made landfall, the condition of the roads deteriorated and
made it difficult to travel to shelters. Furthermore, shelter distance and lack of proper

facilities were significant reasons for non-evacuation.

After receiving the warning, it is necessary to make evacuation decisions at the right
time to ensure safe evacuation, given the risks involved. With early evacuation, the risk of
property damage could be minimized by sending vulnerable members to the shelter earlier
and having the household head stay at home and evacuating later [4]. The present study
acknowledges previous research by focusing on early evacuation decisions during Cyclone
Bulbul. Early evacuation during cyclones could be beneficial for household evacuation.
People who consider early evacuation during a disaster have specific priorities. For most

respondents, the safe passage for specific members in the house, like children or seniors, is
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the main concern. After making an early evacuation decision, people undertake various
activities and preparations before starting an evacuation. The decision to evacuate early
gives people enough time for preparation. The questionnaire survey showed that
households that made an early evacuation decision took 1 to 6 hours for preparation, with

most respondents in this group taking two hours for preparation before evacuation.

Conversely, households that did not make an early evacuation decision spent either 1
or 2 hours for preparation time, with the majority taking two hours for preparation.
Demographic and socio-economic characteristics play a key role in early evacuation
decisions. There was a significant difference between male and female involvement in early
evacuation decisions. People along the coastal regions of Bangladesh are very poor and
always evacuate since their houses are not strong enough to protect them during a disaster.
The rate of early evacuation decisions among households with sick members was relatively
low, given the difficulties in moving them from home to shelters. Inadequate access roads
because of weather conditions and shelter-related aspects were cited as the main reasons
for an early evacuation decision. People who lived far from the shelter thought it would take
around 30 to 60 minutes to cover the distance, it would be better to evacuate early before

the weather worsened.

Early evacuation ensures effective disaster preparedness and completion of evacuation
to a safer place during a tsunami disaster [5]. However, a cyclone does not strike as quickly
as a tsunami; consequently, there is enough time to evacuate during a cyclone, but the
consequences and complexities of evacuation are comparable. This research identified
factors that influence early evacuation—a key concern for safe and successful evacuation
during a cyclone disaster. The survey results indicated that around 47% of respondents
made early evacuation decisions, but only about 35% followed up with their decisions
during Cyclone Bulbul. Although most of the respondents who evacuated early chose a
government school or designated shelter for evacuation, they had enough time to choose
from different options. Among those who did not evacuate early, over 90% had to choose
the designated shelter even when they did not know if the shelter was already full (Figure
4.8). This sometimes made some shelters overcrowded, but evacuees could not move to
other places because of bad weather conditions. It is challenging to make evacuation
decisions when there are children and elderly members in the house who need special care

during evacuation [6] [7] [8]. Households with children, seniors, or sick members were
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sometimes unable to decide whether to evacuate early because they thought it would be

safer to stay at home with them.

In contrast, other households thought if they reached the shelter at any cost, they would
be safe. The preparation time and evacuation travel time also significantly impacted early
evacuation. Half of the households that evacuated early took two hours for preparation,
while the remaining half took one hour or two to six hours. Among households that did not
evacuate early, most took two hours (Figure 4.12). Respondents who evacuated early could
choose any shelter regardless of the distance and faced relatively fewer difficulties as the
weather was not as bad as it was just before the cyclone landfall. Concerning evacuation
preparation time, female respondents took a longer time than male respondents for
evacuation at different warning stages [9]. Therefore, to ensure safe evacuation, coastal
residents must be made aware of the severity of a cyclone and have enough time for
preparation before evacuation. According to the survey results, people need a longer
preparation time and evacuation travel time if a vulnerable member is present in the house

(Table 4.4, Table 4.6, and Figure 4.11).

Recently, technological advancements in natural disasters have enabled significant
initiatives to reduce disaster risk in various sectors. Disasters such as cyclones, typhoons,
hurricanes, floods, disaster preparedness, early warning mechanisms, evacuation, and
recovery after a disaster have become more systematic and effective. Despite the
improvements in warning dissemination and evacuation order mechanisms, many people
still did not evacuate to cyclone shelters or other safer places during Cyclone Bulbul. This
study analyzed evacuation behavior during a cyclone and the factors influencing evacuation
behavior. Previous disaster experience plays an essential role in guiding an individual or
household to better prepare for a disaster (Figure 4.13). According to Lindell and Perry
(2000), people who have previous disaster experience are aware of the risks and effects of
the different stages of a disaster—helping them handle the situation more effectively [10].
The analysis of the survey results found that respondents’ previous disaster experiences
had a significant impact on evacuation during Cyclone Bulbul. Respondents who did not
evacuate had less experience with disasters than those who did. This research found that
demographic and socio-economic characteristics influence people’s evacuation decisions.
Gender is an essential issue in the evacuation decision-making process. Ikeda (1995) noted
that women are vulnerable in different ways during a disaster in terms of disaster

preparedness, evacuation decisions, and sheltering stages [11]. This study found that female
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respondents faced difficulties when evacuating with a sick or other vulnerable member and
sometimes felt unsafe evacuating alone. Most respondents cited the presence of a sick
member in the house as an important factor influencing their evacuation decisions during
the disaster. People who are poor and struggle to survive daily were more concerned with
protecting their properties than with evacuation, which significantly impacted their

evacuation decisions.

7.3 Evacuation Preparation Time During a Cyclone: Random Forest Algorithm

and Variable Degree Analysis

According to previous studies, using RF for prediction models can provide better
predictive results over large databases compared to other machine learning models [12]
[13] [14]. The results revealed that the RF simulation to predict household evacuation
preparation time shows that the accuracy result is approximately 86%, which can produce
efficient accuracy and realistic compared to the traditional method. Based on the prediction
results, responsible government authorities, policymakers, and key stakeholders can better
understand the valuable insights of individual household evacuation preparation times and,
therefore, better preparedness plans for safe evacuations. Rahman et al. (2021) found that
evacuation preparation time is essential and significantly influences households' early and
emergency evacuation decisions during cyclones [15]. Huang et el. (2016) found that the
demographic characteristics are less impact over evacuation while “homeownership” is the
only demographic characteristic that found a somewhat reliable correlation with
evacuation [16]. This is inconsistent with previous research that found the strong impact of
demographic and behavioral factors on household evacuation preparation time before
starting an evacuation. Figure 5.1 shows that evacuation companions and age are the most
important variables affecting household evacuation preparation time. It seems that
preparation time can change if specific vulnerable members (children, people with
disabilities) and elderly people in the household. Therefore, it is necessary to prepare
different things to stay in shelters after evacuations. Moreover, age can be a significant
concern when considering evacuation preparation time since younger people are generally
more active in the act of early preparation. In addition, the results show that shelter distance,
monthly household income, types of shelter for evacuations, and household members are

also important when considering the prediction of evacuation preparation time.
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Furthermore, demographic and behavioral factors are essential to estimate preparation
time; therefore, the impact of each individual factor on preparation time needs to be
investigated [17]. Similarly, Lindell and Prater (2004) found that when people evacuate
with groups of people, preparation is essential to manage things and household belongings;
thus, evacuating to a safe place is associated with different factors [18]. In this research, we
investigated the complex non-linear relationship between household evacuation
preparation time and other input variables, and the results revealed that several
demographic and behavioral factors showed significant positive relationships with
household evacuation preparation time. According to Figure 5.2 (1 shelter_type), when
people choose shelters for evacuations, their evacuation preparation time also changes
following designated and other types of evacuation shelters. Households who want to
evacuate to government-related shelters and rich people’s houses require relatively short
preparation times compared to other shelter types, such as relatives’ houses or mosques
(religious places). It seems that most people want to evacuate to government-related
shelters, but sometimes those shelters are full; therefore, people need to change their
evacuation destination. Male respondents need more time than female respondents since
male respondents are generally responsible for preparing various things before the
evacuation (Figure 5.2 (2 gender)). While evacuating, if there are sick people in the house,
those households spend less time preparing before starting their evacuation. It seems that
people are aware of the consequences while evacuating with sick members and take longer
to reach evacuation shelters (Figure 5.2 (3 sick_member)). Age is one of the most
considerable factors affecting household evacuation preparation time. According to Figure
5.2 (4 age), respondents younger than 25 years are considered the most energetic and thus
need the shortest amount of preparation time; preparation time increases with age. In
addition, after around 45 years of age, households need almost similar preparation times.
Household respondents’ occupations had no impact on the evacuation preparation time, as
the individual occupation group needed a nearly similar amount of time to prepare to
evacuate. Figure 5.2 (5 occupation) shows that household respondents who have jobs and
businesses need less preparation time (1.905 hours) compared to other occupation groups;
housewives and day laborers required more preparation time (1.935 hours). Although
occupation is related to household income, it revealed a significant correlation with
evacuation preparation time. Low- and middle-income households needed more time to

prepare before the start of an evacuation, varying from 1.900 to 1.925 hours. Households

83



whose monthly income exceeded 7,000 BDT required an average preparation time of 1.905

hours (Figure 5.2 (6 income)).

Households with around four or five family members needed more time for evacuation
preparation, while households with seven or more members needed less time for
preparation (Figure 5.2 (7 household member)). It seems that the higher number of
household members means that they can help each other with different activities before
starting their evacuation, thus requiring less time. Shelter distance from home is another
important factor in household evacuation preparation time. However, the preparation time
difference is very small among homes that are a short or long distance from shelters (Figure
5.2 (8 shelter_distance)). Next, evacuation companions are also a significant factor.
Vulnerable household members such as children, older people, and people with disabilities
can create difficulties; thus, households with such members need more time to manage
things before starting their evacuation. According to the results, households with children,
older people, and people with disabilities needed more time before starting an evacuation
(Figure 5.2 (9 evacuation_companion)). However, it is interesting that households are
concerned with all the vulnerable members together (children, older people, people with

disabilities, and relatives) in the house rather than with specific vulnerable members.

7.4 Relationship Between Household Decision of Shelter Choice and Types of

Evacuation Shelter

This research tried to investigate and analyze the efficacy of household evacuation
behavior, focusing on evacuation shelter choice and types of shelter households evacuated
during a cyclone. Results show that most households from Ward 3 (Jeliakhali and
Lebubunia) follow responsible authority’s advice. In contrast, Ward 2 (Gabura and Gabura
Dakshin Para) and Ward 4 (Laksmikhali and kholisabunia) show the opposite view deciding
their evacuation shelter. On the other hand, from Ward 3 and Ward 2 almost and, the
majority of the household evacuated in the designated shelter. In contrast, from Ward 4, less
than 30 percent of households evacuated at the designated shelter. According to risk
profiling, Ward 2 is higher risk compared to Ward 3 and 4 concerning hazard and different
socio-economic vulnerability [19]. However, concerning the location, Ward 3 is just beside
the river and, far from the Union local government facilities and are exposed as most

vulnerable to disaster concerning accessing of shelter.
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Even though there is a designated shelter in Ward 3 but difficult to access during a
disaster because of bad weather and road condition. So, households from Ward 3 mainly
depend on local level authority’s information and instruction, deciding evacuation shelter
during a disaster. Furthermore, during the evacuation, households' evacuation shelter
choice decision plays a significant role in understanding evacuation decision-making. The
results revealed that most households (around 68 percent) followed responsible authority's
advice choosing their evacuation shelter. This supports the findings from Nagarajan and
Shaw (2021), officials’ pre-information advice concerning sheltering and helping evacuees
for sheltering is positively influenced while choosing an evacuation shelter or place [20]. In
Bangladesh's perspective, previous research introduced some initiatives regarding shelter
choice, and maps were presented, but still evacuation shelter choice in coastal communities
remains a challenge to evacuees as shelter detail information and hazard maps are not
available at community level use. So, people can't decide how to choose a shelter in coastal
areas and go to shelter. Therefore, they rely on national and local level responsible authority
and volunteers (especially CPP volunteers') information and instruction while choosing
their evacuation shelter instead of following the maps. Informal interviews with local level
government officials and CPP unit team leader also mentioned that together they
disseminated the information, and CPP volunteers assisted evacuees as well for evacuation
to a shelter or safer place. In addition, it shows the tendency that households who followed
responsible authority's advice to determine the shelter, evacuate earlier seems they are
aware and know the difficulties of evacuation at a later stage. But those households took
more time for evacuation travel time means they have enough time to start evacuation
earlier. Following the similar trend of Sadri et al. (2013), this research found that
households who evacuated at the public shelter evacuated at an earlier stage and took less
time for evacuation travel time [21]. Parady 2016 found no significant correlation of
household socio-economic condition while choosing their evacuation destination during a
Tsunami event [22]. This research does not support this finding, revealed some socio-
economic factors are significantly related to the choice of shelter that household evacuated
during cyclone Bulbul. Following this, gender and evacuation shelter choice positively
correlate with each other, meaning males decided the evacuation shelter following the
responsible authority's advice. Instead, they choose by themselves, discuss with relatives,
or consider shelter near or consider road conditions. The data shows the tendency that low-
income households tend to choose their evacuation shelter either by themselves, discuss

with relatives, or consider the nearest shelter or consider road conditions. It seems that
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low-income households are usually worried about protecting their house and belongings
before starting the evacuation. Therefore, they typically evacuate later and suddenly decide

where to go, reflecting their preference for choosing their evacuation shelter.

Findings reveal that about 84 percent of the household took shelter at designated
cyclone shelters, and only 11 percent took shelter at other types of govt. buildings during
Cyclone Bulbul. The rest of the household evacuees took shelter at rich people’s houses,
relatives' houses, and Mosques (religious places). But this finding didn’t follow the previous
research concerning the same study area, which mentioned the majority of the evacuee’s 69
percent, took shelter on embankments or high roads. In comparison, only about 10 percent
took shelter at the shelter [9]. According to the choice of shelter type, households'
preliminary plan to stay at the shelter was a long time if they choose the shelter as other
govt. buildings, rich people’s houses, relatives' houses, or Mosques (religious place),
indicates that they need to find these facilities and check the availability to stay. Findings
are also consistent with previous research of Hasan et al. (2014), household income can be
affected evacuees’ decisions while deciding their evacuation shelter for evacuation [23]. On
the other hand, if households decided to evacuate at the govt, building, or designated shelter
for evacuation took more time for evacuation travel time. It seems that sometimes those
shelters are far from the house, which generally takes a longer travel time for evacuation,
or maybe the nearest shelter reached its capacity. Following this, the tendency to stay longer

at the designated shelter after evacuation indicates better facilities and availability.

Similarly, low-income households' tendency also revealed that always choose shelter
which is not designated shelter means as they usually evacuate at a later stage. Thus, they
didn't have enough time to check shelter conditions or facilities instead, they chose a
possible shelter near their home. These results are also the opposite of previous research's
findings on shelter choice in similar cases. For instance, low-income households decide to
go designated evacuation shelters while high-income households tend to go to other places

that are not designated shelters [24].
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Chapter 8 Conclusion

8.1 Conclusion

This research is tried to investigate the overall performance of evacuation and
associated factors that affect the evacuation-decision-making process. The findings from the
previous studies revealed similarities with evacuation tendencies from Bangladesh, the
Philippines, and the USA concerning cyclones, typhoons, and hurricanes, respectively. This
can be considerable because of geographic situation, condition, and types of disaster. The
comparison analysis concerning warning, weather, shelter, and people’s perception
regarding the time of impact, nature of risk, and associated factors can address issues and
challenges from different perspectives. This will help to consider better planning and

preparedness regardless of specific disasters but similar type of disasters.

Furthermore, this research sought to determine the factors influencing early evacuation
decisions, early evacuation, and emergency evacuation based on the evacuation situation
during Cyclone Bulbul. Cyclone Bulbul was identified as a very severe cyclonic storm, and
0.73 million people in 29 Upazilas in Bangladesh's coastal area were directly affected.
Compared to past cyclone disasters in Bangladesh, the evacuation rate increased during
Cyclone Bulbul because of improved disaster preparedness plans, better early warning
systems, increased number of designated cyclone shelters, and increased awareness among
people about evacuation. Additionally, the CPP plays an essential role in issuing and
disseminating early warnings and providing evacuation guidance to the community during
the evacuation, even when essential services such as electricity are not functional. This
enables the safe evacuation of evacuees to shelters or other safer places [1]. Sometimes, it
is difficult for local authorities to reach the community, especially when the weather
condition worsens. However, informal interviews with respondents and CPP unit team
leaders also mentioned that CPP volunteers assist people evacuating, but sometimes it is
also difficult for them to reach the individual household as weather conditions worsen.
Accordingly, it is recommended that CPP volunteers participate in the evacuation process
with local authorities to make the evacuation more effective and complete it in a safer
location. According to Haque and Blair (1992), people in coastal areas in Bangladesh

consider evacuation at the very last moment—usually a barrier to complete and safe
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evacuation [2]. This research found that, even though the evacuation rate increased, many
people still did not evacuate because of the poor road network, distance to cyclone shelters,
delayed dissemination of evacuation orders, concern for protecting household goods and
livestock, and the presence of vulnerable members in the house. However, it is essential to
focus on safe evacuation to reduce physical damage, particularly casualties and injuries
during a cyclone. Follow-up surveys should further explore safe evacuation as many have
died over the past years because of natural disasters, and people in Bangladesh’s coastal
areas are expected to face similar disasters in the future. Because people in Bangladesh’s
coastal areas lack ample knowledge about the severity of cyclones, they are worried about
their timely and safe evacuation. The results revealed that household respondents are also
concerned about their houses and other belongings needed for their daily lives, and they
have to protect them. Therefore, it is also necessary for the government to take initiatives
to help coastal people build their houses in low-risk zones and therefore provide possible

support for this, considering the long-term disaster preparedness plan.

Parvin et al. (2019) revealed the gender-based evacuation preparation time before
starting evacuation during Cyclone Aila in 2009, which could be an excellent issue for
evacuation at the right time [3]. However, evacuating with household members, especially
with vulnerable members, is also a great concern, particularly regarding early evacuation
concerning evacuation preparation time. This research investigated household evacuation
preparation time rather than individual time because the coastal community usually
evacuates with household members, not individually. The results showed that if there are
vulnerable members in the house, those households need longer preparation times and
longer evacuation travel times. Similarly, this research found that women face difficulties
while evacuating with sick members during a disaster. Therefore, it will be better to identify
and recognize such types of households and help them safely evacuate future disasters. The
data also showed that the early evacuation rate was relatively lower among households
with vulnerable members. People want to evacuate early when they have vulnerable
members in the house to ensure safe and successful evacuation because they are aware of
the difficulties of evacuating with such members, especially when they must evacuate by
walking. Therefore, responsible authorities should focus on effective preparedness for early
evacuation and plan for safe and complete evacuation during a disaster. Although this
research investigated specific vulnerable members in the house in detail, it is also necessary

to include the pregnant member, therefore analyzing the possible consequences of safe
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evacuation as well. Steps such as the early issue of evacuation orders should be taken to
increase the possibility of early and safe evacuation in the future, especially when there are

vulnerable members in a house.

Furthermore, disaster management should focus on the preparation time, as the
amount of time available for organizing things before evacuation decides whether it would
be an early evacuation or emergency evacuation. Identifying the right time for evacuation
is essential for safe and successful evacuation because various associated factors affect
evacuation time, which can delay the evacuation time. Therefore, early evacuation could be
an advantage for effective and safe evacuation. However, the early evacuation time is
different for different disasters [4]. The most significant contribution of this research is that
it provides a better understanding of people’s perceptions about early evacuation decisions
and sheds light on the factors influencing early evacuation based on an analysis of the
evacuation-related difficulties they faced during Cyclone Bulbul. This research revealed that
almost half of the household respondents took early evacuation decisions, but in actual
cases, they did not. This research recommends the issue of proper and timely evacuation
orders and proper guidelines, which would help increase the early evacuation rate among
coastal residents, especially when they have vulnerable members in their households. By
ensuring that vulnerable members have enough time to complete the evacuation safely and
successfully before the weather condition changes from bad to worse during a disaster. This
research recommends the issue of proper and timely evacuation orders, which would help
increase the early evacuation rate among coastal residents, especially when they have
vulnerable members in their households. Ensuring that they have enough time to complete
the evacuation safely and successfully before the weather condition changes from bad to
worse during a disaster. Responsible authorities should review existing policy actions and
modify their approach where necessary to improve the possibility of early evacuation
during future disasters. This may help reduce the risk of injuries and casualties during

cyclones in the Bangladesh coastal regions.

Due to climate change and global warming fluctuations, natural disasters often occur in
the coastal areas of many regions and countries, especially in developing countries.
Therefore, people living in these coastal areas are vulnerable to natural disasters, especially
cyclones, typhoons, and hurricanes. Moreover, proper steps and plans should be taken to
reduce the disaster risk for inhabitants of coastal areas. The overall prediction results are

more accurate and realistic than the traditional method and can be used in other parts of
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Bangladesh’s coastal region, which experience similar natural disasters. In addition, this
method can also be used in coastal areas of other countries, especially in developing
countries, based on different conditions and characteristics of natural disasters. For
example, the input variables used in this study can be altered based on the type of natural
disaster and severity, depending on regional circumstances and related factors. The
proposed method also investigated the influential factors through variable importance and
PDP to present a detailed relationship between different demographic and behavioral
factors and household evacuation preparation time. It is found that if children, disabled and
older people in the house those houses need longer preparation time. So, itis recommended
that responsible authorities identify and list those houses and take some initiatives to
update the list all year round. Therefore, during disaster time, they help that household in
the preparation phase with volunteers, especially with CPP volunteers, in priority to ensure
their safe evacuation. In addition, results showed that young people are very active and need
less time as evacuation preparation time. So, it is better to encourage younger people to help
other households during preparation and evacuation. Following this, the local disaster
management authority takes some initiatives to arrange workshops and provide basic
training concerning evacuation preparedness. That will probably greatly influence the
evacuation preparation phase, which leads to safe evacuation. Another important finding is
that a designated shelter is not enough concerning distance but has better facilities that’s
why evacuees need fewer things to prepare and less preparation time. Some temporary
shelter plans considering safe places like embankments or higher places with basic facilities
could be effective shortly during an emergency. Poor people always want to save their
belongings while taking longer preparation time have difficulties in making safe evacuation
as evacuation at a later stage. So, it is better to identify risk and safe zone and allocate people

to a safe area, providing them possible financial support to reduce the disaster risk.

Finally, the overall results revealed that some demographic and behavioral factors, such
as evacuation companion, age, income, type of shelter, shelter distance, and age, have a
significant correlation on household evacuation preparation time. But it may be different
for other areas based on population, information access, geographic location, and related
condition. So, we suggest using this type of prediction model to analyze the associated
influential factors regarding similar types of disasters to reduce future disaster damage and
casualties and ensure safe evacuations. Furthermore, this prediction model for evacuation

preparation time, which is essential for effective evacuation decision-making processes, is
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the initial approach based on a cyclone disaster. This will also help governments and
individual concern groups understand the situation and condition of individual households
and the types of difficulties and factors that affect their evacuation preparation time.
Therefore, using this data will enable the creation of better evacuation plans for future cases

of similar types of disasters, considering the issues that affect timely and safe evacuations.
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