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Abstract

Bangladesh, as one of the world's most hazard-vulnerable nations, experiences recurrent cyclone
disasters that devastate coastal populations, livelihoods, and critical infrastructure, particularly in
its densely populated littoral regions. While conventional disaster response mechanisms have
achieved notable successes in casualty mitigation over recent decades, multifaceted gaps persist
across the disaster management continuum, encompassing mitigation, preparedness, response, and
recovery phases. These operational deficiencies reflect misalignment between national disaster
management capacities and internationally established best practices, creating systematic barriers
to comprehensive risk reduction and resilience augmentation. This doctoral research addresses this
fundamental challenge through development of an evidence-based Disaster Demand Matrix
(DDM) framework, systematically identifying and quantifying critical unmet demands across

Bangladesh's cyclone disaster management architecture.

The study employs an integrative methodological approach combining multiple investigative
dimensions. First, empirical analysis of four decades of cyclone data (1982—-2024) establishes
contemporary cyclone activity patterns and intensity trends affecting Bangladesh's coastal zone.
Second, systematic comparative analysis of Bangladesh's existing disaster management practices
against globally established best practices across thirteen cyclone-prone nations identifies
substantive implementation gaps, institutional coordination deficiencies, and policy-practice
divergences. Third, the research develops a comprehensive Disaster Demand Matrix
encompassing nine major disaster management domains, comprising mitigation, preparedness,
early warning, evacuation, emergency response, damage assessment, healthcare provision,
recovery operations, and long-term reconstruction that systematically quantifies performance gaps

between optimal operational standards and prevailing local realities.

To establish strategic prioritization among ninety multifaceted disaster management sub-activities,
the research applies the Fuzzy Analytical Network Process (FANP) methodology, a sophisticated
multi-criteria decision-making technique accommodating criterion interdependencies, decision-
maker uncertainty, and complex priority interactions. This rigorous prioritization exercise

synthesizes expert professional judgment from academicians, government functionaries, and

il
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emergency management practitioners, yielding analytically derived hierarchical rankings of

critical interventions requiring prioritized resource allocation and institutional development.

The prioritization results reveal that information dissemination and community risk
communication systems constitute the paramount intervention priority, followed sequentially by
spatially resolved evacuation coordination mechanisms, continuous meteorological monitoring
with predictive analytics capabilities, and comprehensive community-level hazard awareness
programming. These priority activities, representing foundational demand-driven interventions,
collectively address systemic preparedness deficiencies, reduce information asymmetries, and
enhance population protective action capacity, thereby generating multiplicative risk reduction

benefits across all subsequent disaster management phases.

Beyond these principal findings, the research identifies priority institutional capacity-building
requirements, governance-level coordination mechanisms, and policy-implementation
frameworks necessary for effective DDM operationalization. The framework explicitly
acknowledges methodological limitations, including constraints regarding empirical field-level
validation, expert-judgment subjectivity, geographic specificity to coastal cyclone contexts,
technical accessibility barriers for frontline practitioners, and data integration limitations, while
simultaneously delineating prospective research trajectories for methodological extension and

practical framework advancement.

Ultimately, this research contributes a novel, systematically derived decision-support instrument
enabling Bangladesh's disaster management community to allocate resources strategically,
prioritize institutional development investments, and align policy interventions toward addressing
the most consequential unmet demands within the disaster management system. By facilitating
demand-driven, evidence-based disaster management planning, the Disaster Demand Matrix
framework supports sustainable resilience enhancement, accelerated emergency response
effectiveness, and expedited recovery processes benefiting Bangladesh's climate-vulnerable
coastal populations and contributing toward attainment of global Sendai Framework disaster risk

reduction objectives.

Keywords: Disaster Demand Matrix, Cyclone Disaster Management, Bangladesh, Disaster Risk

Reduction, Fuzzy Analytical Network Process, Coastal Resilience
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Chapter 1: Introduction

1.1 General

Bangladesh is widely recognized as one of the most disaster-prone countries in the world, owing
to its unique geographical location, low-lying topography, and high population density. Among
the various natural hazards it faces, cyclones pose a particularly severe and recurring threat,
especially in the coastal regions, where millions of people live in vulnerable conditions. Over the
past few decades, these extreme events have caused significant environmental degradation, loss of

livelihood, and disruption of socioeconomic systems.

However, Bangladesh has also demonstrated notable progress in disaster risk reduction.
Investments in early warning systems, improved cyclone forecasting, expanded shelter
infrastructure, and well-coordinated evacuation procedures have collectively contributed to a
substantial decline in disaster-related mortality. Community-based initiatives, supported by
government and non-governmental organizations, have further strengthened local resilience by
promoting awareness, preparedness, and rapid-response mechanisms. Despite these
advancements, the increasing frequency and intensity of climate-related hazards continue to test

the limits of the existing disaster management strategies.

However, critical challenges persist in achieving a fully integrated, efficient, and demand-driven
disaster management framework. Current approaches often remain fragmented, with gaps in
coordination, resource allocation, and alignment between community needs and institutional
responses. Moreover, while significant attention has been given to response and recovery,
comparatively less emphasis has been placed on systematically identifying unmet demands and

prioritizing interventions based on local vulnerabilities and capacities.

In this context, there is a growing need for analytical tools that can bridge the gap between policies,
practices, and community expectations. To address this need, this study aims to develop a Disaster
Demand Matrix (DDM) for Bangladesh, using cyclone hazards as an example. This matrix will
help systematically evaluate current disaster management actions, identify key gaps, and compare

them with the actual needs of the affected communities.


Mahamudul Hasan
Typewritten text
Dhaka University Institutional Repository


Dhaka University Institutional Repository

Through this approach, the study aims to support a more coordinated, inclusive, and evidence-
based disaster management system, ultimately strengthening resilience and promoting sustainable
development in Bangladesh’s high-risk coastal areas. Tropical cyclones, also known as hurricanes
or typhoons, are defined as organized storm systems that form in the warm waters around the
equator (National Oceanic and Atmospheric Administration, 2024). Tropical cyclones are among
the world’s deadliest disasters. On average, about 85 tropical storms form each year globally,
roughly half of which reach category 4-5 strength cyclones (WMO, 2024). These storms affect
millions of people and cause vast damage. Recent analyses estimate that each year, cyclones
directly impact approximately 20 million people and inflict approximately $51.5 billion in damage
worldwide (Huang et al., 2025). Despite improvements in warning systems, the human toll remains

severe, with thousands of fatalities occurring each year.

It is acknowledged that anthropogenic effects and climate change will have a significant impact
on tropical cyclones in the future (Bakkensen & Mendelsohn, 2019). As the atmosphere and oceans
warm, cyclones have been observed to grow stronger and last longer, with increased rainfall (IPCC
ARG, 2021). Numerical models project even higher extremes; global tropical cyclone rain rates are
expected to increase, and mean storm wind speeds are expected to rise. High-confidence
projections indicate that a larger fraction of storms will reach major intensity (Category 4-5), with
the median proportion of Category 4-5 cyclones rising by ~10% or more under continued warming

(Knutson, 2024).

Scientists have raised concerns that human-driven climate change may play a major role in
increasing the number of people affected and the economic losses observed from tropical cyclones
in recent decades (Islam, 2025). Climate change may lead to a rise in the occurrence of high-
intensity tropical cyclones and their compound impact with the rising mean sea level (Camargo et
al., 2023; Knutson et al., 2020). However, societal factors such as assets, infrastructure, and
population growth also play pivotal roles in exacerbating TC-related impacts (Weinkle et al.,
2012). As a result, many coastal residents, properties, and habitats would be severely impacted.
This is particularly relevant to Bangladesh, a nation with a long-standing socio-economic

connection to the sea (Islam, 2025).

Owing to its geographical location, Bangladesh is ranked as the fifth most disaster-prone country

in terms of natural calamities (Ahmed et al., 2016). The coastal regions of Bangladesh are
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particularly susceptible to tropical cyclones of varying intensities, which occur almost annually
(Mallick et al., 2017). Moreover, the country’s physiography plays a significant role in amplifying
the intensity of cyclone landfall and the resulting impacts (Paul et al., 2010).

Historical data spanning a century reveal that out of the 508 cyclones formed in the Bay of Bengal,
17% have made landfall in the coastal areas of Bangladesh (Hoque et al., 2019). Although
Bangladesh experiences only 1% of all cyclones worldwide, it accounts for 53% of the global
cyclone-related deaths (Hoque et al., 2019). A brief overview of cyclone-related fatalities
highlights this vulnerability: in 1970 there were 300,000 deaths, followed by 5,704 in 1988,
138,866 in 1991, 4,234 in 2007, and 190 in 2009 (Sonet et al., 2024).

A major factor contributing to these high casualty rates has been the lack of adequate warning
systems and emergency infrastructure before two decades ago, which has historically resulted in
significant loss of life and property (Quader et al., 2017). Looking ahead, Bangladesh is expected
to face intensified climate change impacts (Abedin et al., 2019; Karim & Mimura, 2008). Rising
sea levels and increasing temperatures are likely to intensify tropical cyclones in coastal districts,

adversely affecting local economies and ecosystems (Sarwar & Woodroffe, 2013).

To mitigate losses caused by tropical cyclones, it is crucial to implement management approaches
that focus on prevention and risk reduction (Ahmed et al., 2016; Joyce et al., 2009). It has been
suggested that disaster risk reduction (DRR) can only be achieved by understanding and addressing
the processes of disaster risk creation (DRC) (Alexander, 2016). Although Bangladesh is
considered a highly tropical cyclone-prone country, studies related to tropical cyclone
vulnerability assessments are very limited. The integration of functional disaster management and
mitigation methods offers the potential to significantly mitigate the harmful effects of tropical
cyclones (Bloemendaal et al., 2020; Matthews et al., 2019). A thorough risk assessment is crucial
for developing effective mitigation measures (Das et al., 2024; Gopinath 2010; Jaman et al., 2021).
The vulnerability of a community depends on factors such as exposure, hazard, existing mitigation,

and preparedness capacities (Pattnaik, 2019).

Furthermore, siloed development and DRR policymaking, along with divided institutional
responsibilities, can lead to government and private sector activities that fail to account for the
risks generated (Lizarralde et al., 2020; Poudel et al., 2023; Raikes et al., 2022). Prioritization and

effective allocation of resources based on the assessment of the importance of the parameters helps
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in decision-making and resource allocation (Brennan & Flint, 2007; Das et al., 2024; Ruangpan et
al., 2020). Assessing the importance of these parameters provides insights into potential risks and
uncertainties and helps decision-makers make informed decisions (Das et al., 2024; Sakizadeh et

al., 2019).

Therefore, developing sustainable DRR strategies requires detailed information on exposure,
vulnerability, hazards, mitigation capacity, and the resulting risks associated with cyclone impacts
(Khan, 2008). To support this, remote sensing, along with spatial and non-spatial data, is widely
used to map the multiple criteria influencing tropical cyclone risk. Multi-criteria evaluation of each
risk component is necessary to generate detailed spatial risk information. The Analytical Hierarchy
Process (AHP) is considered an effective method for incorporating multi-criteria evaluation and
integrating these components into a structured decision-making framework for cyclone risk
mapping (Hoque et al., 2019). AHP applies a hierarchical structure to assign weights and rankings
to different criteria, supported by expert judgment and user input (Roy & Blaschke, 2015), and has

been successfully applied in several tropical cyclone risk studies (Mansour, 2019; Yin et al., 2013).

However, AHP assumes that decision criteria and their sub-criteria are functionally independent
(Yiksel & Dagdeviren, 2010), whereas real-world decision-making often involves complex
interactions among variables at different levels (Saaty & Vargas, 2006; Saaty, 1996). To address
this limitation, Saaty (1996) proposed the Analytical Network Process (ANP), which extends the
AHP by incorporating interdependencies and feedback relationships among criteria (Yiiksel &
Dagdeviren, 2010). ANP enables a more comprehensive evaluation by considering interactions

and dependencies within the decision-making process (Zaim et al., 2014).

1.2 Problem Statement and Significance of the Study

Effective disaster management is integral to sustainable development, especially in countries prone
to natural disasters, such as Bangladesh (Sabur, 2012). Despite progress, disaster management in
Bangladesh remains a challenge, with poor integration of various disaster management activities
for an effective and coordinated response (Khan 2008). Although Bangladesh has recently made
substantial progress in reducing casualties from tropical cyclones through improved early warning
systems and evacuation procedures, the overall impact on coastal areas remains severe (Hoque et
al., 2021). Coastal communities continue to face significant economic and structural damage

following these natural disasters, with the destruction of homes, infrastructure, and agricultural
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land. The lingering effects of cyclones also pose long-term threats to livelihoods and sustainable

development in vulnerable regions.

Under these circumstances, there is a pressing need to develop an effective and practical
comprehensive disaster management action matrix for Bangladesh. Such a framework is essential
to systematically address the diverse range of natural hazards affecting the country, including
cyclones, floods, storm surges, and riverbank erosion. Despite ongoing efforts, existing disaster
management practices often lack integration, coordination, and alignment with local needs,
limiting their overall effectiveness. A well-structured action matrix provides a strategic platform
for identifying vulnerabilities, prioritizing interventions, and allocating resources more efficiently

across different sectors and regions.

Moreover, a comprehensive disaster management action matrix facilitates a more demand-driven
approach by linking community-level needs with institutional responses. This would enable
policymakers, planners, and stakeholders to better understand existing gaps in preparedness,
response, recovery, and mitigation measures. By incorporating both technical assessments and
local knowledge, such a matrix can enhance decision-making processes and promote more resilient
and adaptive systems in the future. Ultimately, the development and implementation of this
framework would contribute to reducing disaster risks, minimizing losses, and strengthening

Bangladesh’s overall capacity to manage and respond to multiple hazards sustainably.

1.3 Research Objectives

The main objective of this study is to design a Disaster Demand Matrix (DDM) for Bangladesh,
with particular emphasis on coastal cyclones as a case. Once the DDM is developed for cyclone-
related hazards, it can be adapted and applied to other types of disasters in Bangladesh as well as
in different geographic contexts beyond the country. This approach aims to identify critical needs,
assess existing gaps, and improve disaster management strategies in vulnerable coastal regions.

The specific objectives to accomplish the main objective are as follows:

The specific objectives to accomplish the main objective are as follows:

1. To critically review existing studies on tropical cyclone disaster management in the Bay of

Bengal region;
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2. To empirically assess observed trends of tropical cyclone intensity along the Bangladesh
coast;

3. To assess the globally ongoing best practices of disaster management activities for tropical
cyclone;

4. To develop cyclone disaster demand matrix;

5. To prioritize the disaster management activities according to the demand matrix of

Bangladesh.

This thesis critically evaluates tropical cyclone disaster management in Bangladesh by integrating
empirical trend analysis with a novel, systematic gap-assessment framework. It first establishes
the research problem and reviews existing literature on the Bay of Bengal cyclones. The study then
analyzes four decades of cyclone data (1982-2024) to empirically test widely held assumptions
about climate-driven increases in cyclone intensity. Following this trend analysis, current national
practices are examined against global best practices to identify critical shortcomings for effective
tropical cyclone disaster management. The core contribution of this research is the development
of a DDM for cyclone as a case, a systematic benchmarking tool, that quantifies gaps between
standard situation of disaster management and existing local realities across nine major disaster

management activities.

To ensure precision and strategic prioritization, the thesis further ranks 42 sub-activities within
these major categories using the Fuzzy Analytical Network Process (FANP) method. Ultimately,
this study offers a robust, evidence-based strategic framework for strengthening Bangladesh's

cyclone resilience by directing resources and policy attention to the most critical unmet demands.

1.4 Structure of the Thesis

In Chapter 1, the introduction provides context by emphasizing Bangladesh's susceptibility to
tropical cyclones and other natural hazards. It underlines the significance of better disaster
management in the country, as natural disasters, notably cyclones, continue to destroy coastal
towns. The chapter describes the research objectives, which include creating a DDM to improve
disaster resilience by identifying gaps in current management practices and the need for a demand-

driven, systematic approach to disaster response and recovery in Bangladesh's coastal areas.
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Chapter 2 reviews the literature on disaster management and risk reduction (DRR), focusing on
Bangladesh. It explores the evolution of global and national disaster management systems,
highlighting how past cyclones have driven reforms. The chapter also discusses key advancements,
such as the Cyclone Preparedness Programme (CPP) and improvements in evacuation and
forecasting. However, it identifies ongoing challenges, including governance gaps, insufficient
preparedness, and resilience-building issues in coastal communities, alongside institutional and

policy weaknesses.

Chapter 3 examines cyclone patterns along the Bangladesh coast using contemporary satellite data
from 1982 to 2024. It looks at trends in cyclone frequency, severity, intensity, and length
throughout time. Using a geographically layered framework, the study offers light on how cyclone
patterns have changed, particularly the growing frequency and intensity of storms. These findings
emphasize coastal populations' increasing vulnerability and the need for greater disaster

management methods to meet the changing features of tropical storms.

Chapter 4 analyzes Bangladesh's present disaster management strategies and compares them to
worldwide best practices for mitigation, readiness, response, and recovery. It assesses the country's
legislative and policy frameworks, identifying deficiencies and inefficiencies that impede efficient
disaster response. The study also identifies gaps between Bangladesh's disaster management
policies and international norms, notably in terms of institutional coordination, resource allocation,

and the ability to respond quickly and effectively to cyclone events.

In chapter 5, the thesis describes the development of the Disaster Demand Matrix (DDM), a
framework for assessing and improving disaster management in Bangladesh. The chapter
describes the data gathering procedures, which include expert surveys and validation processes. It
then discusses how the matrix was created by comparing existing disaster management practices
to an ideal situation. The DDM is a technique for identifying gaps in the disaster response system,

which helps to prioritize critical changes in cyclone catastrophe management.

Chapter 6 focuses on using the Fuzzy Analytical Network Process (ANP) to prioritize disaster
management operations. By examining the interrelationships across several disaster management
domains, the study uses ANP to rank critical activities and indicate those that should be prioritized

for improvement. The findings offer a roadmap for Bangladesh's disaster management initiatives,


Mahamudul Hasan
Typewritten text
Dhaka University Institutional Repository


Dhaka University Institutional Repository

ensuring that funds and resources are allocated to the most important and effective measures for

reducing cyclone risks and building resilience in affected communities.

Chapter 7 highlights the research findings and proposes strategic recommendations for enhancing
cyclone disaster management in Bangladesh. It suggests initiatives to improve early warning
systems, preparedness planning, evacuation processes, and non-structural mitigation actions. The
chapter also underlines the importance of enhanced governance, coordination, and financial
structures to promote disaster resilience and long-term recovery. The recommendations seek to
provide a more effective and comprehensive disaster management strategy, with an emphasis on

strengthening local capacities and maintaining sustainability during recurring cyclone events.

The conclusion in chapter 8 summarizes the results of the study, emphasizing the effectiveness of
the Disaster Demand Matrix (DDM) in addressing deficiencies in Bangladesh's disaster
management system. [t demonstrates the need for a more comprehensive, evidence-based approach
to disaster resilience that considers both physical and socioeconomic vulnerabilities. The chapter
concludes by recommending more research and practical methods to execute the strategic
suggestions, with an emphasis on strengthening disaster planning, response, and recovery systems,

which will strengthen Bangladesh’s disaster resilience.
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Chapter 2: Literature Review

2.1 Conceptual Framework of Disaster Management and Disaster Risk

Reduction

Disaster management is widely recognized as a systematic and cyclical process essential for
reducing the impacts of natural hazards on infrastructure, livelihoods, and communities. At the
global level, the United Nations Office for Disaster Risk Reduction framework, particularly the
Sendai Framework for Disaster Risk Reduction 2015-2030 (UNDRR, 2015) provides a
comprehensive policy structure that integrates preparedness, response, recovery, and mitigation to
minimize disaster losses in hazard-prone regions. Expanding on this, Tay et al. (2022) analyze the
Disaster Management Cycle (DMC) and identify key risk variables distributed across its four
phases, emphasizing that weaknesses in any single phase can undermine the effectiveness of the

entire system.

From a community-based perspective, Kafle (2010) demonstrates through the Integrated
Community-Based Risk Reduction (ICBRR) model that resilience is best achieved when all phases
of the DMC are cohesively integrated into local-level actions involving multiple stakeholders. This
view is reinforced by Bali (2024), who conceptualizes disaster management as a continuous and
self-reinforcing process rather than a set of discrete interventions. Furthermore, Joakim & Wismer
(2015) highlight that insufficient monitoring of livelihood recovery programs can significantly
weaken long-term resilience, while Oloruntoba et al. (2018) show that effective pre-disaster

preparedness contributes directly to faster and more efficient recovery outcomes.

2.2 Evolution of Disaster Management in Bangladesh

In hazard-prone contexts of Bangladesh, these principles are particularly evident. Haque and
Uddin (2013) document the country’s transition from a reactive, relief-oriented approach to a more
proactive system emphasizing preparedness and mitigation through institutional collaboration.
Similarly, Azad et al. (2019) illustrate how large-scale partnerships have strengthened community-
based initiatives, promoting more localized and adaptive risk reduction strategies. Vermiglio et al.
(2022) argue that integrated governance frameworks spanning all phases of the DMC are crucial

for effective disaster management at the organizational level. Collectively, these studies

11


Mahamudul Hasan
Typewritten text
Dhaka University Institutional Repository


Dhaka University Institutional Repository

demonstrate that effective disaster management requires a holistic and integrated approach, where
mitigation reduces baseline risks, preparedness enhances capacity, response limits immediate

impacts, and recovery supports the restoration of livelihoods and long-term resilience.

2.3 Historical Cyclone Disasters as Catalysts for Reform

The history of disaster management in Bangladesh has been profoundly shaped by the catastrophic
impacts of tropical cyclones, particularly the Bhola Cyclone and Cyclone Gorky, which served as
pivotal turning points in the nation’s approach to disaster preparedness and response. The 1970
Bhola Cyclone, which claimed approximately 300,000 lives, exposed severe governance failures,
including deficiencies in early warning systems, inadequate cyclone shelter infrastructure, and
weak institutional coordination under the then Pakistani administration (Biswas & Daly, 2020;
Hossain, 2018). The unprecedented loss of life revealed a significant governance gap, ‘put disaster
management on the nationalist agenda’, and established ‘a social contract to protect the population
against disasters’ following independence (Hossain, 2018). These events prompted initial
institutional responses, most notably the establishment of the Cyclone Preparedness Programme
(CPP) in 1973 (Haque et al., 2022; Khan, 2008), which aimed to enhance early warning

dissemination and community awareness through volunteer-based mechanisms (Singh, 2010).

Despite these efforts, the 1991 Cyclone Gorky, which caused over 138,000 fatalities and extensive
damage to infrastructure, agriculture, and the economy demonstrated that early measures were
insufficient (Alam et al., 2024; Bern et al., 1993). It revealed persistent weaknesses in evacuation
systems, coastal protection, and public trust in warning mechanisms, as well as fragmented
coordination among government agencies and non-governmental organizations, highlighting the
limitations of a reactive, relief-oriented approach (Haque, 1995; Haque & Blair, 1992). The scale
of devastation underscored the urgent need for a more structured and systematic disaster

management system (Bern et al., 1993; Sabur, 2012).

2.4 Institutional Development and Policy Frameworks

The Bhola and Gorky cyclones revealed major weaknesses in Bangladesh’s disaster management
system and acted as a catalyst for reform. In response, the government incorporated international

best practices in hazard identification, mitigation, and community preparedness. A formal legal
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framework was established, culminating in the Standing Orders on Disaster (1997), which clarified
responsibilities across government agencies. Institutional capacity was strengthened through the
creation of the Disaster Management Bureau (DMB) in 1993 under the Ministry of Food and
Disaster Management, serving as the central coordinating body. These initiatives together laid the
foundation for a more structured and coordinated disaster management system in Bangladesh

(Sabur, 2012; Shaw et al., 2013).
2.5 Transition to Disaster Risk Reduction and Preparedness Paradigm

For decades, post-event aid and rehabilitation constituted the main priorities of Bangladesh's
reactive disaster management. However, since the 1990s, the Sendai Framework for Disaster Risk
Reduction (2015-2030) and the Hyogo Framework for Action (2005-2015) have served as the
essential components of disaster management for all member states in an effort to shift the core
principles of global disaster management from disaster prevention to disaster risk reduction (Sony
etal., 2023; Kelman & Glantz, 2015). Over time, the trend in cyclone impact in the coastal regions
of Bangladesh has showed noticeable improvements in disaster preparedness, disaster risk
reduction, and community resilience, suggesting a potential paradigm shift (Azad & Khan, 2015;
Panda et al., 2011). Aila in 2009, which struck both India and Bangladesh with limited fatalities
of 200 in Bangladesh, further illustrated this change (Haque & Uddin, 2013).

2.6 Advancements in Disaster Management

In Bangladesh, the key development in disaster governance is the transition from a top-down,
relief-centric model to a proactive, community-focused approach. Current national policies
prioritize local, people-centered risk reduction and encourage partnerships across different scales
to enhance community resilience, supported by various measures aimed at decentralizing disaster
management (Azad et al., 2019). This institutional evolution has led to significant investments in
technology and infrastructure, particularly in multi-hazard early warning systems (EWS),
interactive voice response (IVR), and the Cyclone Preparedness Program (CPP), which provide
timely information to households, saving lives and livelihoods (Syed et al., 2021). Thus, the latest
approach unites preparedness, EWS, risk reduction, mitigation, and long-term recovery planning

into a multi-hazard management framework.
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2.6.1 Cyclone Preparedness Programme (CPP)

Bangladesh is known for its strong disaster risk management, especially in dealing with tropical
cyclones. A key factor in this success is the Cyclone Preparedness Programme (CPP), a long-
standing partnership between the government and the Bangladesh Red Crescent Society, focused
on community-based preparedness and spreading early warnings (Habib et al., 2012; Haque et al.,
2022; UNDRR, 2025). The CPP trains and organizes over 76,000 local volunteers, including a
large number of women, to communicate official warnings, support evacuations, and provide basic
emergency assistance to vulnerable populations before and during cyclone events (Kazi et al.,
2022; MoDMR, 2021; UNDRR, 2025).

Volunteers play a key role in connecting national warnings to communities, ensuring timely
evacuations. During Cyclone Bulbul in 2019, CPP volunteers helped evacuate around 2.1 million
people, highlighting the importance of community involvement in disaster preparedness (Islam et

al., 2022; UNDP, 2019).

2.6.2 Effectiveness of Evacuation and Forecast-Based Action

Recent research shows that while early warning and evacuation systems have improved, social
norms and governance barriers still affect evacuation decisions, especially for women and
vulnerable groups (Hossain, 2026; Masud-All-Kamal et al., 2025). Improving community
communication and support is key to better preparedness and reducing losses. Bangladesh has also
implemented Forecast-based Action (FbA), which uses weather forecasts to trigger early actions
like preparing shelters and mobilizing resources (Mahmud et al., 2026; Tanner et al., 2019). While
this proactive approach has strengthened community resilience, challenges like shelter access and

uneven evacuation capacity persist (Daiyan et al., 2025; Zakaria et al., 2025; Zaman et al., 2025).

2.7 Persistent Challenges in Disaster Management in Bangladesh

Despite Bangladesh's internationally acknowledged progress in disaster risk reduction, the
available literature identifies persistent structural and systemic challenges that hinder the long-
term efficacy of its disaster management framework, especially in light of the developing
requirements of climate change (Hasan et al., 2013; Rocha & Falduto, 2019). Institutional capacity
constraints, particularly at sub-national levels, constitute a basic restriction. Research shows that

while national policies are generally strong, local institutions often lack operational autonomy,
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skilled staff, and technical know-how, which causes gaps between policy design and execution (
Zaman et al., 2022). Effective last-mile execution of services is further hindered by an absence of

vertical compatibility between national and local governing systems.

The disarray of coordinating and governance structures is a further major issue. Several ministries
and agencies are involved in disaster management in Bangladesh, while these entities usually
function in institutional silos, which leads to poor interdisciplinary coordination and ineffective
management of cross-cutting hazards like climate change (Barua, 2021; Haque et al., 2024; Zaman
et al., 2022). According to Uddin (2022), this dispersion impedes exchange of information and
integrated planning in parallel with creating repetition of efforts. Scientific study also identifies
irregular coordination procedures and bureaucratic rigidity as obstacles to successful
implementation. Additionally, there are still a lot of financial and strategic planning limitations.
Bangladesh has created ambitious plans for disaster and climate resilience, but the amount of
funding needed is significantly more than what is available internally (Hasan et al., 2013).
According to recent evaluations, putting climate-resilient development routes into action would
need significant long-term funding, most of which is now reliant on donations from outside sources
(Arfanuzzaman, 2024). Concerns about national ownership of disaster management programs,

sustainability, and continuity are raised by this dependency.

Moreover, issues related to sustainability and execution difficulties persist at the project level.
Project-driven, short-term oriented approaches are often used to conduct disaster risk reduction
(DRR) initiatives which can result in sectoral silos across livelihood, climate adaptation, and
disaster management programs, limiting their long-term efficacy and integration (Haque et al.,
2024; Hasan et al., 2013; Hoque et al., 2019). Ultimately, more equitable and tailored approaches
are absolutely essential in the effectiveness of emergency preparation measures like evacuation is
still limited by psychosocial and governmental barriers, including gender inequality, societal
stratification, and low community engagement (Masud-All-Kamal et al., 2025). According to the
Paris Agreement, vulnerability is increased when marginalized groups continue to be excluded
during decision-making processes (Falkner, 2016). Strengthening institutional capacity across
scales, guaranteeing consistent and varied funding, improving interagency coordination, and
encouraging inclusive, community-driven approaches are all necessary to address these

interrelated issues and create resilient and adaptable disaster management systems in Bangladesh.
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Chapter 3: Tropical Cyclones Trend Along the Bangladesh Coast
(1982-2024)

3.1 General

Intense Tropical Cyclones (TCs), fueled by warm tropical seas and the jet stream, have been a
major cause of fatalities and economic losses. Climate change projections for the twenty-first
century indicate that tropical cyclones will likely be impacted by increased wind speeds and
heavier rainfall, in addition to the effects of rising Sea Surface Temperatures (SST) on storm
formation and behavior (Hibbert et al., 2023; Seneviratne et al., 2021). Furthermore, global models
indicate that in the upcoming decades, global warming will cause some locations to experience an
increase in rapid intensification, poleward migration, or a slowdown of TCs, although it is difficult
to attribute these changes to anthropogenic forcing (Knutson et al., 2021; Kossin, 2018; Kossin et

al., 2014).

Despite global projections linking anthropogenic warming to increased TCs intensity,
observational evidence presents a more nuanced picture (Hibbert et al., 2023; Wang et al., 2025).
This regional complexity is part of a broader global picture where the fingerprint of climate change
on TCs is strongly mediated by the pattern of sea surface warming, with localized changes
consequently linked to key environmental variables. A comprehensive review by Wang et al.
(2025) highlights that over 80% of CMIP6 climate models project an El Nifio-like warming pattern
in the tropical Pacific, whereas observations since 1950 consistently have shown a relative cooling
in the eastern equatorial Pacific, a La Nifa-like pattern. These contradictions, arising from model
biases in cloud feedbacks and ocean dynamics, lead to large uncertainties in projecting future TC
activity (Wang et al., 2025). These future projection uncertainties are especially important in
basins like the North Indian Ocean, where it is difficult to identify and attribute long-term trends

due to the observational record itself.

In the North Indian Ocean, reported changes in cyclone intensity and frequency are highly sensitive
to the choice of time frame and the reliability of detection systems, complicating attribution to
anthropogenic forcing. For example, Balaguru et al., (2014) identified increased post-monsoon

Bay of Bengal TC intensity during 1981-2010, linking it to rising SST, ocean heat content, and
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moist static energy in the eastern basin, and suggesting increasingly favorable large-scale
conditions (Balaguru et al., 2014). However, this 30-year window may reflect decadal variability
rather than a robust long-term secular trend. While some studies report a rising incidence of severe
TCs under favorable thermodynamic and dynamical conditions, including reduced vertical wind
shear and enhanced low-level vorticity (Mohapatra et al., 2015), century-scale records from
multiple basins indicate either declining or weakly varying TC frequencies, although there is only
low confidence in distinguishing anthropogenic signals from natural variability and observational
biases (Knutson et al., 2019; Kossin et al., 2020). Moreover, recent basin-focused analyses, based
on a homogenized best-track dataset, further complicate this narrative by showing largely
stationary trends in TC frequency and intensified severity probability during 1965-2020. These
trends imply a divergence: the likelihood that any given cyclone becomes severe may be rising,
yet the overall frequency of cyclonic disturbances and their subsequent intensification has

decreased (Mohapatra et al., 2021).

Inconsistencies between studies can be partly linked to uncertainties in pre-satellite cyclone
records and increasing detection capabilities, emphasizing the need for cautious interpretation of
long-term TC trends and strengthening gaps in reconciling global forecasts with regional data.
Prior to the modern satellite era, consistent detection of weaker systems, particularly depressions
and deep depressions, was highly sensitive to observational capabilities (Landsea et al., 2010). The
cyclone archive maintained by the India Meteorological Department (IMD) is considered
climatologically reliable from 1961 onward, reflecting improved observational practices.
Nevertheless, detection consistency for weaker disturbances remained variable through the pre-
satellite and early satellite periods. Substantial improvements in detection fidelity and intensity
estimation occurred with the deployment of India’s Indian National Satellite System (INSAT)
series in 1982, which enabled continuous, basin-focused satellite monitoring over the North Indian
Ocean and markedly reduced uncertainties in cyclone identification and classification (Mohanty

et al., 2014).

There is ongoing discussion over the evolution of tropical cyclone activity over Bangladesh, which
has a long record of suffering damage from severe TCs because of its geographic location. The
Bay of Bengal, the principal sub-basin of the North Indian Ocean, represents a persistent center of

tropical cyclone activity, accounting for an average of 3.96 annual landfalls out of approximately
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4.36 total tropical disturbance landfalls recorded across the region (Mohapatra et al., 2021).
Situated at the northern vertex of the Bay of Bengal, Bangladesh forms the terminal point of a vast
ocean-atmosphere system that generates some of the world's most destructive tropical cyclones
(Fig. 3.1). On top of that, the distinctive geomorphology of the Bangladesh coastline, characterized
by a shallow, funnel-shaped continental shelf that amplifies storm surges, combined with high
coastal population density, transforms basin-scale meteorological phenomena into large-scale
national disasters. Consequently, trends observed at the basin scale do not necessarily translate
linearly into coastal risk; a cyclone forming in the central Bay of Bengal must navigate a complex
propagation pathway before potentially threatening the Bangladesh coast. This spatial
heterogeneity underscores the need for domain-specific analyses that distinguish between basin-

wide genesis zones, near-coastal regions, and direct landfall areas.

While foundational studies have depicted long-term frequency trends over the North Indian Ocean
(Mohapatra et al., 2015; Mohapatra et al., 2021), they predominantly operate at basin scale and
span periods with heterogeneous observational capabilities, leaving unresolved the question of
how projected increases in severe storm proportions manifest along Bangladesh's vulnerable
shoreline. Moreover, previous studies of cyclones on the Bay of Bengal have mostly concentrated
on long-term cyclone activity, frequency, climatology, isolated intensity measures, and predicting
wind speed return duration without making any connections to temporal nonlinear shifting or
proportionate severity shifts (Bhardwaj & Singh, 2020; Mohanty et al., 2014; Wahiduzzaman &
Yeasmin, 2024). These approaches carry the risk of minimizing two important aspects of the
evolution of storms: (1) spatially heterogeneous trends between coastal impact regions and open-
ocean genesis zones; and (2) non-stationary temporal patterns that could involve regime shifts,
acceleration, or thresholds instead of monotonic linear change. Addressing this gap requires a
spatially nested, data-aware framework that isolates the modern satellite era's most reliable
observations to determine whether the trend projected basin-wise is propagating towards

Bangladesh's coast.

The present study addresses these issues by restricting analysis to the modern satellite era (1982—
2024), a 43-year period where geostationary satellite coverage, Dvorak intensity estimation, and
cyclone detection radar networks were sufficiently mature to ensure consistent detection across

the full disturbance spectrum. This temporal restriction, while reducing sample size, prioritizes
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data reliability over record length, a necessary precondition for distinguishing genuine climate
signals from detection artefacts. Furthermore, to define the change in tropical storm intensification,
the present study introduces a geographically nested, hierarchical framework, progressing from
linear regression to nonlinear models (quadratic and Generalized Additive Model (GAM)), and
logistic regression for event-level severity odds. This multi-model approach explicitly evaluates
sensitivity to intensity thresholds and weak-system detection, while capturing spatially
heterogeneous and non-stationary dynamics across landfall, near-coastal, and basin-wide domains.
Such a framework provides a more practical foundation for coastal adaptation by isolating the
evolution of hazards prevalent along the Bangladesh coast while formally testing for the nonlinear
responses anticipated from interacting climate causes, including threshold-dependent

intensification and El Nifio—Southern Oscillation (ENSO) non-stationarity.
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Fig. 3.1 The spatial distribution of cyclonic disturbances in the northern Bay of Bengal along
Bangladesh coast from 1982 to 2024 is classified by intensity according to the New Delhi grading
system of the WMO RSMC, based on maximum sustained wind speed (knots) [Source: National
Oceanic and Atmospheric Administration, 2024]. The inset graph of tropical disturbance
frequency during that corresponding era shows a slight decline in the annual total of events in
recent years.
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3.2 Materials and Methods

3.2.1 Study Area and Data Selection

The current analysis provides a deeper examination of storm dynamics for the last 43 years (1982
—2024) to understand the changing nature of cyclone severity in Bangladesh by stratifying tropical
events into genesis, coastal-threat, and landfall domains. The IMD best-track archive and the
National Oceanic and Atmospheric Administration (NOAA) International Best Track Archive for
Climate Stewardship (IBTrACS) dataset were used to collect and filter the atmospheric parameters
for tropical disturbances from 1982 to 2024 to optimize precision for tropical storms that affected

Bangladesh.

Three nested domains were defined: the basin-wide genesis zone, a 400 km near-coastal buffer,
and a 50 km direct coastal buffer. All low-pressure systems located within 400 km of the shoreline
were taken into consideration to provide a thorough assessment of the tropical cyclones that affect
the region. This distance was selected because, although direct cyclone impacts tend to decrease
beyond this range, indirect impacts, such as increased monsoon rainfall, storm surges, and ocean
swells, can still significantly affect the area. This criterion ensures that relevant incidents are
recorded without overstretching the domain by matching predicted cyclone influence zones and
observed R34 wind radii (~100—400 km) (Busireddy et al., 2022). On the other hand, the 50 km
buffer is supported by Feng et al. (2023), who documented that even the smallest tropical cyclone
in their study (Meranti) exhibited an inner-core radius of 30-50 km, ensuring this threshold

uniformly captures core dynamics across all storm sizes for trend analysis (Feng et al., 2023).

The cases were classified according to the India Meteorological Department (IMD) (New Delhi),
which is widely adopted across South Asia. The classes are: Low Pressure Area (W < 17 knots),
Depression (17 < W < 28 knots), Deep Depression (28 < W < 34 knots), Cyclonic Storm (34 <W
< 48 knots), Severe Cyclonic Storm (48 < W < 64 knots), Very Severe Cyclonic Storm (64 <W <
120 knots), and Super Cyclonic Storm (W > 120 knots). The latter three of the seven types,
beginning with Severe Cyclonic Storm, are categorized as intense or catastrophic cyclones because
they are considered stronger phenomena. The dataset includes 282 records between 1982 and 2024,

of which 80 were classified as severe. All statistical analyses were conducted via R coding.
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3.2.2 Trend Analysis
3.2.2.1 Frequency and Proportionality Trends

To analyze trends in the annual frequency of cyclone events, an Ordinary Least Squares (OLS)
linear regression was applied first to the annual count time series for both non-severe and severe
categories across all three domains. The model estimated the slope (representing the average
annual change in cyclone count), its 95% confidence interval, and the coefficient of determination
(R?). To determine if trends were more complex than a simple linear change, the linear model was
compared against two non-linear alternatives, the Quadratic Model and the GAM. Model selection
was guided by the Akaike Information Criterion to avoid overfitting and ensure statistically

meaningful results.

Trends in the composition of cyclone severity were assessed using two complementary methods.
First, an OLS regression was performed on the annual severe share (the proportion of severe events
relative to the total annual count for each domain) for each domain. Second, to analyze severity at
the event level while accounting for annual variability, a binary logistic regression was employed.
In this model, the binary outcome (severe vs. non-severe) for each individual cyclone event was
modeled as a function of the year, with the domains analyzed separately. The resulting odds ratio
for the 'year' term indicates the annual multiplicative change in the probability of an event being

SEvere.

Ordinary Least Squares (OLS): OLS establishes whether monotonic change exists in the simplest,
most interpretable way. Linear trends provide direct effect sizes (slope, CI) and a baseline AIC for

subsequent comparisons. Annual proportion (severe/total events) was modeled using OLS.
Y =|30+ Blyeart+ &t (3.1)

Quadratic: Tests parsimonious curvature (single turning point) to capture multi-decadal shifts

without overfitting. Serves as a nested parametric extension to OLS.

yi=Po + Piyear;+ Poyearts + & (3.2)

GAM: Allows flexible, data-driven nonlinearity using penalized splines; controls complexity via

effective degrees of freedom (edf) and smoothing penalties, avoiding spurious wiggle.
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yi=Po + s(yeary) + & (3.3)

Logistic regression (event-level severity odds): Shifts from aggregates to event-level severity
probability over time, checking whether composition shifts are intrinsic to events rather than

aggregation artifacts.

= o + vy yeart (3.4)

log
Og T
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3.2.2.2 Intensity and Persistence Trends

For the cyclone-specific variables of maximum wind speed and duration, OLS regression at the
event level was applied. The slope estimates the average annual change in a cyclone's peak
intensity (knots/year) or its lifespan (hours/year). Given the hierarchical structure of the data
(events nested within years and domains), this approach provides a direct measure of how the
characteristics of individual cyclones, rather than just the annual counts, have evolved over the
study period. All statistical analyses were performed to detect significant trends at a 95%

confidence level (p < 0.05).

3.3 Results

3.3.1 Trends in Cyclone Frequency
3.3.1.1 Linear Trend

The analysis of annual cyclone frequency from 1982 to 2024 revealed predominantly neutral trends
across all domains and severity classes (Fig. 3.2, Table 3.1). The OLS regression slopes for both
non-severe and severe events were negative but statistically non-significant in all cases (p > 0.05).
For instance, in the Bay of Bengal Basin Genesis domain, non-severe events showed a slight, non-
significant decline (slope = -0.018 events/year, p = 0.54), as did severe events (slope = -0.007
events/year, p = 0.61). The Near-Coastal Impact Zone (400 km) for Bangladesh exhibited a
similarly non-significant negative slope for both categories. The Direct Coastal Impact Zone (50

km) showed the flattest trends, with a near-zero slope for severe events.
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Annual tropical disturbance counts by category across domains (1982-2024)

Domain = Bangladesh Direct Coastal Impact Zone Bangladesh Near-Coastal Impact Zone ~~ Bay of Bengal Basin Genesis
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y = 18.24 + -0.008608x
b. Near-Coastal Impact Zone:
y = 23.89 + -0.010571x
7.5 3 = t * ' c. Basin Genesis:
; y = 40.39 + -0.017819x

Severe events:
" a. Direct Coastal Impact Zone:
y =1.72 + -0.000604x
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Fig. 3.2 Annual tropical disturbance counts by intensity category across spatial domains (1982—
2024). Panels show non-severe (left) and severe (right) events for the Bangladesh direct coastal
impact zone, Bangladesh near-coastal impact zone, and the Bay of Bengal basin genesis region.
Points represent observed annual counts, and solid lines indicate fitted linear trends with shaded
95% confidence intervals.

Table 3.1 Summary of linear trends in annual tropical cyclone frequency (1982-2024). A negative
slope indicates a decreasing trend over time. All p-values are >0.05, indicating no statistically
significant linear trend.

Mean Slope
Domain Category Annual (events/yea P-value R?
Count (n) r)
BD Direct tal 1 t
irect Coastal Impac Non-severe 1 -0.0086 0.429 0.0153
Z.one
BD Direct Coastal Impact Severe 0512 -0.0006 0.9459 0.0001
Z.one
BD Near-Coastal Impact Non-severe 2721 -0.0106 0.637 0.0055
Z.one
BD Near- tal I t
ear-Coastal Impac Severe 0.953 -0.0079 047 0.0128
Z.one
Bay of Benggl Basin Non-severe 4.697 -0.0178 0.539 0.0093
Genesis
Bay of Bengal Basin Severe 1.861 -0.0071  0.607  0.0065
Genesis
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3.3.1.2 Non-linear Trend

The comparison of linear, quadratic, and GAM models using AIC further supported the lack of a
strong temporal trend (Fig. 3.3, Table 3.2). In five out of six domain-category combinations, the
linear model had the lowest (or near-lowest) AIC, suggesting it was the most frugal description of
the data and that adding complexity did not improve model fit. The sole exception was for severe
events in the Bangladesh Near-Coastal Zone (400 km), where the GAM provided a superior fit
(AICgam = 107.15 vs. AlCiinear = 114.64) and showed a significant non-linear trend (p = 0.024 for
the smooth term). This indicates multi-decadal fluctuation in severe cyclone frequency within 400
km of the coast. The estimated degrees of freedom (edf) for this GAM (edf = 3.27) confirms a
moderately complex, non-linear pattern. Notably, this signal is absent in the 50 km direct coastal
zone, a discrepancy that may arise from either the reduced sample size in the inner domain (mean
annual severe count = 0.51) acting as a statistical filter, or from genuine physical processes that

dampen these fluctuations within the final 50 km of the coastline.

Annual Cyclone Counts: Quadratic vs GAM

Bangladesh Direct Coastal Impact Zone Bangladesh Near-Coastal Impact Zone Bay of Bengal Basin Genesis
3 10.0
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Fig. 3.3 Quadratic and GAM-based representations of annual tropical cyclone count for the
Bangladesh direct coastal impact zone, Bangladesh near-coastal impact zone, and the Bay of
Bengal genesis region (1982-2024). Blue and red denote non-severe and severe events,
respectively. Solid lines show GAM smooths, dashed lines quadratic fits, and shaded areas indicate
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95% confidence intervals. Observations are shown as points, illustrating generally weak and non-
robust nonlinear trends across domains.

Table 3.2 Model selection for annual cyclone frequency. AIC values are shown for linear,
quadratic, and GAMs. Lower AIC values indicate a better fit. The GAM smooth term's p-value
(pval_s_gam) is also provided.

GAM
AI ine AI uadra AI
Domain Category G C? ¢ Caa edfgam P-
ar tic M value
BD Direct Coastal Impact - Non- ) 60011486 11451 2005 044
Zone severe
BD Direct Coastal Impact ¢ 0 g¢ o 96.88 9673 1929  0.636
Zone
BD Near-Coastal Impact Non- 1688 177.99 17694  1.036  0.676
Zone severe
BD Near-Coastal Impact
car-Coastal Impac Severe  114.64 1091  107.15 3273  0.024
Zone
Bay of Bengal Basin Non- 15018 19937 19957 1384  0.65
Genesis severe
Bay of Bengal Basin Severe 13522  132.84 1337 22244 0276
Genesis

3.3.2 Trends in Cyclone Severity Composition

The proportion of cyclones reaching severe status also showed no significant linear trend over the
study period (Fig. 3.4, Table 3.3). For all three domains, the OLS regression on the annual severe
share yielded negative but statistically non-significant slopes (p > 0.05). The mean share of severe
events was remarkably consistent across domains, ranging from 27.3% in the Bangladesh Near-

Coastal Zone to 31.9% in the Direct Coastal Zone, with the basin-wide mean at 30.2%.
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Annual Proportionality (Severe/Total) Across The Domains (1982-2024)
Domain == Bangladesh Direct Coastal Impact Zone == Bangladesh Near-Coastal Impact Zone == Bay of Bengal Basin Genesis
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Fig. 3.4 Annual proportion of severe tropical cyclones relative to the total count for each domain
(1982-2024). The dashed line represents the linear trend. The flat trajectories across all panels
confirm the lack of a systematic change in the composition of cyclone severity over time.

Table 3.3 Linear trends in the annual proportion (share) of severe cyclones (1982-2024). All
slopes are statistically non-significant (p > 0.05).

. Mean Severe Slope 5

Domain Share (fraction/year) p_value R
BD Direct Coastal Impact 0319 -0.00076 0.88 0.0007
Zone 3
BD Near-Coastal Impact 0273 0.00157 0.645 0.0053
Zone 6
Bay ofBengal Basin 0.302 -0.00094 0713 0.0033
Genesis 2

However, the event-level logistic regression, which models the probability of an individual
cyclone being severe as a function of time, revealed distinct domain-specific patterns that were

masked in the aggregated annual proportion analysis (Table 3.4).
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In the Bangladesh Direct Coastal Impact Zone (50 km), the odds ratio for year was effectively 1.00
(OR = 0.99998, 95% CI: 0.98-1.02, p = 0.998), indicating stability in the probability of a
landfalling cyclone being severe over the 43-year period. However, the confidence intervals,
spanning from a 2% annual decrease to a 2% annual increase in odds, again reminds that no
statistically significant trend was detectable given the available data. The extremely wide
confidence intervals for the intercept reflect the sparse event count in this near-shore zone, where

severe cyclones are rare (mean = 0.51 per year).

For the Bangladesh Near-Coastal Impact Zone (400 km), the odds ratio suggested a slight, non-
significant decline in the odds of severity over time (OR = 0.996, 95% CI: 0.97-1.02, p = 0.781).
This negative tendency, while not statistically significant, aligns with the non-linear pattern
detected by the GAM for severe frequency in this same domain (Table 3.2), where a significant
smooth term (p = 0.024) indicated multi-decadal fluctuations. The Bay of Bengal Basin Genesis
domain exhibited a weak, non-significant positive trend (OR = 1.006, 95% CI: 0.97-1.05, p =
0.746). This suggests that at the broad, basin-wide scale, the thermodynamic odds of cyclone
intensification to severe status have remained more-or-less constant since 1982. However, it is
important to note that the confidence intervals for all three domains are wide and overlapping
(Table 3.4), indicating substantial uncertainty in the precise magnitude of any trend. For example,
the basin-wide estimate (OR = 1.006) has a 95% confidence interval spanning 0.97-1.05,

consistent with anything from a 3% annual decrease to a 5% annual increase in severe odds.

Table 3.4 Event-level logistic regression results for severe cyclone probability (1982-2024). An
odds ratio (estimate for year) >1 indicates increasing odds of severity over time, while <1 indicates
decreasing odds.

95% Conf.

Domain Term Estlmatei (Odds Interval P-value
Ratio) .
Low High

BD Direct Coastal year 0.99998 098028  1.0200 0.99845
Impact Zone
BD Near-Coastal Impact /- 0.99619 0.96954 1.02334 0.78065
Zone
Bay of Bengal Basin year 1.00631 0.96845 1.04594 0.74630
Genesis
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3.3.3 Trends in Cyclone Intensity and Duration

In contrast to the stable frequency and composition, a different picture emerges when analyzing
event-level characteristics (Fig. 3.5, Fig. 3.6, and Table 3.5) Scatter plot of individual cyclone
events showing maximum wind speed over time (1982-2024) for each domain. The solid blue line
represents the linear trend. The slight downward slope is visually consistent across domains, but
the scatter is high. The maximum wind speed achieved by cyclones showed a consistent, albeit
statistically non-significant, negative trend across all domains. The largest decline was observed
for basin-wide cyclones (slope = -0.23 knots/year, p = 0.22), followed by the Near-Coastal Zone
(slope =-0.20 knots/year, p = 0.46). The point estimates suggest that the average peak intensity of
cyclones may have weakened by approximately 2.3 knots per decade basin-wide, but this trend is

not strong enough to be distinguished from random variability.

Temporal Trends in Maximum Sustainable Wind of Tropical Cyclones Across Bay of Bengal (1982-2024)

Domains Bangladesh Direct Coastal Impact Zone == Bangladesh Near-Coastal Impact Zone Bay of Bengal Basin Genesis

y =478.96 + -0.2043x

120

90

Maximum Sustainable Wind

60

30
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Year

Fig. 3.5 Scatter plot of individual cyclone events showing maximum wind speed over time (1982—
2024) for each domain. The solid blue line represents the linear trend. The slight downward slope
is visually consistent across domains, but the scatter is high.
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Trends in cyclone duration were more ambiguous and domain dependent. Cyclones impacting the
immediate Bangladesh coast (50 km) exhibited a weak tendency to shorten over time (slope = -
0.25 hours/year, p = 0.75). Conversely, cyclones in the broader basin (Basin Genesis and the Near-
Coastal 400 km zone) showed a non-significant tendency towards longer durations, with basin-
wide storms lasting about 1.8 hours longer per decade (slope = +0.18 hours/year, p = 0.72).

However, given the high p-values, this duration trends are not statistically robust.

Temporal Trends in Duration (hours) of Tropical Cyclones Across Bay of Bengal (1982-2024)

Domains Bangladesh Direct Coastal Impact Zone == Bangladesh Near-Coastal Impact Zone Bay of Bengal Basin Genesis

y =-36.82 + 0.0863x
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Fig. 3.6 Scatter plot of individual cyclone events showing total duration over time (1982-2024)
for each domain. The linear trend lines show domain-dependent directions (slightly negative for
the 50 km zone, slightly positive for the basin), but all are statistically non-significant.
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Table 3.5 Linear trends in cyclone intensity (maximum wind) and duration (1982-2024). Slopes
represent the average annual change in knots or hours per cyclone event.

Variable Domain Slope (per year) P-value R?

BD Direct Coastal Impact Zone -0.0930 0.802 0.0019
Max Wind

BD Near-Coastal Impact Zone -0.2043 0.459 0.0092
(knots)

Bay of Bengal Basin Genesis -0.2303 0.220 0.012

BD Direct Coastal Impact Zone -0.2497 0.750 0.0030
Duration

BD Near-Coastal Impact Zone 0.0863 0.881 0.0004
(hours)

Bay of Bengal Basin Genesis 0.1775 0.719 0.001

3.4 Discussion

The present study adopts a spatially nested, data-aware analytical framework to investigate multi-
decadal (1982-2024) trends in tropical cyclone characteristics relevant to Bangladesh,
highlighting a pronounced divergence between basin-scale expectations and coastal-scale
behavior. The findings based on the modern observational era indicate that widely cited global
signals of cyclone intensification, largely inferred from pre-geostationary satellite records, do not

translate in a linear or uniform manner to the Bangladesh coastline.

The significant non-linear fluctuations detected in the near-coastal zone (400 km) underscore the
value of flexible analytical approaches for capturing multi-decadal variability. However, the
disappearance of this signal in the direct coastal zone (50 km) presents an important interpretive
challenge. Two non-mutually exclusive explanations can be considered: (1) statistical attenuation
due to a smaller sample size in the inner domain, reducing power to detect complex patterns; or
(2) genuine physical filtering whereby nearshore processes, such as bathymetric steering, enhanced
friction, or boundary layer interactions, dampen the expression of basin-scale multi-decadal
oscillations. This study cannot definitively discriminate between these mechanisms, highlighting
a critical direction for future research employing higher-resolution modeling and longer
observational records. Apart from this non-linear signal, the broader analysis reveals only slight,

statistically non-significant declines in cyclone counts and peak wind speeds at the basin-wide
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scale, consistent with century-scale records showing weak or declining frequencies over extended

observational windows (Knutson et al., 2019; Kossin et al., 2020).

The hierarchical analytical framework employed here reveals that cyclone behavior in the
immediate coastal zone (50 km buffer) is decoupled from dynamics operating in the open basin.
While the Bay of Bengal Basin Genesis domain exhibited a non-significant negative trend in
maximum wind speed (slope = -0.23 knots/year, p = 0.22), the Direct Coastal Impact Zone showed
a markedly attenuated decline (slope = -0.09 knots/year, p = 0.80). This spatial pattern, whereby
the negative tendency in intensity is numerically smaller as cyclones approach the Bangladesh
coastline, raises the possibility that nearshore processes may modulate basin-scale thermodynamic

forcing.

However, given the wide confidence intervals and overlapping uncertainty ranges (Table 3.5), this
apparent gradient should be interpreted cautiously. Formal statistical testing reveals no significant
difference between the coastal and basin slopes, indicating that the observed pattern, while
suggestive, does not constitute robust evidence of differential trends. This spatial pattern is more
appropriately interpreted through the lens of coastal ocean dynamics rather than terrestrial
feedback. The shallow, funnel-shaped continental shelf characterizing the Bangladesh coast
generates unique air-sea interaction processes that may influence cyclone intensity as storms
transit the shelf waters. Specifically, reduced ocean heat content in shallow, well-mixed shelf
waters can limit enthalpy fluxes available for intensification, while simultaneously, the concave
bathymetry may enhance wave setup and storm surge without necessarily increasing wind speeds

(Busireddy et al., 2022; Needham et al., 2015).

The persistence of severe cyclone probability in the direct coastal zone (mean =~ (0.5 events
annually) underscores a hidden dimension of risk: even in the absence of increasing frequency, the
destructive potential of landfalling cyclones remains undiminished. This finding underscores the
importance of downscaling global projections to regional coastlines. While global models project
future increases in intense cyclone proportions (Emanuel, 2005; Knutson et al., 2021), the
observational record for Bangladesh shows no detectable trend in severe landfall probability over

the past 43 years.
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Projections are for future climate states under continued warming, while observations reflect
historical variability. This apparent divergence emphasizes that global-scale signals may be
modulated or delayed at local scales by processes not fully represented in models. Such as, ENSO-
related variability complicates the TC scenario, as multi-decadal oscillations strongly modulate
Bay of Bengal cyclone activity (Chu & Murakami, 2022), producing domain-specific outcomes
that cannot be captured by basin-scale analyses alone. Taken together, these results emphasize that
adaptation planning must prioritize coastal-specific hazard assessments. Stable severe cyclone
probabilities at landfall translate into persistent national risk, demanding continued investment in
early warning systems, cyclone shelters, and embankment protection. Future work should extend
beyond wind intensity to incorporate cyclone size, forward speed, and tidal timing, enabling

multivariate assessments of coastal destructiveness.

3.5 Summary

Using a spatially nested analytical framework over the period from 1982 to 2024, this study
examines tropical cyclones affecting Bangladesh and finds no statistically significant long-term
trends in frequency, severity composition, intensity, or duration across various spatial domains.
While there are numerical differences in trend magnitudes, formal statistical testing reveals these

are not significant, highlighting the limitations imposed by sample size and natural variability.

Notably, the study identifies statistically significant non-linear variability in severe cyclone
frequency within the near-coastal zone (400 km), unlike the direct impact area (50 km). This
observation suggests that multi-decadal variability might be less pronounced as cyclones near the
coast, although it cannot definitively separate physical nearshore effects from statistical power

limitations.

Event-level analysis confirms that the likelihood of a cyclone achieving severe intensity at landfall
has no statistically detectable change over the last four decades. This corresponds to an observed
mean severe landfall rate of approximately 0.5 events per year. The absence of a detectable trend
does not imply reduced hazard; rather, it reflects the persistence of exposure to high-impact

cyclones despite the lack of evidence for systematic intensification.
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The findings indicate that, during the modern satellite era, expectations of intensification observed
globally and across basins do not translate into measurable changes in coastal cyclone
characteristics for Bangladesh. The coastal risk persists mainly due to inherent variability rather
than systemic increases, underscoring the importance of further research. Subsequent studies
should encompass cyclone size, translation speed, rainfall impacts, and interactions with storm
surge and tides, while also considering climate-mode variability such as ENSO and Indian Ocean
Dipole (IOD). This comprehensive approach is vital for disentangling natural variability from
anthropogenic influences and enhancing the understanding of coastal cyclone hazards amid

climate change.
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Chapter 4: Current Practices and

Policy Gaps
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Chapter 4: Current Practices and Policy Gaps

4.1 General

Tropical cyclones (TCs) are the most destructive weather events in coastal regions, causing
significant loss of life, property damage, agricultural losses, and communication disruptions
(Chauhan & Liou, 2022; Shamsuzoha et al., 2024; Sobel et al., 2016). Coastal regions around the
world are regularly threatened and affected by these cyclones. In contrast, an increasing number
of countries across the globe have experienced severe flooding due to cyclones, typhoons, or
hurricanes in recent years (van Genuchten, 2024). Climate variability, rapid urbanization, and
land-use changes are increasing the frequency and severity of TC-induced disasters in many

coastal countries (Islam et al., 2021).

Strong winds, heavy precipitation, and storm surges are notable destructive characteristics of
tropical cyclones (Chen & Liu, 2016; Hoque et al., 2021; Sahoo & Bhaskaran, 2018). These natural
events often cause significant casualties, widespread damage to agriculture and properties, and
disruptions to communication networks (Hoque et al., 2021;Mazumdar & Paul, 2018). On average,
90 tropical cyclones originate each year across several cyclone basins worldwide (Bakkensen &
Mendelsohn, 2019; Mansour, 2019). When vulnerable populations do not receive early warning
information in a timely and effective manner, the destructive power of cyclones is further increased

(Parvin et al., 2019).

According to the World Meteorological Organization (WMO), TC caused about 1,965 billion US
dollars' worth of global damage between 1970 and 2019 (WMO, 2020). Other findings from the
WMO Tropical Cyclone Program suggested that about 85 tropical storms form annually over the
warm tropical oceans worldwide. Among these, a little more than half (45) become tropical

cyclone/hurricane/typhoon. Out of the 85 tropical storms, 72% form in the northern hemisphere

and 28% in the southern hemisphere (WMO, 2024).

Bangladesh is bounded on the south by the Bay of Bengal, where TCs form frequently during early
summer (April to June) and the late rainy season (September to November) (Paul, 2009; Uddin et
al., 2019). The southern and southeastern peripheral regions of Bangladesh are particularly
vulnerable to TCs due to their low elevation, gentle slopes, proximity to the sea, numerous

historical cyclone tracks, susceptible land cover (including settlements and cropland), and
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inadequate socioeconomic structures (Hoque et al., 2021; Haque et al., 2024). Most of these
tropical cyclones hit the coastal areas of Bangladesh (Hoque et al., 2019). Coastal populations are
more vulnerable to disasters due to underdeveloped infrastructure and socioeconomic

marginalization (Islam & Islam, 2026).

Evacuation decisions during cyclones in Bangladesh vary across four distinct behavioral groups,
shaped by differences in risk perception, warning communication, timing, and access to safe
shelters, emphasizing the need for group-specific evacuation strategies. Evacuation decisions are
frequently influenced by communication breakdowns, power outages, and mistrust of official
communications (Parvin et al., 2019). The existing mitigation and resilience measures, such as the
construction of cyclone shelters, coastal barriers, road networks for evacuation, effective early
warning systems, and administrative capacity in these risk-prone areas, are significantly
inadequate for effective disaster risk reduction in Bangladesh (Hoque et al., 2021). Recent disaster
research has highlighted similar issues of low community preparedness and low risk literacy
(Ahsan et al., 2026). The destructive impact of tropical cyclones can be reduced through
appropriate management measures. An effective cyclone disaster management plan is designed

into four phases: response, recovery, mitigation, and preparedness (Joyce et al., 2009; Khan, 2008).

Mitigation (prevention/reduction) and preparedness are considered in the pre-disaster phase, while
the post-disaster phase is covered by response and recovery. The mitigation (prevention/reduction)
and preparedness phases comprise appropriate measures and proper planning execution that reduce
the likelihood and impact of tropical cyclone disasters (Islam & Chik, 2011; Westen et al., 2013).
Cyclone risk management is necessary to generate the information required for pre-disaster phases
in the context of cyclone vulnerability, hazard, and capacity assessment and modelling (Fang et
al., 2016; Li & Sheng, 2013; Taubenbock et al., 2008). It is increasingly recognized that enhancing
long-term adaptive capacity through inclusive, well-coordinated planning is essential (Islam et al.,

2025).

This study aims to develop a global standard for ongoing disaster management for tropical
cyclones, enabling comparison with current practices in Bangladesh. Although developing a
universal standard is challenging due to variations in socioeconomic and geographic contexts, this
research addresses this gap by systematically reviewing disaster management policies and

practices across 12 cyclone-prone countries recognized for their advanced resilience strategies.
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The review encompasses the full disaster management cycle and incorporates Bangladesh's

disaster management acts, policies, and long-term plans targeting climate-resilient development.

Despite extensive research on cyclone hazards, there remains a notable lack of comparative
analyses that synthesize global best practices and critically evaluate Bangladesh's governance
structures. Existing studies are fragmented and often limited by accessibility, language constraints,
and incomplete documentation of management initiatives. According to recent research, to ensure
locally relevant, egalitarian, and science-driven disaster management, transformative governance

reform is crucial (Islam & Islam, 2026; Islam et al., 2021).

This study contributes the first comprehensive, systematic comparison of tropical cyclone disaster
management approaches between global leaders and Bangladesh. It establishes a standardized
evaluation framework, identifies key governance and implementation gaps, particularly in
institutional coordination, local empowerment, early warning integration, and evidence-based
planning, and provides actionable recommendations to strengthen national resilience in the face of

future climate change impacts.

4.2 Methodology and Materials

This study employed a systematic review of relevant literature to identify best global practices and
gaps in Bangladesh's regulatory framework. The study used the methods outlined in Pickering &
Byrne (2014), following the systematic flow developed by Moher et al. (2009). The materials and
systematic processing flow used in this study are explained in the following sections and presented

in Fig. 4.1.
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Fig. 4.1 Methodological Framework for reviewing global cyclone disaster management practices
and identifying gaps.

4.2.1 Document Identification

We searched for documents on cyclone disaster management in different cyclone-prone countries
from online sources, including Google Scholar, ScienceDirect, Web of Science, and Google,
between January 2021 and August 2021. A total of 107 articles were downloaded using the
keywords 'tropical cyclone,' 'typhoon', 'hurricane', 'disaster management' and combination of the
following terms, 'mitigation', preparedness', 'response’, 'recovery', 'damage and loss assessment',
'risk assessment', 'remote sensing', 'geographic information system (GIS)', 'storm surge', 'impact
assessment'.

An additional 17 articles were identified from citation lists and other sources. Of the total 124

articles, we selected 61 for this study, following the selection criteria explained in section 4.2.2.

4.2.2 Document Screening

We initially considered peer-reviewed papers on tropical cyclone disaster management, book
chapters, international and national guidelines, organizational reports, and event-based
documentation. To ensure diversity of practices, we selected 13 countries (Australia, China, Hong
Kong, India, Japan, Malaysia, South Korea, the Philippines, Taiwan, Thailand, the USA, and
Vietnam), including Bangladesh.
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4.2.3 Document Categorization and Review

The selected documents were first categorized by country of focus and by the phases of the cyclone
disaster management cycle (mitigation, preparedness, response, or recovery). However, these
phases are closely interconnected and often addressed simultaneously within the literature. Studies
were reviewed with attention to acknowledging overlaps across multiple disaster management

stages.

4.3 Global Disaster Management Practices

Effective disaster management requires learning from diverse global experiences, particularly in
regions regularly impacted by tropical cyclones, hurricanes, or typhoons. This study reviewed
existing global practices to highlight best management strategies to reduce disaster risk, protect
lives and livelihoods, and support faster recovery, while socioeconomic conditions, institutional
capacities, and geographic settings differ, many nations have adopted innovative approaches that
demonstrate how coordinated policies, resilient infrastructure, community engagement, and
technological advancement can significantly strengthen preparedness and response. Examining
these established practices provides essential insights into how cyclone-prone countries can

enhance resilience and adapt to increasing climate-related hazards.

4.3.1 Mitigation Approaches

Mitigation is commonly defined as any sustained effort to reduce a hazard's risk or the adverse
effects of a hazard by reducing the likelihood and/or the consequences of that hazard's risk (
UNISDR, 2009: Coppola, 2011). Mitigation measures encompass engineering techniques and
hazard-resistant construction as well as improved environmental policies and public awareness
(UNISDR, 2009). The mitigation measures are grouped into two primary categories: structural and

nonstructural.

4.3.1.1 Structural and Nonstructural Measures
Structural mitigation reduces cyclone risk through engineered modifications to the physical

environment, while non-structural mitigation addresses risk by changing human behavior and
natural processes without relying on engineered structures (Coppola, 2011). Table 4.1 summarizes
key disaster risk reduction strategies adopted in cyclone-prone countries, grouping them into

structural measures, non-structural measures, and preparedness planning tools. Structural
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strategies focus on reducing direct hazard exposure through resilient infrastructure, whereas non-

structural approaches target vulnerability reduction through policy, awareness, and institutional

mechanisms. Preparedness measures complement both by strengthening planning and logistics for

effective emergency response.

Table 4.1 Structural and Non-Structural Mitigation and Preparedness Measures for Cyclone Risk

Reduction.
Category  Measure Description References
Structural ~ Cyclone-resilient Multipurpose cyclone shelters (schools/community NDMA (2017)
shelters halls) ensure regular use, maintenance, and
community benefits; practiced in Andhra Pradesh
Coastal afforestation Coastal shelterbelts and forest regeneration under MoEFCC (2019)
National Afforestation Plans to reduce storm-surge
impacts
Coastal embankments Levees, dunes, floodwalls, and elevation standards ~FEMA (2010);
and barriers widely used in the USA; saline embankments in Srivastava &
India remain vulnerable to intense cyclones Kanji, 2020
Infrastructure Strengthening load paths, roofs, and connections; FEMA (2010)
reinforcement sloped roofs reduce wind pressure and improve
load transfer
Drainage improvement  Coastal canal systems prioritized over roads in NDMA (2009)
systems deltaic regions where bridge and road construction
is difficult
Strengthening critical Improved monitoring and warning systems under Lixin et al., (2012)
facilities national disaster-mitigation programs
Communication & Towers designed for wind speeds 1.3x code values; NDMA (2017)
transmission tower deeper foundations and galvanized steel to resist
protection corrosion
Flood-proofing and Wet/dry floodproofing, structure elevation or FEMA (2010);
retention systems relocation, and flood barriers to address cyclone- Ayanian (2020)
induced flooding
Non- Risk and damage Integrated situational awareness, predictive risk Department of
structural assessment systems analysis, and information dissemination Home Affairs

(2018)

Public awareness and

education

Disaster education, early warning systems, public

reporting, camps, and awareness programs

Yi et al. (2009)
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Risk analysis Multi-hazard engineering approaches for flood Yi et al. (2009)

mapping, dam safety, and hurricane programs

Risk transfer, sharing, Dyke maintenance, live-with-flood strategies, and CEDMHA (2018)

and spreading seasonal crop adjustments

Community-based Integration of disaster mitigation with CEDMHA (2020);

disaster risk mitigation  socioeconomic development and participatory Yi et al. (2009)
planning

Hazard Mitigation Grants for long-term hazard mitigation and FEMA (2021)

Grant Program resilient rebuilding by governments

4.3.1.2 Regulatory Measures

China has positioned disaster mitigation as a core pillar of national sustainable development,
formalized through the promulgation of the PRC Disaster Mitigation Plan (1998-2010), which set
strategic guidelines and emphasized integrating disaster risk reduction into economic development
planning (Gao et al., 2009). Consistent with international guidance, regulatory frameworks should
incorporate safeguards for development sites and downstream areas to reduce development-
induced disaster risks (UNISDR, 2008). In Korea, the Disaster Impact Assessment (DIA) system
provides a comprehensive regulatory tool that addresses hazards such as cyclones and storm surges
by assessing vulnerabilities of people, assets, and geographic settings, while also accounting for
adaptive capacity, including socioeconomic and governmental dimensions, thereby aligning
disaster risk reduction with sustainable development objectives (Kang et al., 2018). Legal
foundations are critical for effective disaster governance; accordingly, China has prioritized a
robust disaster-management legal framework, including dedicated legislation on meteorological

disasters and marine disasters to strengthen typhoon risk management (Wang et al., 2007).

4.3.2 Preparedness
UNISDR defines preparedness as the knowledge and capacities developed by governments,

professional response and recovery organizations, communities, and individuals to anticipate,
respond to, and recover effectively from the impacts of likely, imminent, or current hazard events
or conditions (UNISDR, 2009). The range of activities that constitute the preparedness component
of the comprehensive emergency management cycle is expansive, and these actions are often the

primary factors in determining whether response actions are successful. The Table 4.2 sections
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present an overview of disaster preparedness. This Table presents a structured synthesis of

preparedness measures adopted across cyclone-prone countries, highlighting planning, training,

coordination, technology use, early-warning development, and statutory mechanisms.

Table 4.2 Preparedness Components and Key Institutional Practices for Effective Cyclone
Disaster Management.

Domain Measure Description References
Planning Contingency Institutional contingency frameworks and ESU (2019); AGDoHA

planning whole-of-government crisis coordination (2017)

systems support national decision-making

during disasters
Preparedness National preparedness guidelines synchronize Yi et al. (2009)
guidelines and organize disaster readiness across agencies
Emergency Emphasis on household safety, continuity of CDC (2020, 2018)
response communication, and preparedness for multiple
planning emergency scenarios
Logistics Pre-disaster storage of long-shelf-life food and  CDC (2019)
planning water for people and pets

Protection in

National humanitarian protection frameworks

AusAID (2013)

humanitarian guide disaster management policies through
action multi-stakeholder coordination
Volunteer Trained volunteer networks play a central role BDRCS (2020);
management in cyclone preparedness and response; flagship ~ McLennan & Birch
models replicated globally (2005); NDMA (2017)
Record keeping ~ Operational Terrain Mapping and centralized Yi et al. (2009)
and reporting data systems support contingency planning
across agencies
Financial Disaster relief and recovery arrangements AGDoHA (2017)
management reduce subnational financial burdens and
and enable rapid assistance
reimbursement
Legal liabilities =~ Humanitarian action policies provide strategic =~ AusAID (2011)
and protections  legal guidance for effective disaster response
Inter- Humanitarian partnership agreements Department of Foreign
organizational strengthen coordination and funding Affairs and Trade (DFAT,
coordination mechanisms among government and NGOs 2019)
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Exercise

Disaster drills

and exercises

Regular national disaster reduction drills

institutionalize preparedness practices

Disaster Management

Authority (DMA, 2011)

Evacuation Digital evacuation maps with ingress/egress Peters & McEntire (2010)
mapping routes improve evacuation efficiency and
responder access

Advanced DEM, remote sensing, and spatial data support ~ Fang et al. (2016); Frazier

tabletop storm surge modeling; most models remain et al. (2010); Jakobsen et

preparedness regional, with limited local-scale applications al. (2006); Lewis et al.
(2013, 2014); Ozcelik et
al. (2012); Puotinen
(2007); Ward et al. (2011)

Early warning  Cyclone Integrated meteorological monitoring, online Aung & Clerk (2013);

tracking and

coordination platforms, and satellite backups

forecasting enable early warnings
Information Reliable communication systems (VHF, NDMA (2017); WMO
management integrated radio networks) are critical for (2005)

effective early warning dissemination

Investment in

National emergency warning systems enhance

warning public alerts and post-disaster survivor
systems identification
Public Public guidance on warnings, preparedness CDC (2020)
education actions, and emergency behavior reduces
cyclone impacts
Statutory Institutional National strategies emphasize leadership, CEDMHA (2017, 2018,
authority mandates logistics, and coordination; meteorological and ~ 2020); Lixin et al. (2012)

emergency agencies lead preparedness and

response

4.3.3 Response

Response is the provision of emergency services and public assistance during or immediately after

a disaster to save lives, reduce health impacts, ensure public safety, and meet the basic needs of

affected people. Disaster response is primarily focused on immediate, short-term needs and is

sometimes called ‘disaster relief’. Generally, it is one of the primary responsibilities of the affected

state (UNISDR, 2009). During the response, unnecessary delay directly translates to tragedy and

destruction (Coppola, 2011). Table 4.3 provides a structured overview of global response practices
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applied before and after cyclone landfall, illustrating how different countries operationalize early

warning dissemination, evacuation management, resource prepositioning, and the rapid

mobilization of emergency services.

Table 4.3 Pre-Disaster and Post-Disaster Response Measures Implemented Across Cyclone-Prone

Countries.
Phase Response Description References
Component
Pre- Warning and Timely and reliable warning dissemination and Yi et al. (2009)

disaster ~ evacuation evacuation reduce casualties and asset loss;
effectiveness depends on authority responsiveness,
community cooperation, and credibility of warnings
Web-based Web-based platforms provide real-time evacuation
evacuation decision guidance and hazard information for emergency
support managers
Pre-positioning of Early warnings enable advance transport of relief Commonwealth of
resources and supplies, reducing delays and risks; portable disaster ~ Australia and
supplies kits support rapid deployment Republic of Indonesia
(2015)
Post- Search and rescue Search and rescue operations involve locating, CEDMHA (2017);
disaster extracting, and providing immediate medical Coppola (2006);
assistance to victims
First-aid and On-site medical stabilization and deployment of ESU (2019)

emergency medical

treatment

mobile medical teams when hospital capacity is

exceeded

Provision of water,

food, and shelter

Delivery of essential supplies and temporary shelter

when normal supply chains are disrupted

Department of Home

Affairs (2018)

Rapid disaster
damage and needs

assessment

Rapid assessments inform decision-makers on
impacts and needs to ensure timely and appropriate

support

Department of Home

Affairs (2018)
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Rapid needs

assessment tools

Standardized rapid assessment tools (e.g., CASPER)
identify community health and relief needs within

72 hours

Bayleyegn et al.
(2015)

Logistics and supply

chain management

Establishment of emergency supply chains for

essential services, materials, and utilities

Department of Home

Affairs (2018)

Volunteer

management

Mobilization and coordination of trained and

spontaneous volunteers during response operations

Chan (2012)

Incident command

and coordination

Centralized incident command systems define
leadership, division of responsibilities, and

operational coordination

Peters & McEntire
(2010)

Government inter-

agency coordination

Rapid coordination among government and private
actors supports recovery financing and long-term

disaster risk management

Chan (2012)

National disaster

management

Unified leadership with graded response systems

balance central oversight and local implementation

Lixin et al. (2012)

operations

4.3.4 Recovery

Even with the best mitigation and preparedness initiatives, there will almost always be some level
of property damage, disruption of social and economic systems, and casualties. Thus, a recovery
stage is inevitable. UNISDR defines recovery as the restoration and improvement of facilities and
living conditions of disaster-affected communities, including efforts to reduce disaster risk factors.
The recovery task of rehabilitation and reconstruction begins soon after the emergency phase has
ended. Recovery programs offer a valuable opportunity to develop and implement disaster risk

reduction measures and to apply the ‘build back better’ principle (UNISDR, 2009).

Recovery can be divided into two distinct phases, each with very different activities: short-term
and long-term. Table 4.4 demonstrates short term and long-term recovery global practices. The
short-term recovery phase immediately follows the hazard event, beginning while emergency
response operations are ongoing. Long-term recovery does not begin in earnest until after the

emergency phase of the disaster has ended.
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Table 4.4 Short-term and long-term recovery global practices.

Recovery Recovery Concise Description References
Phase Component
Short-term Temporary reliefand  Provision of food, blankets, and essential items ESU (2019)
early rehabilitation through designated emergency relief teams
Restoration of Rapid restoration of utilities, transport, and Department of Home
critical infrastructure  services to support response and recovery; Affairs (2018);
integration of cost-effective resilience measures NDMA (2017);
and continuity strategies World Bank (2014)
Early debris Priority-based clearance of road blockages to ESU (2019)
clearance enable traffic flow and emergency access
Long-term Joint damage and Initial and joint preliminary damage FEMA (2021)

needs assessment

assessments quantify impacts and unmet needs

to guide recovery planning

Strategic recovery

planning

National and local recovery funds support
property reconstruction, implemented directly

or via subsidized local authorities

Yi et al. (2009)

Restoration of basic

Undergrounding or relocation of utility lines to

World Bank (2014)

services reduce future typhoon damage and enhance
service reliability
Infrastructure Repair and reconstruction of housing, utilities, =~ Department of Home

reconstruction and

development

and services to stabilize affected and non-
affected areas and restore business-as-usual

activities

Affairs (2018)

Post-disaster
reconstruction and
resettlement (case:

Taiwan)

Legal frameworks and NGO partnerships
accelerated permanent housing; resettlement
raised challenges of community integration and

cultural preservation

Wang et al. (2015)

Economic recovery

and development

Policy incentives, livelihood support, and land
access to restore economic activity and

sustainability

Department of Home
Affairs (2018); Xuan
(2005); Chan (2012)

Business continuity

and supply chains

Contingency planning and alternative sourcing
strengthen supply-chain resilience during

recovery

Chan (2012); Yi et
al. (2009)
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Flood insurance Insurance-based recovery incentives linked to FEMA (2010)
policy compliance with updated building codes and

land-use regulations

Strengthening Coordinated planning, local leadership Australian
institutional capacity =~ empowerment, and capacity-building Emergency
investments enhance recovery governance Management

Committee (2011);
Department of Home

Affairs (2018)

Building back better ~ Recovery and reconstruction integrate Xuan (2005)
improved protective measures through
government-supported, household-led

rebuilding

4.3.4.1 Cross-cutting Issues of Recovery

Recovery involves more than rebuilding physical structures; it also encompasses the social,
institutional, and equity considerations that shape communities' long-term ability to recover and
adapt. Addressing these cross-cutting concerns is essential to ensure that recovery efforts are
inclusive, sustainable, and responsive to local priorities. Such issues highlight the need to
strengthen community participation, safeguard vulnerable populations, and establish governance

mechanisms that guarantee fair access to recovery support.

Empowering individuals and communities: A central, cross-cutting priority in post-disaster
recovery is empowering affected populations. The Community-Based Disaster Risk Management
(CBDRM) approach is to reduce vulnerabilities and strengthen people's capacity to cope with
disaster risk. CBDRM has been applied in disaster-prone areas. Thailand, through the Department
of Disaster Prevention and Mitigation (DDPM), has cooperated with local agencies to raise

awareness among the public about the advantages of the CBDRM approach.

Protection of vulnerable people: The Australian Home Affairs department aims to provide
assistance that helps people achieve adequate functioning after an emergency event (Department

of Home Affairs, 2018).
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4.4 Governance Framework: Acts, Policies, and Plans for Disaster

Management in Bangladesh

Effective disaster governance is crucial to resilience, particularly in Bangladesh, which faces
frequent hazards, such as tropical cyclones. A robust governance framework, including legislation,
policies, and coordination mechanisms, is vital for reducing risk and enhancing preparedness.
Bangladesh has made progress in disaster management, shifting towards proactive risk reduction,
yet significant gaps remain in the execution and coordination of disaster risk reduction (DRR)
within national development. After assessing the legislative and institutional landscape, its
effectiveness relative to international standards, the ongoing governance challenges are

highlighted that hinder disaster management progress.

4.4.1 Present Legislative and Policy Instruments

The Government of Bangladesh has established an extensive Disaster Risk Management (DRM)
architecture comprising policies, plans, and legal instruments, including the National Adaptation
Programme of Action (NAPA, 2005), Standing Orders on Disaster (SOD, 2010; revised 2019), the
Disaster Management Act (2012), the National Disaster Management Policy (NDMP, 2015), and
the National Plan for Disaster Management (NPDM) 2021-2025 (Chisty et al., 2022; Shaw et al.,
2013). In 2024, the National Early Action Protocol (N-EAP) for monsoon floods and cyclones was
adopted (GoB, 2024; Zevenbergen et al,. 2018). The Bangladesh Delta Plan (BDP) 2100, which
offers a long-term development strategy and divides the nation into six hydrological ‘hotspots’ to
direct risk-informed planning in areas vulnerable to disasters, is in line with these tools
(Arfanuzzaman, 2024). However, global evidence suggests that such long-term strategic
frameworks often outpace local operational capacity, a persistent challenge in Bangladesh and

other hazard-prone countries (Fernandez & Ahmed, 2019).

Historically, Bangladesh's disaster management policy evolved through a predominantly reactive
phase, emphasizing relief, response, and structural mitigation during the colonial, Pakistan, and
early post-independence periods (Barua et al., 2024; Haque et al., 2024). Policy shifts in the 1970s
and 1980s were driven by large-scale infrastructure projects and repeated extreme events,
including floods, famines, and cyclones (Younus, 2014). This gradual transition from relief-
oriented approaches toward risk reduction mirrors trajectories observed in other developing

countries such as Vietnam, China, and the Philippines (Mannan et al., 2021).
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Despite a robust policy framework, implementation remains uneven. Empirical studies attribute
weak enforcement to infrequent committee meetings, bureaucratic inertia, corruption, limited data
availability, and resource constraints (Barua, 2022). Although the Disaster Management Act
(2012) introduced progressive provisions, gaps persist in financial accountability, grievance
mechanisms, and urban disaster management guidelines (Haque et al., 2017). Similarly, while the
SOD clearly defines institutional roles across government agencies, NGOs, and communities, it
insufficiently addresses stakeholder accountability (Nasreen, 2017). Weak monitoring and
coordination, exemplified by irregular meetings of the National Coordination Committee, further
undermine oversight and effectiveness (Uddin et al., 2022), a pattern common in cyclone-prone

developing countries, specifically the cyclone shelters (Akon & Mia, 2024).

Effective disaster management in Bangladesh is further constrained by fragmented coordination
among national, district, and local actors, communication gaps, limited preparedness planning, and
inadequate institutional autonomy and capacity (Islam & Islam, 2026; Ogra et al., 2021). These
challenges are consistent with global findings that centralized governance structures often struggle

with multilevel coordination (Fernandez & Ahmed, 2019).

Institutionally, Bangladesh maintains a two-tier disaster management structure at national and
local levels. Under the NPDM 2021-2025, Ward-level Disaster Management Committees
(WDMCs) have been introduced to strengthen community-based disaster risk reduction (NPDM,
2020). While this represents progress toward localization, studies report persistent shortcomings
in cyclone shelter management, local committee functionality, and evacuation coordination due to

poor maintenance, uneven staffing, and weak inter-agency collaboration (Akon & Mia, 2024).

Finally, scholars highlight that Bangladeshi disaster governance often prioritizes national networks
over local connectedness, limiting community ownership and effectiveness (Islam & Walkerden,
2017). Implementation is further hampered by public misconceptions, weak leadership, financial
mismanagement, skills shortages, and rapid urbanization pressures (Ahmed et al., 2015; Rahman
etal., 2021; UNDRR, 2020). Together, these factors indicate that while Bangladesh has developed
a comprehensive legislative and policy framework, strengthening institutional accountability,
coordination, and local capacity remains critical for translating policy intent into effective disaster

risk reduction outcomes.
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Fig. 4.2 Institutional Framework for Disaster Management in Bangladesh; Adopted from Uddin et
al. (2022) and UNDRR (2020).

4.4.2 Gaps and Divergences from International Best Practices

Despite considerable progress in building Disaster Management (DM) policies, institutions, and
frameworks, several gaps persist when Bangladesh's current practices are assessed against
established international standards. These shortcomings appear across early warning, preparation,
community participation, governance, coordination, policy execution, and recovery planning. The
following subsections outline these divergences in a structured manner, highlighting where

Bangladesh's system departs from global best practice.

4.4.2.1 Inadequate Policy Execution and Institutional Accountability

Bangladesh has established a comprehensive policy foundation, including the Disaster
Management Act (2012), Standing Orders on Disaster (SOD 2010a, 2019b), and the NPDM 2021—
2025, yet implementation remains inconsistent. Disaster management committees frequently meet
irregularly, suffer from bureaucratic delays, and lack effective accountability mechanisms (Haque
etal., 2017; Uddin et al., 2022). This implementation deficit creates a systemic bottleneck that also
limits progress in other domains of disaster governance. For instance, weak accountability
structures reduce the effectiveness of local-level engagement, contributing to the issues discussed

in the next subsection.

52



4.4.2.2 Local-Level Empowerment Gaps

Internationally, strong community participation and decentralized governance are recognized as
essential to effective DM, as demonstrated in Vietnam and Thailand (Yi et al., 2009). In
Bangladesh, however, local institutions, such as UDMCs and WDMCs often lack autonomy,
financial capacity, and trained personnel (Abdeen et al., 2021; Rahman et al., 2021). This limited
empowerment not only hampers local decision-making but also exacerbates coordination and

communication barriers, issues further explored in the subsequent subsection.

4.4.2.3 Limited Institutional Coordination and Communication Gaps

Effective disaster governance requires clear role distribution and seamless information flow. While
best-practice countries maintain integrated systems, such as China's unified command structure
(Lixin et al., 2012) and Australia's EMA chain of command, Bangladesh faces overlapping
mandates, fragmented responsibilities, and weak inter-agency communication (Islam et al., 2020;

Ogra et al., 2021).

These coordination gaps undermine not only operational responses but also the quality of
preparedness and early warning dissemination. As it will be discussed next, limitations in early

warning integration further weaken timely and effective disaster response.

4.4.2.4 Lack in Preparedness Planning and Early Warning Integration

Countries, such as Japan, Australia, and Hong Kong employ sophisticated early warning systems
that include digital evacuation mapping, standardized training, and multi-channel communication
(AGDoHA, 2017; ESU, 2019; Peters & McEntire, 2010). In Bangladesh, however, challenges
persist in disseminating warnings to remote areas, integrating multi-hazard information, and
translating technical messages into formats that are locally comprehensible (Nasreen, 2017). These
preparedness shortcomings are closely linked with broader systemic issues in data availability and

risk analytics, which form the basis of the following subsection.

4.4.2.5 Challenges in Disaster Data Collection, Monitoring, and Evidence-Led Planning

Global best practices show that robust data ecosystems, supported by geospatial analysis,

predictive modelling, and multi-hazard mapping, are essential for informed decision-making, as
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exemplified by the U.S. HURREVAC system and Australia's national hazard-mapping tools
(Department of Home Affairs, 2018). In Bangladesh, persistent data gaps, limited accessibility,
and weak analytical capacity (Barua, 2022; Haque et al., 2024) hinder proactive planning. These
limitations also weaken long-term recovery efforts, an area where Bangladesh diverges

substantially from international norms, as discussed below.

4.4.2.6 Long-Term Recovery Challenges and Poor Alignment with ‘Build Back Better’ Principles

Best-practice countries institutionalize recovery frameworks through dedicated legislation and
reconstruction funds, as in Japan and Taiwan (Yi et al., 2009). Bangladesh's recovery processes,
however, are constrained by limited financial resources, poor inter-ministerial coordination,
reconstruction delays, and the absence of systematic evaluation mechanisms (Ahmed et al., 2015;
Ahmed et al., 2016; UNDRR, 2020). These deficiencies also contribute to inadequate integration
of disaster risk reduction (DRR) principles into broader national development processes, which is

addressed in the final subsection.

4.4.2.7 Insufficient Institutionalization of DRR in Bangladesh's Development Planning

Countries like Vietnam and China embed DRR considerations into socioeconomic development,
land-use planning, and infrastructure design (CEDMHA, 2018; Xuan, 2005). Although
Bangladesh's Delta Plan 2100 and NPDM aim to promote such integration, implementation
remains inconsistent due to limited technical capacity and challenges with inter-agency
coordination (General Economics Division, 2018; UNDRR, 2020). This underscores the
overarching need for a whole-of-government approach to risk governance, aligning national

development strategies more closely with global DRR standards.

4.5 Summary

This study identifies effective tropical cyclone Disaster Risk Reduction (DRR) initiatives by
synthesizing international best practices and critically reviewing Bangladesh's existing legal,
policy, and institutional frameworks. The disaster management cycle is structured into four phases,
mitigation, preparedness, response, and recovery, to assess how structural and non-structural

measures, planning, coordination, and emergency actions are implemented across developed and
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developing country contexts. Comparative analysis and selected case studies are used to illustrate

planning processes, operational implementation, and post-event feedback.

While Bangladesh has achieved notable progress, particularly in reducing cyclone-related fatalities
and strengthening evacuation systems, it has yet to attain model status in comprehensive disaster
management. The analysis reviews key national instruments and practices, including the Standing
Orders on Disaster (SOD), the National Plan for Disaster Management, the Bangladesh Delta Plan
2100, the mainstreaming of DRR and the SDGs into Five-Year and Annual Development Plans,
and cyclone shelter construction, maintenance, and management policies. Owing to gaps in the
peer-reviewed literature, the study also draws on government and organizational reports as needed.
Overall, the study proposes a standardized, phase-wise framework for evaluating national disaster
management capacity, grounded in outputs and contextual relevance for tropical cyclones. This
framework is adaptable to other hazards by disaggregating activities across the core phases of

disaster management.
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Chapter 5: Developing Disaster Demand Matrix (DDM)

5.1 General

Coastal regions around the world are regularly threatened and affected by Tropical Cyclones (TCs)
or Hurricanes whereas more and more countries across the globe have experienced severe flooding
due to the phenomena in recent years (van Genuchten, 2024). Strong winds, heavy precipitations,
and storm surges are notable destructive characteristics of tropical cyclones (Chen & Liu, 2016;
Hoque et al., 2021; Sahoo & Bhaskaran, 2018). According to the report of the World
Meteorological Organization (WMO), TC caused about 1,965 billion US dollars’ worth of global
damages between 1970 and 2019 (WMO, 2020). A recent study by Garner et al. (2024) suggested
that tropical cyclones are significantly changing the trajectories in recent decades, with more
intense and longer-lasting cyclones in the Bay of Bengal, leading to increased hazard impacts for

the coastal communities (Garner et al., 2024).

The southern and southeastern peripheral regions of Bangladesh are particularly vulnerable to TCs
due to their low elevation, gentle slopes, proximity to the sea, numerous historical cyclone tracks,
susceptible land cover (including settlements and cropland), and inadequate socio-economic
structures (Hoque et al., 2021; Haque et al., 2024). The existing mitigation and resilient measures,
such as construction of cyclone shelters, coastal barriers, road networks for evacuation, effective
early warning systems, and administrative capacity in these risk-prone areas are significantly

inadequate for effective Disaster Risk Reduction (DRR) for Bangladesh (Hoque et al., 2021).

It has been suggested that DRR may only truly be achieved by understanding and addressing
processes of Disaster Risk Creation (DRC) (Alexander, 2016). Although Bangladesh is considered
a highly tropical cyclone-prone country, the studies related to tropical cyclone vulnerability
assessment are very limited. The integration of functional disaster management and mitigation
methods offers the potential to significantly mitigate the harmful effects of TCs (Bloemendaal et
al., 2020; Matthews et al., 2019). A thorough risk assessment is crucial for developing effective
mitigation measures (Das et al., 2024; Gopinath, 2010; Jaman et al., 2021). The vulnerability of a
community depends on factors such as exposure, hazard, and existing mitigation and preparedness

capacities (Pattnaik, 2019).
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Siloed development and DRR policy-making and departmental responsibilities can result in
government and private sector development activities that are insensitive to the risks they produce
(Lizarralde et al., 2020; Poudel et al., 2023; Raikes et al., 2022). Prioritization and effective
allocation of resources based on the assessment of the importance of the parameters helps in
decision-making and allocation of resources (Brennan & Flint, 2007; Das et al., 2024; Ruangpan
et al., 2020). Assessing the importance of these parameters provides insights into potential risks
and uncertainties and helps decision-makers make sound decisions (Das et al., 2024; Sakizadeh et

al., 2019).

Ensuring sustainable development, disaster management approaches should be effective for any
disaster-prone country like Bangladesh (Sabur, 2012). Though Bangladesh could minimize the
casualties in few phenomena, there remain significant challenges to implement disaster
management activities in a coordinated and accurate way (Khan, 2008). For example, in case of
tropical cyclone, lack of impact-based early warning system and shortcomings in evacuation and
shelter management remain fragile in Bangladesh (Hoque et al., 2021). As a result, coastal
communities still lose their assets and the long-term effects of cyclones also threat on livelihood
of the exposed region. In these circumstances, there is a pressing need of an effective and feasible

action matrix for comprehensively managing the catastrophic impacts of cyclones.

5.2 Methods

This study is divided into two segments. The first one is developing Disaster Demand Matrix
(DDM) with Likert Scale for nine major disaster management activities, considering their 43 sub-
activities. These nine major activities and associated activities are identified through a systematic
literature review. Then next chapter illustrates the prioritization process of the disaster

management sub-activities by applying the Fuzzy ANP method.

5.3 Data Collection and Validation

The acquired data was collected into two phases. A total of 60 respondents, practitioners and
academician expert in tropical cyclone disaster management or relevant fields, have responded in
this study while we contacted 200 practitioners. Firstly, nine major activities and 43 sub-activities
of disaster management were identified through extensive literature review and discussion with

disaster management specialists from academic, government and non-government organizations
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in the context of Bangladesh. The 43 identified sub-activities were validated using a questionnaire
survey, in which respondents’ responses were measured on a five-point Likert scale: (1 = strongly
disagree, 2 = disagree, 3 = partially agree, 4 = agree, and 5 = strongly agree). There were 23
respondents from different fields, including academic, disaster management practitioners in the
government and non-government sectors. In this study, numerous disaster management specialists
were assigned to develop relative relevancy matrices for all potential sub-activity combinations.
Many people expressed disinterest because they found the procedure difficult and time-consuming.
There were ten respondents who evaluated the detailed pairwise comparison of the disaster
management activities. In the second phase, the nine major components have been represented in
three different matrices: the first matrix represents the ideal situation, the second matrix represents
the current situation, and the last matrix represents the action required items. Another Likert scale
(1: very poor, 2: poor, 3: average, 4: satisfactory, and 5: very satisfactory) has been used here to
measure the respondents’ assessments. In this section, we received responses from 37 experts out
of the 73 we contacted. The remaining experts were unable to participate due to their busy
schedules. In this survey, 13 coastal districts’ government disaster management focal, disaster
management department representatives, experienced academicians, and disaster management

practitioners of non-government organizations participated in these surveys.

The sub-activities were finalized based on the importance in emergency management according to
descriptive statistics of mean and relative scoring. The relative value of each sub-component was
estimated by dividing the mean component by the scale's maximum score (=5). Factors having a
relative value of 0.90 (90%) or above were considered highly significant. Furthermore, the sub-
activities have been investigated employing the coefficient of variation, which is the proportion of
standard deviation to mean. A smaller coefficient of variation implies a lower level of variability,
whereas a greater value implies higher variance. According to Yadav and Brave, while the
coefficient variance value is 0.25 or less than 0.25 for a variable, the variable has been considered
as an important factor after discussion with experts (Yadav & Barve, 2019). According to this

scale, a variable with a threshold value of below 0.25 is regarded as a significant factor.
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Table 5.1 Descriptive statistics of disaster management activities.

Major Relative Coefficient
10 Name of Sub-components Mean | SD of
Components Values Variance
Established Environmentally Sustainable Smart Cyclone
Shelter (SM1) 90.43 4.52 | 0.51 0.113
Coastal Afforestation (SM2) 93.04 4.65 | 0.57 0.123
Structural Construction of Coastal Embankment (SM3) 91.43 | 457 | 060| 0.131
Mitigation
Measures (SM) | Reconstruction/Reinforcing Critical Infrastructure (SM4) 88.70 443 | 0.73 0.164
Cl i i
(CI) Constmctlon/Renovatlon of Canals and Embankments for 92.17 461 1050 0.108
Improved Drainage (SM5)
Design and Maintenance Considerations of Communication
and Transmission Line Towers (SM6) 86.96 4.35 1065 0.149
Building Public Awareness and Education Programs (NSM1) 95.65 4.78 | 0.52 0.108
Non-structural
Mitigation Regulatory Measures (NSM2) 89.57 448 | 0.51 0.114
Measures Risk Transfer, Sharing and Spreading (NSM3) 81.74 4.09 | 1.04 0.255
(NSM) (C2)
Hazard Mitigation Grant Program (NSM4) 84.35 4.22 | 1.00 0.237
Contingency Plan (PP1) 96.52 4.83 1049 0.102
Preparedness Guidelines (PP2) 91.30 4.57 | 0.59 0.129
Emergency Response Plan (PP3) 93.91 470 | 047 0.100
Planning for Logistics Planning (PP4) 92.17 4.61 | 0.50 0.108
Preparedness Volunteer Management (PPS5) 86.09 4.30 | 0.76 0.178
(PP) (C3) Recordkeeping and Reporting (PP6) 80.00 | 400 |0.52| 0.131
Financial Management and Plan of Reimbursement for
Services and Resources (PP7) o2.17 4.61 1 0.0 0.108
?;a;gb)hshlng Coordination among different Organizations 94.78 474 | 045 0.095
Exercise for Disaster Reduction Drills and Exercises (EP1) 91.30 | 4.57 | 0.66 0.145
Preparedness ) )
(EP) (C4) Evacuation Mapping (EP2) 92.17 4.61 | 0.66 0.142
Cyclone Tracking and Forecasting (EEWSDP1) 95.65 4.78 | 0.52 0.108
Effect.lve Early Proper Information Management (EEWSDP2) 93.04 4.65 | 049 0.105
Warning System _ pe— Early Wart
Development Investment in Developing Disaster Early Warning 93.91 470 | 0.47 0.100
EEWSDP) (C5) | (EEWSDP3)
Public Education on Early Warning (EEWSDP4) 87.83 4.39 10.72 0.164
Pre-disaster Warning and Evacuation (Pre-R1) 98.26 | 491 | 0.29 0.059
Response (Pre- — ]
R) (C6) Pre-position Resources and Supplies (Pre-R2) 89.57 448 | 0.59 0.132
Search and Rescue (Post-R1) 93.04 4.65 | 0.65 0.139
First Aid Medical Treatment (Post-R2) 86.96 4.35 | 049 0.112
Post-disaster Volunteer Management for Rapid Response (Post-R3) 95.65 478 | 042 0.088
E;S(PCO%S@ (Post- | Rapid Disaster Damage and Need Assessment (Post-R4) 90.43 | 452 [059| 0.131
Provision of Water, Food and Temporary Shelter (Post-RS5) 93.91 4.70 | 0.47 0.100
Logistics and Supply Chain Management (Post-R6) 91.30 4.57 | 0.66 0.145
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Coordination (Incident Command System) (Post-R7) 96.52 4.83 1049 0.102

Sh Provision of Temporary Early Rehabilitation (STR1) 86.96 435 10.78 0.178
ort-term

Recovery (STR) Restoration of Critical Infrastructure (STR2) 86.09 4.30 | 0.82 0.191
(C8) Early Debris Clearance (but not removal or disposal) for

Road Transport (STR3) 80.00 4.00 | 0.95 0.238

Joint Damage and Needs Assessment (LTR1) 84.35 422 10.67 0.159

Strategic Planning for Recovery (LTR2) 87.83 4.39 | 0.58 0.133
Long-term Restoration of Basic Services (LTR3) 93.04 4.65 | 049 0.105
Recovery (LTR) | Infrastructure Reconstruction and Development (LTR4) 91.30 4.57 | 0.51 0.111
(©9) Economic Recovery and Development (LTRS) 91.30 4.57 10.59 0.129

Strengthening Institutional Capacities (LTR6) 89.57 4.48 | 0.59 0.132

Empowering Individuals and Communities (LTR7) 91.30 4.57 | 0.66 0.145

5.4 Data Analysis

In this study, four phases, such as mitigation, preparedness, response and recovery, were
considered in the disaster management cycle. These phases encompass nine major components,
which were further disaggregated into 43 sub-components. These nine components were
represented in three different matrices: 1) ideal situation matrix, ii) current situation matrix, and
action required matrix. Likert scale was used here to measure the respondents’ assessments and

literature review data about disaster management activities. To analyze the data, it is coded as

follows.
Ext 1
Very Poor Poor Moderate Satisfied TRy
Satisfied
1 2 3 4 5

For the ideal situation, every component of the disaster management cycle was assigned the highest
value of 5 on the Likert scale, indicating very satisfied. As the sub-components' values represented
the value of their respective major component, the sub-components of the major activities were
given the maximum value of 5 according to Likert scale. On the other hand, when considering the
existing situation for tropical cyclone in Bangladesh, the values of each major components and
sub-components were also scored from 1 to 5 in the same scale mentioned above.

The values of difference between ideal situation and existing situation represent the action required

items matrix, which shows the lack of actions for better disaster management of specific major
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components considering tropical cyclones in Bangladesh. If we consider the shorter form of major

disaster management activities!, we can find the DDM as follows:

P — P ———

SM=5 ] SM=x SM=5-x
NSM=5 NSM=y NSM=5-y
PP=5 PP=z PP=5-z
PE=5 PE=m PE=5-m
EEWS=5 EEWS=n EEWS=5-n
Pre-R=5 Pre-R=p Pre-R=5-p
Post-R=5 Post-R=q Post-R=5-q
STR=5 STR=r STR=5-r
LTR=5 LTR=s LTR=5-s
- - — — - —

Ideal Situation Existing Situation Action Required Matrix (5 1)

Fig. 5.1 Conceptual form of the disaster demand matrix.

The results obtained from the required disaster management activities will be used in the final
prioritization of disaster management sub-components, taking into account the context, overall
comprehensiveness, and the characteristics of the cyclone affecting specific coastal areas of

Bangladesh.

5.5 Results

Based on the description above, the nine major disaster management activities were assigned the
highest value (5, or very satisfactory) in an ideal situation according to the Likert scale. In contrast,
the same nine activities were evaluated in the current context by experts, including academics and
professionals from both government and non-government sectors, considering the present
circumstances in Bangladesh. Out of the 73 experts contacted, we received responses from 37,
while the remaining experts were unable to participate due to their busy schedules. These nine
major activities consist of a total of 42 sub-activities, with each sub-activity being weighted using
the Likert scale. The values for each sub-activity were averaged and then normalized to the average
values of the sub-components. Normalization means that values greater than 3.5 were considered
as 4, while values less than or equal to 3.5 (< 3.5) were considered as 3. Afterward, we averaged

the normalized values for the sub-components based on the major activities and then normalized

! Here nine major disaster management activities are represented into short format. Structural Measures =
SM, Non-structural measures = NSM, Planning for Preparedness = PP, Exercise for preparedness = PE,
Effective Early Warning System = EEWS, Pre-disaster Response = Pre-R, Post-disaster Response = Post-
R, Short-term Recovery = STR, Long-term Recovery = LTR.
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the values of the major activities again. The detailed values for the major components and sub-

components are presented in Table 5.2 below.

Table 5.2 Present situation weighted values of major disaster management activities.

Major Sub- Relative Average Relative
Disaster component sub- sub-component major
Sub-Activity Name
Management Likert component | values for Major | componen
Activities scale value value Activities t values
Established Environmentally 3.4595 3
Sustainable Smart Cyclone Shelter
Coastal Afforestation 2.8919 3
Construction of Coastal Embankment 2.3243 2
Structural Reconstruction/Reinforcing Critical 2.6486 2
Mitigation Infrastructure
Measures Construction/Renovation of Canals and 2.4595 2 25 2
Embankments for Improved Drainage
Design and Maintenance 3.2973 3
Considerations of Communication and
Transmission Line Towers
Building Public Awareness and 3.8108 4
Non-Structural }
Education Programs
Mitigation
Regulatory Measures 3.3513 3 3.33 3
Measures
Hazard Mitigation Grant Program 2.7567 3
Contingency Plan 3.4864 3
Preparedness Guidelines 3.4864 3
Emergency Response Plan 3.8648 4
Logistics Planning 2.8378 3
) Volunteer Management 4.4324 4 3.13 3
Planning for
Recordkeeping and Reporting 2.4864 2
Preparedness
Financial Management and Plan of
Reimbursement for Services and 2.7567 3
Resources
Establishing Coordination among 3.4864 3
different Organizations
Drill and Disaster Reduction Drills and 2.5675 3
Exercises Exercises 2.5 2

63




Evacuation Mapping 2.2432 2
Cyclone Tracking and Forecasting 3.6756 4
Proper Information Management 3.2162 3
Early Warning
Investment in Developing Disaster 3.0270 3
System )
Early Warning
Development
Public Education on Early Warning 3.7027 4 3.5
Pre-Disaster Warning and Evacuation 3.7838 4
Response Pre-position Resources and Supplies 2.973 3 35
Search and Rescue 3.6216 4
First Aid Medical Treatment 3 3
Volunteer Management for Rapid 3.892 4
Response
Rapid Disaster Damage and Need 3.3513 3 3.29
Post- Disaster | Assessment
Response Provision of Water, Food, And 2.892 3
Temporary Shelter
Logistics and Supply Chain 2.8378 3
Management
Coordination (Incident Command 3.3243 3
System)
Provision of Temporary Early 2.92 3
Rehabilitation
Short-term Restoration of Critical Infrastructure 3.108 3
Recovery Early Debris Clearance (but not 2.73 3 3
removal or disposal) for Road
Transport
Joint Damage and Needs Assessment 2.6756 2
Strategic Planning for Recovery 2.4864 2
Restoration of Basic Services 29189 3
Infrastructure Reconstruction and 2.4864 2 243
Long-term
Development
Recovery
Economic Recovery and Development 2.4864 2
Strengthening Institutional Capacities 2.648 3
Empowering Individuals and 3.3513 3

Communities
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From Table 5.2, the study identifies the status of cyclone disaster management activities based on
expert input. It shows that a large proportion of the major activities fall within the poor to average
range when assessed against standard conditions. In contrast, a few sub-activities of tropical
cyclone management have achieved satisfactory ratings, such as public awareness and education
programs, volunteer management, emergency response planning, cyclone tracking, and
forecasting. According to the assessment, these components perform relatively well during
emergencies, although a considerable number of sub-activities perform poorly during extreme
weather events in Bangladesh. As a result, significant shortcomings remain and need to be
addressed to ensure effective disaster management in Bangladesh and strengthen its administrative
capacity.

The study finds that structural mitigation (SM), exercises or drills for preparedness (PE), and long-
term recovery (LTR) have received a score of two (2) on the Likert scale, indicating poor
conditions for these major disaster management activities. On the other hand, non-structural
mitigation (NSM), planning for preparedness (PP), an effective early warning system (EEWS),
pre-disaster response (Pre-R), post-disaster response (Post-R), and short-term recovery (STR) have
received a score of three (3) on the Likert scale, indicating average conditions for these major

activities in managing cyclone disasters in Bangladesh.

ot — A _—

Ideal Situation

SM=5 ; SM=2 SM=3
NSM=5 NSM=3 NSM=2
PP=5 PP=3 PP=2
PE=5 PE=2 PE=3
EEWS=5 EEWS=3 EEWS=2
Pre-R=5 Pre-R=3 Pre-R=2
Post-R=5 Post-R=3 Post-R=2
STR=5 STR=3 STR=2
LTR=5 N LTR=2 LTR=3

Existing Situation

Action Required
Matrix

Fig. 5.2 Cyclone Disaster Demand Matrix (DDM) for Bangladesh.
5.6 Discussion

To address the increasing frequency and severity of tropical cyclones caused by climate change, a

robust and comprehensive approach is essential to enhance community resilience. A novel aspect
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of this study is the development of a matrix that identifies shortcomings of existing disaster
management to reduce tropical cyclone risks among the nine major activities. This study has
aggregated existing disaster management activities from 42 sub-activities in Table 5.1.
Furthermore, Figure 5.3 uses a radar chart to illustrate the disaster demand matrix, where the green
line represents the ideal scenario with optimal performance across all major and sub-activities. On
the other hand, the red line depicts the current state of cyclone disaster management in Bangladesh.
The gaps between the green and red lines highlight the areas demanding improvement to elevate

overall disaster management effectiveness.

Structural Mitigation

Measures
Non-Structural Mitigation
Long-term Recovery 4 Measures
3
Short-term Recovery. Planning for Preparedness
Post- Disaster Response Drill and Exercise
Pre-Disaster Respons arly Waming System
Development
=@==FExisting Situation e=O==]deal Situation

Fig. 5.3 The ideal situational matrix and existing situational matrix of Bangladesh, considering
tropical cyclones.

The Fig. 5.3 shows that structural mitigation measures are far below the ideal level. Experts have
rated coastal embankment construction, critical infrastructure reinforcement, and drainage
improvement poorly, while cyclone shelters and coastal afforestation have been considered
average. Overall, structural mitigation remains inadequate, underscoring the need to strengthen
embankments, reconstruct or retrofit critical infrastructure, and enhance drainage in coastal areas.
While disaster awareness initiatives in Bangladesh received satisfactory ratings among non-
structural mitigation activities, regulatory measures, and hazard mitigation grants were rated

average, resulting in an overall moderate performance for non-structural mitigation.
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One of the most crucial components of disaster management is planning for preparedness, although
this category has received an average score in this study. The sub-activity recordkeeping and
reporting has been evaluated as the lowest among the activities due to poor documentation
processes. However, significant progress has been noted in the emergency response plan and
volunteer management, and the Cyclone Preparedness Program (CPP) is recognized as an

indispensable organization for emergency management in Bangladesh.

Drill and evacuation mapping are key activities within the major criteria of drills and exercises, as
an effective evacuation system can significantly reduce casualties during catastrophic events.
However, Bangladesh remains in poor condition in this regard due to the lack of proper emergency
drills for vulnerable populations and the absence of evacuation maps for specific coastal regions.
For these reasons, the criteria of drill and exercise have been rated as poor in terms of standard

cyclone disaster management.

An effective early warning system is vital for timely evacuation and preparedness. Bangladesh has
recently improved in cyclone tracking, forecasting, and community awareness through school
curricula. But there are resource limitations and lack of investment in using advanced technologies
and effective early warning dissemination channel installation. Consequently, cyclone tracking,
forecasting, and early warning education received satisfactory scores in the assessment, while the

other components received average scores.

In the pre-disaster response category, the pre-positioning of resources and supplies in Bangladesh
remains unsatisfactory. Similarly, during the post-disaster response period, first aid medical
treatment facilities, rapid damage and loss assessment, and logistic supply chain management are
insufficient compared to the demand during cyclone disaster situations. Consequently, for both
pre-disaster and post-disaster response times, the disaster management situation in Bangladesh has

received an average score.

The study further identifies that Bangladesh is performing poorly in long-term recovery, especially
in areas such as joint detailed damage and needs assessment, strategic planning for recovery,
infrastructure reconstruction and development, and sustainable economic recovery and
development. Overall, these gaps underscore the urgent need to prioritize development to enhance

the effectiveness of the disaster management framework.
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Chapter 6: Prioritization of Disaster
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Chapter 6: Prioritization of Disaster Management Activities

6.1 General

Decision-making in real-life situations involves various criteria and can range from simple element
selection to more complex issues. To address multi-criteria unstructured problems in economics,
social sciences, and management, Thomas L. Saaty introduced a methodology in the 1970’s known
as the Analytical Hierarchy Process (AHP) (Cheng et al., 1999). This approach breaks down a
complicated multiple criteria problem that includes both qualitative and quantitative data (Ruiz-
Padillo et al., 2016) into its essential parts and arranges them in a hierarchical structure to represent
a particular perspective (Calabrese et al., 2013). The core concept of AHP theory is the functional

independence of choice criteria, their sub-criteria, and alternatives (Yiiksel & Dagdeviren, 2010).

However, decision-making issues often involve interactions among variables at different levels
(Saaty & Vargas, 2006; Saaty, 1996). Saaty (1996) recommended using the Analytical Network
Process (ANP) for problems with dependent alternatives or criteria in lieu of AHP for problems
with independent alternatives or criteria (Yiiksel & Dagdeviren, 2010). ANP, developed by
Thomas L. Saaty in 1996, incorporates feedback and interdependencies between decision parts to
expand the Analytic Hierarchy Process (AHP). Unlike AHP, ANP enables the evaluation of
complex relationships by explicitly modeling interactions, mutual influences, and feedback loops

within the decision-making framework (Zaim et al., 2014).

The ANP methodology has been widely applied by many scholars in a variety of decision-making
scenarios during the past thirty years, including studies pertaining to disasters. Wu et al. (2014)
applied ANP evaluating factors for building a model to predict landslide disasters in Taiwan,
Asadzadeh et al. (2015) created an array of parameters for earthquake resilience indicators using
an ANP model, Sun et al. (2016) developed and assessed the dimensions of flood catastrophe
resilience in China using ANP, whereas Sujatha and Sridhar (2017) employed a susceptibility map
of debris flow in Tamil Nadu, and FathiZahraei et al. (2015) proposed an ANP model for risk
reduction in a crisis scenario by adopting GIS (Asadzadeh et al., 2015; FathiZahraei et al., 2015;
Sujatha & Sridhar, 2017; Sun et al., 2016; Wu et al., 2014).

Nevertheless, ANP is limited by its inability to model the inaccuracy of collective decision-making

via pairwise comparisons (Hsu et al., 2012; Kiris, 2013). Fuzzy set theory is combined with ANP
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to resolve this ambiguity, offering a potent method for resolving a wide range of multi-criteria
decision-making issues in engineering and business (Biiyiikozkan et al., 2004). Decision-makers
like using language variables to convey their subjective assessments (Kiris, 2013), which are then
converted into triangular fuzzy numbers (TFN) for pairwise comparison. The combination of TFN
with ANP is effective in various fields. Therefore, this study adopts the FANP to solve a multi-
criteria decision-making problem for selecting comprehensive cyclone disaster management
strategies. A range of methods has been developed to address the challenges associated with fuzzy
pairwise comparison matrices (Buckley, 1985; Lee, 2010). The most often referenced approach is
Chang's extent method (Chang, 1992, 1996), according to a study of the literature by Biiyiikozkan
et al. (2004). This method is preferred due to its lower computational complexity compared to

other available methods, making it widely accepted.

6.2 Data Analysis

This research applies Chang’s extent analysis method to assess disaster management activities and
subsequently proposes a prioritized ranking of mitigation, preparedness, response, and recovery

components based on the evaluation results.

Table 6.1 Linguistic variables and their TFN conversation scale.

Linguistic scale Likert Triangular Fuzzy Triangular Fuzzy
Scale Scale reciprocal scale
Just equal 1 (1,1,1) (1,1,1)
Moderate 2 (1, 1.5,2) (0.5,0.667, 1)
Strong 3 (1.5,2,2.5) (0.4,0.5,0.667)
Very Strong 4 (2,2.5,3) (0.33,0.4,0.5)
Extremely Strong 5 (2.5,3,3.5) (0.286, 0.33,0.4)

Source: (Calabrese et al., 2013; Lee, 2010)

Steps of Fuzzy ANP Approach

Step 1: Defining the Goal

This objective of this step is to formulate the pertinent objective, criteria, sub-criteria, and/or
problem-related alternatives in a hierarchy model. These factors are found by critically analyzing
the literature and consulting experts.

Step 2: Pairwise comparison matrix construction assuming no interdependencies

70



In order to record the relative significance matrices for every feasible combination using the scale
specified in Table 6.1, K number of experts are consulted in the second phase. The paired
assessments of language are transformed to triangular fuzzy integers and organized in fuzzy
comparison matrices.

Step 3: Compute the consistency ratio of pair-comparison matrices

The definition of the consistency ratio in a pair-wise comparison matrix is ‘a ratio between the
consistency index (CI) of a given evaluation matrix and random index (RI) of a random matrix’
(Saaty, 2008). For each comparison matrix, the consistency ratio is required to be below 0.10 to
ensure acceptable consistency.

The RI values corresponding to different matrix sizes are provided below:

n 1 2 3 4 5 6 7 8 9 10
RI (Value) | 0.00 | 0.00 0.58 0.90 1.12 1.24 1.32 1.41 1.45 1.49

Nevertheless, in order to analyze the consistency exhibited by the fuzzy comparison matrices, they
need to be transformed to crisp or precise values. The following sub-steps can be utilized to create
crisp matrices that correspond to the recorded fuzzy matrices:

Step 3a: The mean fuzzy comparison matrix

The following equation may be used to derive the mean fuzzy number (lij,mij,rij) from all K

matrices (Biiylikozkan et al., 2004; Chen et al., 2015).

lij = mln(ll]k) k = 1, 2, ...... K
klk
m;; = =1 TTLijh coeeeeiie e (61)
rij = maX(Tijk) k = 1,2,,K

Step 3b: Converting the average fuzzy comparison matrix to a crisp comparison matrix
The following method is used for de-fuzzifying fuzzy numbers into crisp numbers, which is

presented below.
(@) =[AXIE+ @A =D X, (6.2)

Step 4: Calculate the local priority weights
Chang (1996) developed an extensive analytical technique for estimating a local precedence vector

from a uniform triangular fuzzy comparison matrix, which is described below.
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To calculate the relative row total for each row in the fuzzy comparison matrix A, proceed with

the following steps:

RS = Z?:ldl: (Z;l:l lij' ;leij Z;jl':lrij) i= 1, T

Secondly, normalize using the normalization formula. To address the limitations of the existing

normalization method, Wang & Elhag (2006) suggest a modified Chang's normalization formula.

s RS _ L1 lij Ljeamij Ljearmij )
YIRSy Xl Ro i pei =1k ZRevkeiZj=1™Mkj Zj= Tt R= ki L= k)
=(,m;,r) i=1,.... B T (6.4)
Thirdly, compute the degree~of possibility of si > §;
The degree of possibility of Si= (11, mi, r1) > Sz = (Io, my, 12) is defined as:
V(S;=8)= hgt (S5 n 8 )= [uNy(x), tNy OD]evvvveeeeeiiie, (6.5)
When m; > m»
V(812 82) =1 oo (6.6)
Otherwise, the ordinate of the highest intersection point is calculated as
V(5= 3)=hgt(5n8 )= ud = (mz_lf:)‘_”(jn ST (6.7)
Where d is the ordinate of the highest intersection point.
Fourthly, calculate the degree of possibility of S; over all the other (n-1) fuzzy numbers by
V(§S=8,5, . S )=minV (5= 35;), i=12......k... (6.8)
d($)=minV(§;= S) =W, k=12....,nandk #i
Based on the above procedure, the weights of the factors are
W =W, Wy o W )T e,
(6.9)
After normalization, the priority weights are as follows
W =Wy, Wy, ... ... ... W) (6.10)

Step 5: Establishing pair-comparison matrices (considering interrelationships)
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This step represents a key distinction between the ANP and the AHP. While AHP assumes
independence among elements within and across hierarchical levels, ANP explicitly models the
interdependencies and feedback relationships among variables through a network structure, with
all such relationships assessed using pairwise comparison scales.

Step 6: Aggregation of local priority weights

At this point, the cumulative weights are calculated by combining the local weights produced from
pair-wise comparison matrices that account for interrelationships with those computed under the

assumption of no interrelationships.

6.3 Result

The processes for determining the relative weights regarding the problem under assessment using
the Fuzzy ANP approach are as follows.

Step 1: The ANP model (Fig. 6.1) is designed to prioritize cyclone disaster management activities.
The identified sub-activities are organized into a structured questionnaire to obtain pairwise

comparison matrices for major activities and their associated sub-activities.

‘ Goal- Prioritization of Cyclone Disaster Management Activities |

Non-Structural Planning for Exercise/ Pre-Disaster Post-Disaster || Short term Long Term
Mitigation Preparedness Drill Response Response Recovery Recovery

Early

W O
in o | [N (][ ][ ©
olstinfiolsool = (S| & (& OO e ] e e e 0 A e e
alaafalalalel o o |@ A i T o e e o o
alalalalalalalal |l w12 =22 212 (919018181818 o
w 5 o I o B o o o o

Fig. 6.1 ANP goal of tropical cyclone disaster management activities.
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Step 2: Establishment of pairwise comparative matrices (without taking interrelationships into
account)

In this study, a number of disaster management specialists were sought out to obtain pairwise
comparison judgments for all possible combinations of major activities and their sub-components.
Ultimately, ten experts agreed to provide inputs for the relative comparisons. Based on their input,
total 135 relative matrices were recorded i.e. 10 matrices for each participant, 90 (=9x10) set of
matrices for nine major activities under nine criterions, and 45 (=9%5) matrices for disaster
management sub-activities under each major activity.

Step 3: Estimating the consistency ratio of pair-comparison matrices

According to Saaty (2008), the consistency ratio is the ratio of the consistency index (CI) of a
particular evaluation matrix to the random index (RI) of a random matrix. Each comparison
matrix's consistency ratio (CR) was estimated and determined to be less than the allowable
threshold of 0.10. To further evaluate the consistency of the fuzzy comparative matrices, it was
essential to transform these matrices into crisp values. The following sub-steps were used to obtain
the corresponding crisp matrices from the recorded fuzzy matrices:

Step 3a: The average fuzzy comparison matrix

The mean fuzzy comparative matrix was obtained by aggregating the ten individuals pairwise
comparison matrices using Eq. (6.1), and the results are presented in Table 6.12.

Step 3b: Establishment of a crips comparison matrix from the average fuzzy comparison matrix
In this study, the fuzzy numbers are de-fuzzified into crisp numbers using the method obtained
from Liou and Wang (1992) and Hus and Nian (1997), as stated in Eq. (6.2). Since the value of A
in this study is determined at 0.5, the assessments are neither too optimistic nor pessimistic. A
higher value of o reflects a more stable decision-making environment, whereas a lower value
indicates greater uncertainty. Accordingly, a is set to 0.75 to represent a relatively stable decision-
making context. The resulting crisp comparison matrix is presented in Table 6.13.

Step 4: Determination of Local Priority Weights

As outlined in the solution procedure, Chang’s extent analysis method is employed to compute the
local priority vector from the persistent triangular fuzzy comparison matrix. In order to derive the
local priority vector, the row summation for every major disaster management activity is calculated
using Eq. (6.3), followed by normalization utilizing Eq. (6.4). The degree of possibility is then
determined utilizing Eq. (6.5)-Eq. (6.7), and the degree of possibility of Si over all other (n—1)
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fuzzy numbers is computed using Eq. (6.8). Tables 6.14, 6.15, and 6.16 present the row sums,
normalized row sums, and the degree of possibility values (Si > Sj), respectively.
The degree of possibility of S; over all the other (n-1) fuzzy numbers was obtained as follows:

Min (S; > Sj) = (0.852, 0.82, 0.90, 0.765, 1.000, 0.775, 0.811, 0.747, 0.773)

Following the above steps, the weights of the disaster management activities were obtained using

Eq no. (6.9) The weights of the criteria are as follows:

W' =(0.852, 0.82, 0.90, 0.765, 1.000, 0.775, 0.811, 0.747,0.773) T
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Table 6.2 Preparedness criteria pairwise comparison matrix as evaluated by Expert 1.

C1 2 C3 4 (68 Cé6 c7 Ccs c9
c1 |1, (152,25  (L,1,1) (15,2,2.5) (4,5,.667)  (15,2,2.5) (1,1.5,2) (15,2,2.5) (15,2,2.5)
C2 | (4,05,0667)  (1,11) (4,.5,.667)  (1,15,2) (4,.5,.667)  (1,15,2) (.5,.667, 1) (1.5,2,2.5) (1.5,2,2.5)
c oL (152,25  (L,1,1) 2,2.5,3) (1.5,2,2.5) (1.5,2,2.5) (1.5,2,2.5) (1.5,2,2.5) (1.5,2,2.5)
Cc4 | (4,.5,.667) (5,.667,1)  (33,.4,.5) (1,1,1) (1,1.5,2) (1.5,2,2.5) (1,1,1) (1,1.5,2) (1,1.5,2)
Ccs | (15,2,2.5) (15,2,25)  (4,.5,.667)  (.5,.667,1) (1,1,1) (1.5,2,2.5) (1,1.5,2) (1.5,2,2.5) (1.5,2,2.5)
C6 | (4,.5,.667) (5,.667,1)  (4,.5.667) (4,5 .667) (4,5 .667) (1,11 (1.5,2,2.5) (1.5,2,2.5) (1.5,2,2.5)
Cc7 | (5,.667,1) (1,1.5,2) (4,.5,.667)  (LL1) (.5,.667, 1) (4,.5,.667) (1,11 (.5,.667, 1) (1.5,2,2.5)
Cc8 | (4,.5,.667) (4,.5,.667)  (4,.5,.667)  (5,.667,1) (4,5, .667) (4,5 .667) (1,15,2) (1,1,1) (1.5,2,2.5)
Cc9 | (4,.5,.667) (4,.5,.667)  (4,.5,.667)  (5,.667,1) (4,5, .667) (4,5 .667)  (4,.5.667) (4.5 .667)  (L,1,1)
Table 6.3 Preparedness criteria pairwise comparison matrix as evaluated by Expert 2.
C1 C2 C3 C4 Cs Cé C7 C8 c9
c1 | (1,10 (1,15,2) (4,.5,.667) (4,5, .667)  (33,.4,.5) (15,2,2.5) (4,5,.667)  (1,1.5,2) (1,15,2)
C2 | (5,.667,1) (1,1,1) (.5,.667, 1) (4,5, .667)  (33,.4,.5) (1.5,2,2.5) (1.5,2,2.5) 2,2.5,3) (1.5,2,2.5)
C3 | (1.5,2,2.5) (1,15,2) (1,1,1) (1.5,2,2.5) (1,1,1) (2,2.5,3) (1,1,1) (1,15,2) (1.5,2,2.5)
Cc4 | (1.5,2,2.5) (1.5,2,2.5) (4,.5,.667) (1,1,1) (1,1,1) (1,1.5,2) (1.5,2,2.5) (1,1.5,2) (1.5,2,2.5)
C5 | (2,25,3) (2,2.5,3) (1,1,1) (1,1,1) (1,1,1) (1.5,2,2.5) (1,15,2) (1,15,2) (1.5,2,2.5)
C6 | (4,5,.667) (4,5, 667)  (33,.4,.5) (.5, .667, 1) (4,.5,.667)  (1,1,1) (4,.5,.667)  (1.5,2,2.5) (1.5,2,2.5)
C7 | (15,2,2.5) (4,.5,.667)  (1,1,1) (4,.5,.667)  (5,.667,1) (1.5,2,2.5) (1,1,1) (1.5,2,2.5) (1,1.5,2)
C8 | (55,.667,1) (33, 4, .5) (.5, .667, 1) (.5, .667, 1) (.5,.667, 1) (4,5, .667)  (4,.5.667) (1,11 (1,1,1)
9 | (5,.667,1) (4,.5,.667)  (4,.5,.667) (4,5, .667)  (4,.5.667)  (4,.5.667)  (.5,.667,1) (1,1,1) (1,1,1)
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Table 6.4 Preparedness criteria pairwise comparison matrix as evaluated by Expert 3.

C1 C2 C3 C4 Cs Cé C7 C8 Cc9
Cc1 | (11,1 (15,2,2.5) (1,15,2) (15,2,2.5) (4,5,.667)  (1.5,2,2.5) (15,2,2.5) (15,2,2.5) (1,1,1)
C2 | (4,5,.667)  (LL1D) (1.5,2,2.5) (1,1.5,2) (4,.5,.667)  (1,15,2) (1,1,1) (1.5,2,2.5) (1,1.5,2)
C3 | (55,.667,1) (4,.5,.667) (1,11 2.5,3,3.5) (.5,.667, 1) (1.5,2,2.5) (1,1,1) (1.5,2,2.5) 2,2.5,3)
C4 | (4,5,667)  (5,.667,1) (286, .33, .4) (1,1,1) (4,.5,.667)  (1.5,2,2.5) (1,1,1) (1,1,1) (1,1.5,2)
C5 | (1.5,2,2.5) (1.5,2,2.5) (1,1.5,2) (1.5,2,2.5) (1,1,1) (33, 4,.5) (1,1.5,2) (1.5,2,2.5) (1.5,2,2.5)
C6 | (4,.5,.667)  (5,.667,1) (4,.5,.667) (4,5, .667)  (33,.4,.5) (1,1,1) (1,1.5,2) (1,1.5,2) (1.5,2,2.5)
C7 | (4,5,.667)  (LL1D) (1,1,1) (1,1,1) (.5,.667, 1) (.5,.667, 1) (1,1,1) (1,1,1) (1.5,2,2.5)
C8 | (4,.5,.667) (4,5 .667) (4.5, .667) (1,1,1) (4,.5,.667)  (.5,.667,1) (1,1,1) (1,1,1) (1.5,2,2.5)
o | (L,1,1) (.5,.667, 1) (33, 4,.5) (.5,.667, 1) (4,.5,.667)  (4,.5,.667) (4,5, .667)  (4,.5,.667)  (LL1)

Table 6.5 Preparedness criteria pairwise comparison matrix as evaluated by Expert 4.

C1 C2 C3 C4 Cs Cé C7 C8 Cc9
Cc1 | (1,1, (4,5,.667)  (15,2,2.5) (1,15,2) (4,5,.667)  (1,15,2) (.5,.667, 1) (15,2,2.5) (4,.5,.667)
C2 | (15,2,2.5) (1,1,1) 2,2.5,3) (1,1.5,2) (4,.5,.667)  (15,2,2.5) (4,.5,.667)  (15,2,2.5) (4,.5,.667)
C3 | (4,.5667)  (33,.4,.5) (1,1,1) 2,2.5,3) (4,5, .667)  (2,25,3) (4,.5,.667)  (1,15,2) (4,.5,.667)
C4 | (5,.667,1) (.5,.667, 1) (33, 4,.5) (1,1,1) (33, 4,.5) (1,1.5,2) (4,.5,.667) (4,5, ,.667) (4.5, .667)
C5 | (1.5,2,2.5) (1.5,2,2.5) (1.5,2,2.5) 2,2.5,3) (1,1,1) (1.5,2,2.5) (1,1.5,2) (1,1.5,2) (4,.5,.667)
C6 | (.5,.667,1) (4,.5,.667)  (33,.4,.5) (5,.667,1)  (4,.5,.667)  (1L1) (4,.5,.667)  (15,2,2.5) (.5,.667, 1)
C7 | (1,15,2) (1.5,2,2.5) (1.5,2,2.5) (15,2,25)  (.5,.667, 1) (1.5,2,2.5) (1,1,1) 2,2.5,3) (.5,.667, 1)
C8 | (4,.5,.667)  (4,.5,.667)  (5,.667,1) (15,2,2.5)  (.5,.667,1) (4,.5,.667)  (33,4,.5) (1,1,1) (.5,.667, 1)
9 | (1.5,2,2.5) (1.5,2,2.5) (4,5,.667) (152,25  (15,2,2.5) (1,1.5,2) (1,1.5,2) (1,1.5,2) (1,1,1)
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Table 6.6 Preparedness criteria pairwise comparison matrix as evaluated by Expert 5.

C1 C2 C3 C4 Cs Cé C7 C8 Cc9

Ccl | (1,1, (1,1,1) (.5,.667, 1) (4,.5,.667)  (.5,.667,1) (15,2,2.5) (4,5,.667)  (LL1) (1,1,1)

2 | (1,1, (1,1,1) (4,5, .667) (4,5 .667)  (4,.5,.667)  (1.5225) (1,1,1) (1,1,1) (1,1,1)

Cc3 | (1,15,2) (1.5,2,2.5) (1,1,1) (4,.5,.667)  (.5,.667,1) (4,.5,.667) (1,11 (1,1,1) (1,1,1)

C4 | (1.5,2,2.5) (1.5,2,2.5) (1.5,2,2.5) (1,1,1) (.5,.667, 1) (.5,.667, 1) (1,1,1) (1,1,1) (1,1,1)

Ccs | (1,15,2) (1.5,2,2.5) (1,1.5,2) (1,1.5,2) (1,1,1) 2,2.5,3) (1,1,1) (1,1,1) (1,1,1)

C6 | (4,5,667) (4,5 .667)  (15,2,2.5) (1,1.5,2) (33, 4,.5) (1,1,1) (4,.5,.667)  (LL1) (1,1,1)

C7 | (15,2,2.5) (1,1,1) (1,1,1) (1,1,1) (1,1,1) (1.5,2,2.5) (1,1,1) (4,5, .667)  (4,.5,.667)
C8 | (LL,1) (1,1,1) (1,1,1) (1,1,1) (1,1,1) (1,1,1) (1.5,2,2.5) (1,1,1) (1,1,1)

C9 | (LL1) (1,1,1) (1,1,1) (1,1,1) (1,1,1) (1,1,1) (1.5,2,2.5) (1,1,1) (1,1,1)

Table 6.7 Preparedness criteria pairwise comparison matrix as evaluated by Expert 6.
C1 C2 C3 C4 Cs Cé C7 C8 Cc9

C1 | (11,1 (4,5, .667)  (4,.5,.667) (.5,.667, 1) (4,.5,.667)  (5,.667,1) (33, 4,.5) (15,2,2.5) (15,2,2.5)
C2 | (15,2,2.5) (1,1,1) (286, .33, .4) (.5,.667, 1) (33, 4,.5) (.5,.667, 1) (5,.667,1)  (5,.667,1) (1.5,2,2.5)
C3 | (15,2,2.5) 2.5,3,3.5) (1,1,1) (.5,.667, 1) (.5,.667, 1) (.5,.667, 1) (1,1.5,2) (.5,.667, 1) (1.5,2,2.5)
Cc4 | (1,15,2) (1,1.5,2) (1,1.5,2) (1,1,1) (4,.5,.667)  (5,.667,1) (15,2,25)  (5,.667,1) (1,1.5,2)
C5 | (1.5,2,2.5) 2,2.5,3) (1,1.5,2) (1.5,2,2.5) (1,1,1) (4,.5,.667)  (1,1,1) (.5,.667, 1) (1.5,2,2.5)
C6 | (1,15,2) (1,1.5,2) (1,1.5,2) (1,1.5,2) (1.5,2,2.5) (1,1,1) (1,1.5,2) (4,.5,.667)  (1.5,2,2.5)
C7 | (2,25,3) (1,1.5,2) (.5,.667, 1) (4,.5,.667) (1,11 (.5,.667, 1) (1,1,1) (4,5,.667)  (1,15,2)
C8 | (4,.5,.667) (1,1.5,2) (1,1.5,2) (1,1.5,2) (1,1.5,2) (1.5,2,2.5) (152,25  (L,1,1) (1.5,2,2.5)
9 | (4,.5,.667) (4,.5,.667)  (4,.5,.667) (.5, .667, 1) (4,5, .667) (4,5 .667)  (5.667,1)  (4,.5.667)  (L,1,1)
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Table 6.8 Preparedness criteria pairwise comparison matrix as evaluated by Expert 7.

C1 C2 C3 C4 Cs Cé C7 C8 Cc9
C1 | (1,11 (15,2,2.5) (4,.5,.667) (15,2,2.5) (.5,.667, 1) (15,2,2.5) (.5,.667, 1) (15,2,2.5) (1,1,1)
C2 | (4,.5,.667) (1,1,1) (4,.5,.667) (1.5,2,2.5) (4,.5,.667) (1.5,2,2.5) (1.5,2,2.5) (4,.5,.667) (4,.5,.667)
C3 | (1.5,2,2.5) (1.5,2,2.5) (1,1,1) (1.5,2,2.5) (4,.5,.667) (1.5,2,2.5) (1,1,1) (1,1.5,2) (1.5,2,2.5)
C4 | (4,.5,.667) (4,.5,.667) (4,.5,.667) (1,1,1) (4,.5,.667) (1.5,2,2.5) (4,.5,.667) (4,.5,.667) (1.5,2,2.5)
Ccs | (1,15,2) (1.5,2,2.5) (1.5,2,2.5) (1.5,2,2.5) (1,1,1) (1.5,2,2.5) (1.5,2,2.5) (1.5,2,2.5) (1.5,2,2.5)
C6 | (4,.5,.667) (4,.5,.667) (4,.5,.667) (4,.5,.667) (4,.5,.667) (1,1,1) (1,1.5,2) (1.5,2,2.5) (1,1.5,2)
Cc7 | (1,15,2) (4,.5,.667) (1,1,1) (4,.5,.667) (4,.5,.667) (.5,.667, 1) (1,1,1) (1.5,2,2.5) (1,1.5,2)
C8 | (4,.5,.667) (1.5,2,2.5) (.5,.667, 1) (1.5,2,2.5) (4,.5,.667) (4,.5,.667) (4,.5,.667) (1,1,1) (1,1.5,2)
o | (1,1,1) (1.5,2,2.5) (4,.5,.667) (4,.5,.667) (4,.5,.667) (.5,.667, 1) (.5,.667, 1) (.5,.667, 1) (1,1,1)

Table 6.9 Preparedness criteria pairwise comparison matrix as evaluated by Expert 8.

C1 C2 C3 C4 Cs Cé C7 C8 Cc9
Cc1 | (L1,)) (1,1,1) (1,1,1) (2,2.5,3) (4, .5,.667) (1,15,2) (1,1,1) (15,2,25) (L1,
c2 | (1,1, (1,1,1) (1,1,1) (1,1.5,2) (.5,.667, 1) (1,1,1) (1,1.5,2) 25,3,35 (1,11
c3 | (1,1, (1,1,1) (1,1,1) (25,3,35)  (4,5,.667)  (1,1,1) (1,1.5,2) (1,1,1) (4,.5,.667)
C4 | (33, 4,.5) (.5,.667, 1) (286,.33,.4)  (1,1,1) (4,.5,.667) (4,5 .667) (4.5 .667)  (5,.667,1) (5, .667,1)
Cs | (1.5,2,2.5) (1,1.5,2) (1.5,2,2.5) (152,25  (LL1) (1,1,1) (.5,.667, 1) (1,1.5,2) (1,1,1)
C6 | (.5,.667, 1) (1,1,1) (1,1,1) (15,2,25) (L1, (1,1,1) (1,15,2) (1,1,1) (4,.5,.667)
c7 | (11,1 (.5,.667, 1) (.5,.667, 1) (152,25  (1,15,2) (.5,.667, 1) (1,1,1) (1,1,1) (.5,.667, 1)
C8 | (4, .5,.667) (286,.33,.4)  (L,1,1) (1,1.5,2) (.5,.667, 1) (1,1,1) (1,1,1) (1,1,1) (33, 4,.5)
9 | (11,1 (1,1,1) (1.5,2,2.5) (1,15,2) (1,1,1) (1.5,2,2.5) (1,15,2) 2,2.5,3) (1,1,1)
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Table 6.10 Preparedness criteria pairwise comparison matrix as evaluated by Expert 9.

C1 C2 C3 C4 Cs Cé C7 C8 Cc9
C1 | (1,1,1) (15,2,2.5) (4,5,.667)  (15,2,2.5) (.5,.667, 1) (15,2,2.5) (15,2,2.5) (2,2.5,3) (15,2,2.5)
C2 | (4,5,.667)  (LL1) (4,5, .667)  (1,15,2) (4,.5,.667) (1.5,2,2.5) (1.5,2,2.5) (15,2,25)  (4,.5,.667)
C3 | (15,2,2.5) (1.5,2,2.5) (1,1,1) (1.5,2,2.5) (1,1,1) 2,2.5,3) (1.5,2,2.5) (152,25  (1,1.5,2)
C4 | (4,5,.667)  (5,.667,1) (4,.5,.667)  (LL1) (286,.33,.4)  (.5,.667,1) (4,5,.667) (152,25  (4,.5,.667)
Ccs | (1,15,2) (1.5,2,2.5) (1,1,1) 2.5,3,3.5) (1,1,1) (1.5,2,2.5) (1,1.5,2) (15,2,25) (1.5,2,2.5)
C6 | (4,5, .667) (4,5 .667)  (33,.4,.5) (1,1.5,2) (4,.5,.667) (1,1,1) (4,.5,.667) (152,25 (1,152
C7 | (4,5, 667) (4,5 .667)  (4,.5.667)  (1.5225) (.5,.667, 1) (1.5,2,2.5) (1,1,1) (1,1.5,2) (1.5,2,2.5)
C8 | (33, .4,.5) (4,5, .667) (4.5 .667)  (4,.5,.667) (4.5, .667) (4,.5,.667)  (5,.667,1) (1,1,1) (4,.5,.667)
C9 | (4,5,.667)  (15,2,2.5) (.5,.667, 1) (1.5,2,2.5) (4,.5,.667) (.5,.667, 1) (4,.5,.667) (152,25  (LL1)

Table 6.11 Preparedness criteria pairwise comparison matrix as evaluated by Expert 10.

C1 C2 C3 C4 Cs Cé C7 C8 Cc9
C1 | (1,1,1) (1,1,1) (4,5, 667) (152,25 (5, .667,1) (15,2,2.5) (.5,.667, 1) (1,1,1) (1,1,1)
Cc2 | (L,1,1) (1,1,1) (.5,.667, 1) (15,2,25)  (4,.5,.667) (1,1.5,2) (1,1,1) (1,1,1) (1,1,1)
C3 | (1.5,2,2.5) (1,1.5,2) (1,1,1) (1,1.5,2) (4,5, .667)  (4,5.667)  (L,1,1) (1,1,1) (1,1,1)
C4 | (4,.5,.667) (4,.5,.667)  (5,.667,1) (1,1,1) (33, 4,.5) (4,.5,.667)  (L,1,1) (1,1,1) (1,1,1)
Ccs | (1,15,2) (1.5,2,2.5) (1.5,2,2.5) 2,2.5,3) (1,1,1) (1.5,2,2.5) (1,1.5,2) (1,1,1) (1,1,1)
C6 | (4,.5,.667) (.5,.667, 1) (1.5,2,2.5) (15,2,25)  (4,.5,.667)  (L,1,1) (4,.5,.667)  (LL1) (1,1,1)
Cc7 | (1,15,2) (1,1,1) (1,1,1) (1,1,1) (.5,.667, 1) (1.5,2,2.5) (1,1,1) (4,.5,.667) (1,1,1)
c8 | (1,11 (1,1,1) (1,1,1) (1,1,1) (1,1,1) (1,1,1) (1.5,2,2.5) (1,1,1) (4,.5,.667)
o | (1,11 (1,1,1) (1,1,1) (1,1,1) (1,1,1) (1,1,1) (1,1,1) (1.5,2,2.5) (1,1,1)
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Table 6.12 Average Fuzzy Comparison matrix for major disaster management activities.

C1 C2 C3 C4 Cs Cé C7 C8 Cc9
c1 |, (0.4, 1.22,2.5) (0.4,0.735,2.5)  (0.4,1.4,3) (0.33,0.513,1)  (0.5,1.794,2.5) (0.33,0.826,2.5) (1, 1839, 3) (0.4, 1.22,2.5)
C2 | (04,082,255  (L,1,1) (0.286,0.711,3)  (0.4,1.198,2.5) (0.33,0.455,1)  (0.5,1.61,2.5)  (0.4,1.115,2.5)  (0.4,1.507,3.5) (0.4, 1.046,2.5)
C3 | (04,1361,2.5)  (0.33,1.407,3.5)  (1,1,1) (0.4,1.826,3.5) (0.4,0.694,2.5)  (0.4,1.4,3) (0.4,1.182,2.5)  (0.5,1.38,2.5) (0.4, 1.351,3)
C4 | (0.33,0.717,2.5) (0.4,0.835,2.5) (0.286, 0.547,2.5)  (1,1,1) (0.286,0.53,2)  (0.4,1.033,2.5) (0.4,0.857,2.5)  (0.4,0.926,2.5) (0.4, 1.094,2.5)
C5 | (1, 1.949,3) (1,2.2,3) (0.4,1.442,2.5)  (0.5,1.885,3.5) (1,1,1) (0.33,1.47,3)  (0.5,1.353,2.5)  (0.5,1.489,2.5) (0.4, 1.47,2.5)
C6 | (0.4,0.558,2) (0.4, 0.622, 2) (0.33,0.714,2.5)  (0.4,0.967,2.5) (0.33,0.542,2.5) (1,1,1) (0.4,0.88,2.5)  (0.4,1.424,2.5) (0.4,1.318,2.5)
C7 | (0.4,1212,3) (0.4, 0.897, 2.5) (0.4,0.846,2.5) (0.4, 1,2.5) (0.4,0.74, 2) 0.4,1.137,2.5)  (1,1,1) (0.4,1.025,3)  (0.4,1.22,2.5)
C8 | (0.33,0.544,1)  (0.286, 0.663,2.5) (0.4, 0.725,2) (0.4,1.08,2.5)  (0.4,0.672,2) (0.4,0.703,2.5) (0.33,0.976,2.5) (1,1,1) (0.33, 0.976, 2.5)
C9 | (04,0.82,2.5)  (0.4,0.956,2.5) (0.33,0.635,2.5)  (0.4,0.914,2.5) (0.4,0.68,2.5)  (0.4,0.76,2.5) (0.4,0.82,2.5)  (0.4,1.025,3)  (1,1,1)

Table 6.13 Crisp Comparison Matrix for disaster management criteria.
C1 C2 C3 C4 C5 Cé C7 C8 Cc9

C1 | 1.000 1.278 0.914 1.475 0.551 1.721 0.973 1.879 1.278

C2 | 0.978 1.000 0.944 1.261 0.508 1.583 1.199 1.618 1.147

C3 | 1.383 1.534 1.000 1.857 0.883 1.475 1.249 1.410 1.438

C4 | 0.892 0.989 0.759 1.000 0.683 1.137 1.005 1.057 1.183

C5 | 1.962 2.150 1.444 1.914 1.000 1.519 1.390 1.492 1.465

C6 | 0.719 0.767 0.889 1.088 0.760 1.000 1.023 1.431 1.351

C7 | 1.334 1.035 0.997 1.113 0.855 1.215 1.000 1.194 1.278

C8 | 0.574 0.846 0.844 1.173 0.804 0.890 1.086 1.000 1.086

C9 | 0.978 1.080 0.830 1.048 0.873 0.933 0.978 1.194 1.000
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Determining Local Priority Weight:

Table 6.14 Row sum for each criterion.

Ijj mij Iij
RS1 4.76 10.547 20.5
RS: 4.116 9.462 21
RS; 4.23 11.601 25
RS4 3.902 7.539 20.5
RSs 5.63 14.258 23.5
RSs 4.06 8.025 20
RS~ 4.2 9.077 21.5
RSs 3.876 7.339 18.5
RSy 4.13 7.61 21.5
Table 6.15 Normalized row sum for each criterion.
Ijj mij Tij
NSC1 0.027006 0.140794 0.375156
NSC2 0.023504 0.124507 0.376425
NSC3 0.024704 0.157074 0.418943
NSC4 0.022246 0.096754 0.369356
NSCS 0.032332 0.200253 0.413922
NSCeé 0.023060 0.103638 0.364671
NSC7 0.024041 0.118838 0.382535
NSC8 0.021852 0.093946 0.345614
NSC9 0.023650 0.097755 0.382059
Table 6.16 The values of degree of possibilities.
S1>82 | 1.000 | S2>S1 | 0.955 | $3>S1 | 1.000 | S4>S1 | 0.886 | $5>S1 S6>S1 | 0.901 | S7>S1 | 0.942 | S8>S1 | 0.872 | S9>S1 | 0.892
S1>S3 | 0.956 | S2>S3 | 0.915 | S3>S2 | 1.000 | S4>S2 | 0.926 | S5>S2 S6>S2 | 0.942 | S7>S2 | 0.984 | S8>S2 | 0.913 | S9>S2 | 0.931
S1>84 | 1.000 | S2>S4 | 1.000 | $3>S4 | 1.000 | S4>S3 | 0.851 | $5>S3 S6>83 | 0.864 | S7>83 | 0.903 | $8>S3 | 0.836 | S9>S3 | 0.858
S1>85 | 0.852 | S2>S5 | 0.820 | $3>85 | 0.900 | S4>S5 | 0.765 | $5>S4 S6>84 | 1.000 | S7>S4 | 1.000 | S8>S4 | 0.991 | S9>S4 | 1.000
S1>S6 | 1.000 | S2>S6 | 1.000 | S3>S6 | 1.000 | S4>S6 | 0.981 | S5>S6 S6>S5 | 0.775 | S7>S5 | 0.811 | S8>S5 | 0.747 | S9>S5 | 0.773
S1>S7 | 1.000 | S2>S7 | 1.000 | S3>S7 | 1.000 | S4>S7 | 0.940 | S5>S7 S6>S7 | 0.957 | S7>S6 | 1.000 | S8>S6 | 0.971 | S9>S6 | 0.984
S1>S8 | 1.000 | S2>S8 | 1.000 | S3>S8 | 1.000 | S4>S8 | 1.000 | S5>S8 S6>S8 | 1.000 | S7>S8 | 1.000 | S8>S7 | 0.928 | S9>S7 | 0.944
S1>S9 | 1.000 | $2>89 | 1.000 | $3>S9 | 1.000 | S4>S9 | 0.997 | S5>S9 S6>S9 | 1.000 | S7>89 | 1.000 | S8>S9 | 0.988 | $9>88 | 1.000
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Following normalization, Eq. (6.10) was applied to compute the priority weights of the major

disaster management criteria, and the results are presented as follows:
We =(0.1145,0.1102, 0.121, 0.1028, 0.1344, 0.1041, 0.109, 0.1004, 0.1039) T

Moreover, the overall priority weights of sub-activities under each major disaster management

criterion are calculated by following Steps 1-4.
Wsm = (0.178, 0.189, 0.154, 0.184, 0.157,0.137) T
Wysm = (0.465, 0.242,0.293) T
Wrp=(0.24, 0.106, 0.191, 0.115, 0.102, 0.054, 0.045, 0.146) T
Wep = (0.458,0.542) T
Weews = (0.304, 0.276, 0.173, 0.247) T
Wrrer = (0.579, 0.421) T
Wrosi-r = (0.185, 0.147, 0.142, 0.103, 0.14, 0.122, 0.16) T
Wshort-R = (0.316, 0.392, 0.282) T

Weiong-Tr = (0.164, 0.16, 0.198, 0.07, 0.114, 0.128, 0.146) *

Step 5: Establishing pair-wise comparison matrix (hidden inter-relationship)

The underlying interrelationships among major disaster management criteria are represented as a
network structure in Fig. 6.2, and these relationships are evaluated using the pairwise comparison
scale presented in Table 6.17. Based on Fig. 6.2, interdependence matrices are constructed for C1,

C2, C3, C4, Co6, C7, C8 and C9 and their relative weights are subsequently calculated.
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Fig. 6.2 The inter-relationship between the major disaster management activities.

Table 6.17 Interdependence matrix of nine major disaster management activities.

C1 C2 C3 C4 C5 Co c7 C8 c9
Structural Measures 1 0 0 0 0 0 0 0.513 0.354
(ChH
Non-Structural 0 1 0 0.423 0 0.321 0 0 0
Measures (C2)
Planning for 0.485  0.601 1 0.577 0 0.321 0.383 0.487 0.354
Preparedness (C3)
Exercise/Drill (C4) 0 0.399 0 1 0 0 0.255 0 0
Early Warning 0.515 0 0.563 0 1 0.358 0 0 0
System Development
(C5)
Pre-disaster 0 0 0 0 0 1 0 0 0
Response (C6)
Post-disaster 0 0 0.437 0 0 0 1 0 0
Response (C7)
Short-term Recovery 0 0 0 0 0 0 0.362 1 0.292
(C8)
Long-term Recovery 0 0 0 0 0 0 0 0 1
(C9)
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Step 6: Aggregated local priority weight

The aggregate (normalized) weights of the criteria are computed using Eq. (6.10) by multiplying
the weighted matrix that incorporates interrelationships (Table 6.18) with the weights obtained
under the assumption of no interrelationships. The results of Eq. (6.10) represent the local priority
weights of the major disaster management activities while accounting for interdependencies
among criteria. As illustrated in Fig. 6.2, criterion C3 influences seven other criteria; consequently,
its local weight is higher than that of the remaining criteria in Eq. (6.10). These weights are
subsequently used to calculate the final weights of disaster management sub-components,

considering interrelationships among the 42 cyclone-related disaster management activities in

Bangladesh.

- 0.5 0 0 0 0 0 0 0.256 0.1777 710.11457 0.1017
0 0.5 0 0.212 0 0.161 0 0 0 0.1102 0.094

0.242 0301 05 0288 0 0.16 0.192 0.244 0.177 0.121 0.231
0 0.199 0 05 0 0 0.127 0 0 0.1028 0.087

0.258 0 0.282 0 1 0.179 0 0 0 |x]0.1344(=10.217)........... (6.11)
0 0 0 0 0 05 0 0 0 0.1041 0.052
0 0 0.218 0 0 0 0.5 0 0 0.109 0.081
0 0 0 0 0 0 0.181 0.5 0.146 0.1004 0.085
0 0 0 0 0 0 0 0 0.5 1 10.10394 10.052

Using the method described in Steps 5 and 6, local priority values for cyclone disaster management
tasks are calculated, taking into account connections among items in each sub-activity group.
Revised local priority values (factoring in their interconnections) for sub-tasks under each key
disaster management area appear (as detailed next):

Wam = (0.107, 0.198, 0.143, 0.207, 0.134, 0.211) T

Wsm = (0.262, 0.438, 0.301) T

Wep=(0.146, 0.069, 0.108, 0.077, 0.035, 0.017, 0.026, 0.022) T
Wep = (0.314, 0.686) T

Weews = (0.250, 0.279, 0.180, 0.200) T

Whrer = (0.704, 0.296) T

Whostr = (0.129, 0.085, 0.223, 0.131, 0.081, 0.025, 0.326) T

Wshort-R = (0.186, 0.347, 0.467) T
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Once the updated local priority weights for cyclone disaster management sub-activities within

Weong-Tr = (0.148, 0.487, 0.110, 0.039, 0.063, 0.071, 0.081) *

every major category have been derived, global weights are determined through multiplication of

those local weights against the respective weights assigned to the major disaster management

categories. The local and global weights of both sub-activities and major disaster management

activities are thus derived, and the final results are presented in Table 6.18.

Table 6.18 Ranking of disaster management activities for tropical cyclone in context of

Bangladesh.
Major Major
Local Global
Disaster Activity
Sub-Activity Name Priority | Weight | Rank
Management | Value
Weight() | (ij)
Activities (i)

Established Environmentally Sustainable Smart 0.107 0.010807 | 27

Cyclone Shelter (SM1)

Coastal Afforestation (SM2) 0.198 0.019998 19

Construction of Coastal Embankment (SM3) 0.143 0.014443 | 25
Structural Reconstruction/Reinforcing Critical 0.207 0.020907 | 18
Mitigation 0.101 Infrastructure (SM4)
Measures Construction/Renovation of Canals and 0.134 0.013534 | 26

Embankments for Improved Drainage (SM5)

Design and Maintenance considerations of 0.211 0.021311 17

Communication and Transmission Line Towers

(SM6)
Non- Building Public Awareness and Education 0.262 0.024628 | 16
Structural 0.094 Programs (NSM1)
Mitigation . Regulatory Measures (NSM2) 0.438 0.041172 5
Measures Hazard Mitigation Grant Program (NSM3) 0.301 0.028294 | 11

Contingency Plan (PP1) 0.146 0.033726 9
Planning for S

0.231 Preparedness Guidelines (PP2) 0.069 0.015939 | 22

Preparedness

Emergency Response Plan (PP3) 0.108 0.024948 | 15
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Logistics Planning (PP4) 0.077 0.017787 | 21
Volunteer Management (PP5) 0.035 0.008085 | 30
Recordkeeping and Reporting (PP6) 0.017 0.003927 | 38
Financial Management and Plan of 0.026 0.006006 | 34
Reimbursement for Services and Resources (PP7)
Establishing Coordination among different 0.022 0.005082 | 36
Organizations (PP8)
Drill and Disaster Reduction Drills and Exercises (EP1) 0.314 0.027318 12
Exercises 0-087 Evacuation Mapping (EP2) 0.686 0.059682 2
Cyclone Tracking and Forecasting (EEWSDP1) 0.25 0.05425 3
Early' Proper Information Management (EEWSDP2) 0.279 0.060543 1
z::zg 0.217 Investment in Developing Disaster Early 0.18 0.03906 7
Development Warning (EEWSDP3)
Public Education on Early Warning (EEWSDP4) 0.2 0.0434 4
Pre-Disaster Warning and Evacuation (Pre-R1) 0.704 0.036608 8
Response 0-0%2 Pre-position Resources and Supplies (Pre-R2) 0.296 0.015392 | 24
Search and Rescue (Post-R1) 0.129 0.010449 | 29
First Aid Medical Treatment (Post-R2) 0.085 0.006885 | 32
Volunteer Management for Rapid Response 0.223 0.018063 | 20
(Post-R3)
Rapid Disaster Damage and Need Assessment 0.131 0.010611 | 28
Post- Disaster 0.081 (Post-R4)
Response Provision of Water, Food and Temporary Shelter 0.081 0.006561 | 33
(Post-R5)
Logistics and Supply Chain Management (Post- 0.025 0.002025 | 42
R6)
Coordination (Incident Command System) (Post- 0.326 0.026406 | 13
R7)
Short-term Provision of Temporary Early Rehabilitation 0.186 0.01581 23
Recovery 0-085 (STR1)
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Restoration of Critical Infrastructure (STR2) 0.347 0.029495 10
Early Debris Clearance (but not removal or 0.467 0.039695 6
disposal) for Road Transport (STR3)
Joint Damage and Needs Assessment (LTR1) 0.148 0.007696 | 31
Strategic Planning for Recovery (LTR2) 0.487 0.025324 | 14
Restoration of Basic Services (LTR3) 0.11 0.00572 35
Infrastructure Reconstruction and Development 0.039 0.002028 | 41
Long-term
0.052 (LTR4)
Recovery
Economic Recovery and Development (LTRS) 0.063 0.003276 | 40
Strengthening Institutional Capacities (LTR6) 0.071 0.003692 | 39
Empowering Individuals and Communities 0.081 0.004212 | 37
(LTR7)

The assessment results, represented in Table 6.18, among the nine principal criteria for cyclone
disaster management in Bangladesh, 'planning for preparedness' is identified as the most
significant factor, carrying a relative weight of 0.231. Other key activities, ranked in order of
decreasing importance, include 'effective early warning system development' (score: 0.217),
'structural mitigation measures' (score 0.101), 'non-structural mitigation measures' (score 0.094),
'drill or exercise' (score 0.087), 'short-term recovery' (score 0.085), "post-disaster response' (score
0.081), and 'long-term recovery' (score 0.052). The consistency ratio in the pairwise comparison
for criteria was measured below 0.10, which is within the acceptable limits of consistency as per

the theory of Saaty (2008).

6.4 Discussion

According to Fuzzy ANP, the disaster management sub-components are prioritized in descending
order in Fig. 6.3 from the result of Table 6.18. Proper information management (EEWSDP2) has
found the most important cyclone disaster management activity in the study for Bangladesh.
Following this, 'evacuation mapping (EP2)', 'cyclone tracking and forecasting (EEWSDP1)',
'public education on early warning (EEWSDP4)', 'regulatory measures (NSM2)', 'early debris
cleaning for smooth transportation (STR3)', 'investment in developing disaster early warning

(EEWSDP3)', 'warning and evacuation (Pre-R1)', 'contingency plan (PP1)', and 'restoration of
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critical infrastructure (STR2)' respectively have appeared as the top ten disaster management

activities for comprehensive cyclone disaster management in Bangladesh.
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Fig. 6.3 Ranking disaster management activities for tropical cyclone in context of Bangladesh.

Another conclusion of this study emphasizes that the development of an effective early warning
system and successful planning for preparedness can significantly enhance the awareness and
readiness of vulnerable communities, enabling them to face hazards and mitigate the impacts of
disasters. Similar finding has come out from a recent study by World Meteorological Organization
(WMO) where stated early warnings reducing asset losses by up to 30% if a community get early
warning before 24hr. Moreover, according to Global Status Report (2024) by UNDRR reveals that
countries with substantive-to-comprehensive early warnings coverage have disaster mortality
eight times lower than countries with limited coverage (UNDRR, 2024). It is noteworthy that
cyclone disaster management experts have placed greater emphasis on conducting mock drills,
pre-disaster response, preparedness planning, and structural and non-structural mitigation
activities, rather than on post-disaster actions.

The study faced resource constraints in developing the DDM methodology for tropical cyclones
due to the limited availability of review articles on the topic. Moreover, coordinating with experts
and aligning schedules proved time-consuming. In some cases, field-level practitioners found the
questionnaire tedious to complete and required clarification on certain components. Finally, the
overall coastal region of Bangladesh has considered for assessing the cyclone disaster demand

matrix. In the future study, researcher can focus on a specific area or micro-administrative level.
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This would allow to address the local disaster risk through the demand matrix and prioritization

process, ensuring more localized context and effective disaster management.

6.5 Summary

This study provides a comprehensive assessment and prioritization of cyclone disaster
management activities in Bangladesh using a DDM and Fuzzy ANP method respectively. The
analysis reveals substantial gaps between ideal and existing situation among nine major activities
and forty-two sub-components of disaster management. The findings identify planning for
preparedness and effective early warning system development as the most critical components for
enhancing cyclone resilience. Sub-activities, such as proper information management, evacuation
mapping, cyclone tracking and forecasting, and public education on early warning emerged as key
priorities for improving coordination, communication, and community engagement in disaster
response. On the other hand, poor performance in structural mitigation and long-term recovery
underscores persistent weaknesses in infrastructure resilience, reconstruction, and economic
recovery. Targeted investments in embankment strengthening, infrastructure reinforcement, and
institutional capacity building are urgently needed. Overall, the study emphasizes a necessary shift
from a reactive to a proactive disaster management approach. Strengthening preparedness, early
warning dissemination, and sustainable mitigation will enhance national resilience and align
Bangladesh’s disaster management efforts with the Sendai Framework for Disaster Risk Reduction

(2015-2030).
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Chapter 7: Strategic Recommendations and Policy Roadmap

7.1 General

The findings of this study reveal a critical mismatch between the current state of cyclone disaster
management and the ideal demand scenario, particularly in structural mitigation, preparedness
planning, evacuation systems, and long-term recovery. The fuzzy ANP results further emphasize
that early warning systems, preparedness planning, and evacuation-related activities are the most
influential components in reducing cyclone risk. While the country has made remarkable progress
in reducing cyclone-related mortality over the past three decades, the analysis demonstrates that
persistent gaps remain across all phases of the disaster management cycle. Most notably, the
prioritization results identify ‘proper information management’ as the single most critical activity,
followed by ‘evacuation mapping’, ‘cyclone tracking and forecasting’, and ‘public education on

early warning’ (OCHA, 2025).

Consistent with global disaster risk reduction (DRR) literature, effective cyclone management
requires a shift from reactive response toward anticipatory, integrated, and risk-informed
governance systems (Zaman, 2022). This chapter proposes a multi-dimensional policy roadmap to
scale effectiveness in Bangladesh by aligning national priorities with localized implementation,

technological advancement, and institutional integration.

7.2 Strengthening Early Warning Systems and Information Management

The study emphasizes that information management and accurate cyclone forecasting are the most
critical pillars of risk reduction, reinforcing wider evidence that early warning systems (EWS) are
central to saving lives and livelihoods. Advanced digital, Al-enabled, and people-centered EWS
are increasingly seen as the ‘backbone’ of climate and cyclone risk management (Rahman et al.,

2024).

Advanced, Integrated Early Warning Platforms
Integrated Al-based platforms are promoted as a way to fuse meteorological, geospatial, and
societal data into multi-hazard, impact-based early warning that better anticipates complex climate

risks and supports proactive adaptation (Reichstein et al., 2025).

Last-Mile Communication and Localized Warnings
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Evidence from coastal Bangladesh and other contexts shows people value precise landfall timing,
impact information, and voice/SMS alerts in local dialects, and are willing to pay for such
improvements (Ahsan & Khatun, 2020). Studies of flood and drought EWS stress that
communication and dissemination remain the weakest components, requiring multiple channels
(mobile alerts, community volunteers, media, social networks) and tailored content to different
user groups (Sadiq et al., 2023). Research on public alert systems and ‘last mile’ communication
underlines that trusted, timely, simple, yet sufficiently detailed messages, delivered via redundant

and diverse channels, are essential for warnings to trigger protective action.

Redundant and Robust Emergency Communication Networks

Reviews of emergency communication networks describe the need for redundant, multi-
technology architectures combining satellite, cellular, ad hoc, and private wireless systems to
maintain connectivity during extreme events. Such integrated broadband—narrowband systems are
proposed to support visual dispatch, real-time data exchange, and reliable warning dissemination
even when parts of the infrastructure fail. This aligns with calls in EWS literature to use multiple
communication pathways and backup systems to ensure alerts reach at-risk populations despite

damage to primary networks (Ahsan & Khatun, 2020).

7.3 Enhancing Preparedness Planning and Institutional Capacity

Despite its importance, preparedness planning in coastal Bangladesh performs only at an average
level, revealing a persistent gap between national policy ambitions, and local implementation.
Recent assessments show that Bangladesh has robust DRR policies and frameworks, yet
translating plans into effective local action remains constrained by limited capacity, funding, and
coordination at sub-national levels (Islam et al., 2020). Weak local institutions, external
dependencies, and poor data and information management all contribute to this policy

implementation gap (Quader et al., 2023).

To close this gap, standardized contingency planning frameworks should be developed for all
coastal districts, supported by stronger data management, documentation, and reporting systems.
Building local government capacity through training, resources, and collaborative networks is
critical for operationalizing plans on the ground. Institutionalizing regular risk assessments and

scenario-based planning would support anticipatory, risk-informed decision-making rather than
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reactive crisis management. Researchers consistently highlight weak local capacity and
fragmented governance as core reasons why well-designed DRR policies often fail in practice,

both in Bangladesh and comparable contexts.

7.4 Reforming Evacuation Systems and Disaster Drills

The study finds that evacuation mapping and drills are among the weakest components of cyclone
preparedness, despite their direct role in saving lives. Risk-informed evacuation maps, optimized
shelter locations, and realistic training that reflects how people actually move and decide under

stress (Rahman et al., 2021).

Evacuation Mapping and Inclusive Planning

Geo-referenced evacuation maps that integrate flood/cyclone risk, road networks, and shelter
capacity can greatly improve route selection and reduce evacuation time, especially for vulnerable
groups such as the elderly. Reviews also highlight the need to systematically incorporate human
factors, such as age, gender, disability, risk perception, and culture into evacuation models and

plans.

Drills, Behavior, and Trust

Evacuation drills and training increasingly are enhanced by Volunteer Resources and serious
games improve spatial navigation, decision-making, and safety compliance, including for elderly
and disabled people. Behavioral studies confirm that evacuation is shaped by social norms,
gendered roles, prior experience, and trust in authorities, not warnings alone; confidence in

government and clear, legitimate orders are critical for compliance (Ahsan, 2017).

7.5 Strengthening Non-Structural Mitigation and Risk Governance

While public education and awareness efforts are relatively strong, regulatory and financial
measures for DRR remain underdeveloped, limiting real risk reduction on the ground. Institutional
silos, weak enforcement, and fragmented financing hinder a shift from knowing about risk to

actually controlling and reducing it (Islam et al., 2020).

Strengthening land-use planning and building codes, especially in coastal and high-risk zones, is
widely recognized as essential for reducing exposure and preventing new risk, but many systems

still lack coherent spatial planning, effective enforcement, and integration of risk information into
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development decisions (Farinds-Dasi et al., 2025). At the same time, scaling up public education
and awareness and linking it with concrete incentives (e.g., support for safer housing,
ecosystem-based DRR, or insurance uptake) may bridge the knowledge gap and lead to action.
Introducing hazard mitigation grant programs to fund local adaptation and risk-reduction projects,
such as nature-based solutions, resilient infrastructure, or risk-sensitive land-use plans supports

locally driven, cross-sectoral implementation.

Overall, effective DRR emerges as a governance challenge: durable risk reduction requires
integrated institutions, cross-sector coordination, and aligned regulatory and financial tools, rather

than isolated awareness programs or siloed policies.

7.6 Improving Pre- and Post-Disaster Response Systems

The study underscores that disaster response is weakened by gaps in logistics, poor resource
pre-positioning, and limited emergency response capacity. These weaknesses delay aid delivery,

increase immediate losses, and slow the path to recovery (Heng et al., 2025).

To address this, it recommends establishing decentralized emergency logistics hubs so that critical
supplies are closer to affected communities and less vulnerable to single-point failures. Improving
disaster supply chain management systems is essential to coordinate warehouses, transport, and
inventories, ensuring that pre-positioned resources can be rapidly mobilized when a crisis strikes.
Strengthening rapid damage and loss assessment frameworks would enable quicker,
evidence-based decisions about where and what kind of support is needed. At the same time,
enhancing healthcare and first-aid response capacity helps treat casualties promptly and prevent
avoidable deaths and complications. Together, efficient and well-coordinated response systems

both reduce immediate human and economic losses and support faster, more sustainable recovery.

7.7 Transforming Long-Term Recovery and Resilience Building

Long-term recovery is widely recognized as the weakest part of the disaster cycle: funding,
politics, and urgency favor short-term rehabilitation, while deeper social, economic, and
institutional changes lag behind. Recent research argues that recovery must deliberately evolve
into a pathway for resilience and development, not just a return to pre-disaster conditions

(Finucane et al., 2020; Okunola & Werners, 2024).
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Integrated Recovery Planning Frameworks

e A multi-dimensional ‘recovery for development’ framework links six domains,
communities, economy, infrastructure, environment, health, and governance into one
integrated planning process, using systems thinking and stepwise strategy design.

e Project-management frameworks stress a continuous recovery lifespan, where planning,
learning, and data systems span years and feed into preparedness for the next disaster.

e Long-term recovery requires inclusive deliberation, scientific data, and iterative policy

revision to avoid deepening vulnerabilities and inequities.
Key elements of long-term integrated recovery planning

e Sustainable Livelihood Restoration
e Climate-Resilient Reconstruction of Infrastructure

e Community-Led and People-Centered Recovery

Evidence across contexts supports the view that long-term recovery is underdeveloped and too
often reduced to short-term repair. Effective strategies knit together integrated planning, climate-
resilient infrastructure, and sustained livelihood support, all grounded in community leadership
and equity. When recovery is explicitly framed as a vehicle for resilience and development, it can
move beyond rehabilitation and help transform vulnerable communities into more just, sustainable,

and disaster-ready societies.

7.8 Enhancing Governance, Coordination, and Financing

The study highlights how institutional fragmentation, funding gaps, and coordination failures
undermine effective cyclone risk management. These weaknesses manifest in overlapping
mandates across agencies, limited and inconsistent financial resources for DRR, and poor

communication and collaboration between key actors.

In response, the study proposes several strategic recommendations. First, it calls for the
establishment of integrated disaster governance platforms that cut across ministries to ensure
coherent planning and decision-making. Second, it emphasizes the need to strengthen vertical
coordination between national and local governments so that policies, resources, and

responsibilities are better aligned. Third, the study recommends increasing domestic funding for
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DRR to reduce excessive dependence on external donors and to enable more sustainable, long-
term resilience planning. Finally, it underscores the importance of promoting public—private
partnerships (PPP) to mobilize additional resources and technical expertise for resilience
investments. Overall, the policy insight is that adaptive governance and strong institutional

collaboration are essential for managing cyclone risk effectively (Choudhury et al., 2021).

7.9 Challenges, Limitations and Future Research Directions

Although this study makes an original contribution by developing a Disaster Demand Matrix for
cyclone disaster management in Bangladesh, some limitations should be acknowledged. First, the
proposed DDM has been developed through a combination of literature review, policy analysis,
expert judgment, and prioritization techniques. While this approach provides a structured and
evidence-informed framework, the empirical validation of the matrix remains limited. Future
studies may validate the DDM through field-level application in selected cyclone-prone districts

and compare the findings with actual disaster preparedness, response, and recovery outcomes.

Second, the prioritization process partly depends on expert judgment. Although experts from
relevant academic, government, and professional backgrounds were consulted, the results may still
reflect their institutional experience, professional understanding, and subjective assessment. To
reduce this limitation, the study applied the Fuzzy Analytical Network Process, which is useful for
addressing uncertainty and interdependence among decision criteria. However, future research
may include a larger and more diverse group of respondents, including local government
representatives, community leaders, CPP volunteers, women’s groups, and disaster-affected

people.

Third, the study mainly focuses on cyclone disaster management in the coastal context of
Bangladesh. Therefore, the findings are most directly applicable to cyclone-prone coastal areas.
Although the DDM has potential for wider application to other hazards such as floods, riverbank
erosion, storm surges, landslides, and droughts, further adjustment and validation will be necessary

before applying it to different disaster contexts.

Fourth, some practical challenges were encountered during data collection. Coordinating with
experts and practitioners required considerable time, and some respondents needed additional

explanation to understand the technical components of the questionnaire. This indicates the
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importance of developing simplified and user-friendly tools for future application of the DDM at

district, upazila, and union levels.

Finally, future research may strengthen the DDM by integrating real-time disaster information,
GIS-based vulnerability mapping, local-level resource inventories, and community-based risk
data. Application of the matrix at different administrative levels would make it more useful for
localized planning, resource allocation, and evidence-based decision-making. Such future
improvements would further enhance the policy relevance of the DDM and support a more

inclusive, demand-driven, and resilient disaster management system in Bangladesh.

7.10 Summary

This study demonstrates that Bangladesh’s cyclone disaster management system has strong
foundations but critical implementation gaps. The prioritization results clearly indicate that
investment in early warning systems, preparedness planning, and evacuation mechanisms yields

the highest impact in reducing cyclone risks.

However, achieving long-term resilience requires a holistic transformation, integrating technology,
governance, infrastructure, and community participation into a unified disaster management
framework. Aligning these strategies with global frameworks such as the Sendai Framework will

be essential for scaling effectiveness and ensuring sustainable disaster resilience in Bangladesh.

The DDM developed for cyclone hazards can be adapted and applied to other types of disasters in
Bangladesh, as well as in different regions around the world. By providing a structured framework
to identify needs, assess gaps, and prioritize actions, it offers a practical tool for strengthening
disaster management systems across diverse hazard contexts. This adaptability enhances its

broader relevance and usefulness beyond cyclone-prone coastal areas.

Furthermore, applying this matrix to various disaster scenarios can support more integrated and
demand-driven approaches to risk reduction and emergency planning. It can assist policymakers,
practitioners, and communities in making informed decisions that align resources with actual
needs. Ultimately, the wider application of this framework has the potential to improve disaster
preparedness and response, promote resilience, and contribute to the development of more

sustainable and disaster-resilient communities globally.
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This study developed a Disaster Demand Matrix (DDM) for cyclone disaster management in
Bangladesh; however, its empirical validation remains limited and requires further field-level
testing. The prioritization process relies partly on expert judgment, which may introduce
subjectivity despite the use of the Fuzzy Analytical Network Process to address uncertainty and
interdependencies. The framework is primarily designed for cyclone-prone coastal areas and
therefore requires adaptation and validation before application to other disaster contexts. Data
collection also faced practical challenges, including coordination with experts and the complexity
of technical questionnaires. Future research should integrate real-time disaster data, GIS-based
vulnerability mapping, resource inventories, and community-level information to enhance the

DDM's effectiveness for localized planning and evidence-based decision-making.
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Chapter 8: Conclusion
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Chapter 8: Conclusion

This study develops a Disaster Demand Matrix (DDM) for Bangladesh after reviewing a specific
disaster (cyclone) management scenario. In doing so, this study had to find out and address a
critical gap in cyclone disaster management in Bangladesh by developing a systematic, evidence-
based framework for identifying and prioritizing disaster management needs. Despite
Bangladesh’s internationally recognized success in reducing cyclone-related mortality through
advancements in early warning systems, evacuation mechanisms, and community-based
preparedness, the findings of this research demonstrate that significant structural, institutional, and
operational challenges persist. These challenges are particularly evident in the areas of

coordination, resource allocation, and the integration of DRR across different governance levels.

The empirical analysis of tropical cyclone trends during the modern satellite era (1982-2024)
provides important insights into the evolving nature of cyclone hazards along the Bangladesh
coast. Contrary to widely held assumptions of a consistent increase in cyclone frequency and
intensity, the results suggest a more complex and regionally non-uniform pattern, with weak or
non-significant trends in several key indicators. This finding underscores the importance of relying
on data-driven, region-specific analyses rather than generalized global narratives when designing
disaster management strategies. It also highlights that increasing disaster impacts in Bangladesh
are not solely driven by changes in hazard characteristics, but are significantly influenced by

growing exposure, socio-economic vulnerability, and limitations in adaptive capacity.

The assessment of existing disaster management practices reveals that, while Bangladesh has made
considerable progress in aligning with global DRR frameworks, notable gaps remain in translating
policy into effective implementation. Institutional fragmentation, limited local-level capacity,
insufficient long-term recovery planning, and dependence on external funding continue to
constrain the overall effectiveness of disaster management efforts. These findings reinforce the
need for a more integrated, coordinated, and demand-oriented approach that bridges the gap

between national policy frameworks and ground-level realities.

The DDM developed in this study offers a novel and practical tool for systematically identifying
and quantifying unmet needs across the disaster management cycle. By integrating global best

practices with local contextual realities, the matrix provides a structured mechanism for
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benchmarking existing capacities against required standards. Furthermore, the application of the
FANP enables a robust prioritization of disaster management activities by accounting for
interdependencies among decision criteria, thereby overcoming the limitations of traditional linear

decision-making approaches.

The prioritization results highlight that future improvements in cyclone disaster management in
Bangladesh should focus on strengthening institutional coordination, enhancing local governance
and technical capacity, improving resource distribution mechanisms, and ensuring the
sustainability of recovery and rehabilitation efforts. In particular, greater emphasis is needed on
integrating DRR into development planning, promoting inclusive and community-driven
approaches, and addressing the needs of vulnerable populations who are disproportionately

affected by cyclone impacts.

Finally, this research contributes both theoretically and practically to the field of disaster science
and climate resilience. It advances the understanding of cyclone risk dynamics in Bangladesh
through empirical analysis, while also introducing an innovative decision-support framework for
improving disaster management effectiveness. The DDM developed in this study, along with its
prioritization approach, offers practical and actionable guidance for policymakers, practitioners,
and development partners. It supports more strategic decision-making and promotes the efficient

allocation of resources by clearly linking identified needs with appropriate interventions.

When applied across different disaster contexts, the matrix can encourage more coordinated,
demand-driven approaches to risk reduction, preparedness, and emergency response planning. It
helps stakeholders—including government agencies, practitioners, and local communities—better
understand priorities and align resources with the actual needs of affected populations. By
systematically highlighting gaps between existing plans and on-the-ground realities, the

framework facilitates more targeted, timely, and effective interventions.

Moreover, the broader application of this approach can significantly enhance disaster preparedness
and response capacities. It strengthens resilience by ensuring that interventions are both context-
specific and need-based, while also promoting long-term sustainability. Ultimately, the
widespread use of the DDM can contribute to building more adaptive, inclusive, and disaster-

resilient communities at both national and global levels.

102


Mahamudul Hasan
Typewritten text
Dhaka University Institutional Repository


Dhaka University Institutional Repository

Declaration on the Use of AI Tools

I hereby declare that limited use of artificial intelligence (Al)-based tools, including ChatGPT,
QuillBot, Paperpal, and Grammarly, was made solely to improve the clarity, language quality, and
grammatical accuracy of the written content in this thesis. These tools were used exclusively for

paraphrasing, editing, and refining the presentation of text.

No data, results, analyses, figures, or interpretations presented in this research were generated,
altered, or manipulated using any Al tools. All research design, data collection, analysis, and

findings are entirely original and were conducted independently by the author.

I further affirm that the intellectual content, methodologies, and conclusions of this thesis are my
own work, and the use of Al tools did not influence the scientific integrity or authenticity of the

research.

103


Mahamudul Hasan
Typewritten text
Dhaka University Institutional Repository


Dhaka University Institutional Repository

References

Abdeen, F. N., Fernando, T., Kulatunga, U., Hettige, S., & Ranasinghe, K. D. A. (2021).
Challenges in multi-agency collaboration in disaster management: A Sri Lankan perspective.
International Journal of Disaster Risk Reduction, 62, 102399.
https://doi.org/10.1016/}.1jdrr.2021.102399

Abedin, M. A., Collins, A. E., Habiba, U., & Shaw, R. (2019). Climate change, water scarcity, and
health adaptation in southwestern coastal Bangladesh. International Journal of Disaster Risk
Science, 10(1), 28—42. https://doi.org/10.1007/s13753-018-0211-8

Ahmed, A. U., Haq, S., Nasreen, M., & Hassan, A. W. R. (2015). Climate change and disaster
management.: Sectoral inputs towards the formulation of Seventh Five Year Plan (2016—
2021). General Economics Division, Planning Commission, Government of the People's
Republic of Bangladesh.

Ahmed, T., Moroto, H., Sakamoto, M., & Matsuyama, A. (2016). Exploring implementation gaps
between policy and practice for Disaster Management in Bangladesh. Journal of Integrated
Disaster Risk Management, 6(2), 79—101. https://doi.org/10.5595/idrim.2016.0181

Ahsan, M. N. (2017). Can strategies to cope with hazard shocks be explained by at-risk
households’ socioeconomic asset profile? Evidence from tropical cyclone-prone coastal
Bangladesh. International Journal of Disaster Risk Science, 8(1), 46-63.
https://doi.org/10.1007/s13753-017-0119-8

Ahsan, M. N., & Khatun, A. (2020). Fostering disaster preparedness through community radio in
cyclone-prone coastal Bangladesh. International Journal of Disaster Risk Reduction, 49,
101752. https://doi.org/10.1016/5.1jdrr.2020.101752

Ahsan, M. N., Naim, J., Sakib, N., Kumar, P., Okano, N., Hossain, M. S., Gain, A. K., Amin, M.
N., Islam, M. K., Ohara, M., Takahashi, Y., Saito, O., & Miwa, K. (2026). When waters turn
against communities: Unraveling water governance, security, and household well-being in
hazard-prone coastal Bangladesh. Progress in Disaster Science, 29,100500.

https://doi.org/10.1016/j.pdisas.2025.100500

Akon, M. S., & Mia, M. J. (2024). Performance of JICA funded cyclone shelter in the coastal areas
of Bangladesh: An empirical analysis from Pirojpur district. Progress in Disaster Science,
23,100342. https://doi.org/10.1016/j.pdisas.2024.100342

Alam, E., Collins, A. E., Islam, A. R. M. T., Paul, A., & Islam, M. K. (2024). Change in cyclone
disaster vulnerability and response in coastal Bangladesh. Disasters, 48(2), e¢12608.
https://doi.org/10.1111/disa.12608

104


https://www.google.com/search?q=https%3A%2F%2Fdoi.org%2F10.1016%2Fj.ijdrr.2021.102399
https://doi.org/10.1007/s13753-018-0211-8
https://doi.org/10.1007/s13753-017-0119-8
https://doi.org/10.1016/j.ijdrr.2020.101752
https://www.google.com/search?q=https%3A%2F%2Fdoi.org%2F10.1016%2Fj.pdisas.2025.100500
https://doi.org/10.1016/j.pdisas.2024.100342
Mahamudul Hasan
Typewritten text
Dhaka University Institutional Repository


Dhaka University Institutional Repository

Alexander, D. E. (2016). The game changes: “Disaster Prevention and Management” after a

quarter of a century. Disaster Prevention and Management, 25(1), 2-10.
https://doi.org/10.1108/DPM-11-2015-0262

Arfanuzzaman, M. (2024). Bangladesh's pathways to climate-resilient development: A methodical
review. World Development Sustainability, 4,100144.
https://doi.org/10.1016/j.wds.2024.100144

Asadzadeh, A., Kotter, T., & Zebardast, E. (2015). An augmented approach for measurement of
disaster resilience using connective factor analysis and analytic network process (F’ANP)
model. International Journal of Disaster Risk Reduction, 14(4), 504-518.
https://doi.org/10.1016/j.1jdrr.2015.10.002

Aung, M. T. (2013). A comparative study on Emergency Response System (ERS) in Japan and
Myanmar (Visiting Researcher Report). Asian Disaster Reduction Center.
https://www.adrc.asia/aboutus/vrdata/finalreport/2013A°_ MMR _ fr.pdf

Australian Agency for International Development. (2013). Protection in humanitarian action
framework for the Australian aid program. Australian Department of Foreign Affairs and
Trade, Australian Aid. https://www.dfat.gov.au/sites/default/files/framework-protection-
humanitarian-action.pdf

Australian Agency for International Development. (2011). Humanitarian action policy. Australian
Government. https://www.dfat.gov.au/about-us/publications/Pages/humanitarian-action-
policy

Australian Emergency Management Committee. (2011). National strategy for disaster resilience.
PreventionWeb. https://www.preventionweb.net/publication/australia-national-strategy-
disaster-resilience-2011

Australian Government, Department of Home Affairs. (2017). Natural disaster relief and recovery
arrangements (NDRRA). Australian Government. https://www.disasterassist.gov.au/disaster-
arrangements/natural-disaster-relief-and-recovery-arrangements

Ayanian, J. Z. (2020). Taking shelter from the COVID-19 storm. JAMA Health Forum, 1(6),
Article €200689. https://doi.org/10.1001/jamahealthforum.2020.0689

Azad, M. A. K., & Khan, M. M. (2015). Post disasters social pathology in Bangladesh : A case
study on AILA affected areas. Sociology and Anthropology, 3(2), 85-94.
https://doi.org/10.13189/sa.2015.030203

Azad, M. A. K., Uddin, M. S., Zaman, S., & Ashraf, M. A. (2019). Community-based Disaster
Management and Its salient features: A policy approach to people-centred Risk Reduction in

105


https://doi.org/10.1016/j.wds.2024.100144
https://doi.org/10.1016/j.ijdrr.2015.10.002
https://www.dfat.gov.au/sites/default/files/framework-protection-humanitarian-action.pdf
https://www.dfat.gov.au/sites/default/files/framework-protection-humanitarian-action.pdf
https://www.google.com/search?q=https://www.dfat.gov.au/about-us/publications/Pages/humanitarian-action-policy
https://www.google.com/search?q=https://www.dfat.gov.au/about-us/publications/Pages/humanitarian-action-policy
https://www.preventionweb.net/publication/australia-national-strategy-disaster-resilience-2011?utm_source=chatgpt.com
https://www.preventionweb.net/publication/australia-national-strategy-disaster-resilience-2011?utm_source=chatgpt.com
https://www.disasterassist.gov.au/disaster-arrangements/natural-disaster-relief-and-recovery-arrangements?utm_source=chatgpt.com
https://www.disasterassist.gov.au/disaster-arrangements/natural-disaster-relief-and-recovery-arrangements?utm_source=chatgpt.com
https://www.google.com/search?q=https://doi.org/10.1001/jamahealthforum.2020.0689
Mahamudul Hasan
Typewritten text
Dhaka University Institutional Repository


Dhaka University Institutional Repository

Bangladesh.  Asia-Pacific  Journal of Rural Development, 29(2), 135-160.
https://doi.org/10.1177/1018529119898036

Bakkensen, L. A., & Mendelsohn, R. O. (2019). Global tropical cyclone damages and fatalities
under climate change: An updated assessment. In Hurricane risk (pp. 179-197). Cham:
Springer International Publishing. https:/link.springer.com/chapter/10.1007/978-3-030-
02402-4 9

Balaguru, K., Taraphdar, S., Leung, L. R., & Foltz, G. R. (2014). Increase in the intensity of
postmonsoon Bay of Bengal tropical cyclones. Geophysical Research Letters, 41, 3594—
3601. https://doi.org/10.1002/2014g1060197

Bali, R. (2024). Disaster Management Cycle. Asian Journal of Geographical Research, 7(1), 85—
93. https://doi.org/10.9734/ajgr/2024/v7i11217

Bangladesh Red Crescent Society. (2020). Cyclone Preparedness Programme (CPP).
https://bdrcs.org

Barua, A. (2022, May 15). Our shifting climate of policies. Dhaka Tribune.
https://www.dhakatribune.com/opinion/longform/270322/our-shifting-climate-of-policies

Barua, P., Mitra, A., & Eslamian, S. (2021). Disaster management strategies and relation of good
governance for the coastal Bangladesh. Resources and Environmental Economics, 3(2), 269—
279. https://doi.org/10.25082/REE.2021.02.002

Barua, P., Chowdhury, S. S., & Mitra, A. (2024). Review on conservation approach study of largest
mangrove ecosystem as the mitigation of climate change. Journal of Climate Change, 10(3),
31-42. https://doi.org/10.3233/jcc240021

Bayleyegn, T. M., Schnall, A. H., Ballou, S. G., Zane, D. F., Burrer, S. L., Noe, R. S., & Wolkin,
A. F. (2015). Use of community assessments for public health emergency response
(CASPERs) to rapidly assess public health issues: United States, 2003—-2012. Prehospital and
Disaster Medicine, 30(4), 374-381. https://doi.org/10.1017/S1049023X 15004938

Bern, C., Sniezek, J., Mathbor, G. M., Siddiqi, M. S., Ronsmans, C., Chowdhury, A. M. R.,
Choudhury, A. E., Islam, K., Bennish, M., Noji, E., & Glass, R. 1. (1993). Risk factors for
mortality in the Bangladesh cyclone of 1991. Bulletin of the World Health Organization,
71(1), 73-78. https://iris.who.int/server/api/core/bitstreams/390950e1-cf5c-4c4c-9143-
e71f50bb7c12/content

Bhardwaj, P., & Singh, O. (2020). Climatological characteristics of Bay of Bengal tropical
cyclones: 1972-2017. Theoretical and Applied Climatology, 139(1-2), 615-629.
https://doi.org/10.1007/s00704-019-02989-4

106


https://doi.org/10.1177/1018529119898036
https://doi.org/10.1002/2014gl060197
https://bdrcs.org/
https://www.google.com/search?q=https://doi.org/10.3233/jcc240021
https://www.google.com/search?q=https://doi.org/10.1017/S1049023X15004938
https://doi.org/10.1007/s00704-019-02989-4
Mahamudul Hasan
Typewritten text
Dhaka University Institutional Repository


Dhaka University Institutional Repository

Biswas, S., & Daly, P. (2021). ‘Cyclone not above politics’: East Pakistan, disaster politics, and
the 1970 Bhola Cyclone. Modern  Asian  Studies,  55(4), 1382-1410.
https://doi.org/10.1017/S0026749X20000293

Bloemendaal, N., Haigh, I. D., de Moel, H., Muis, S., Haarsma, R. J., & Aerts, J. C. (2020).
Generation of a global synthetic tropical cyclone hazard dataset using STORM. Scientific
Data, 7(1), 40. https://doi.org/10.1038/s41597-020-0381-2

Brennan, M. A., & Flint, C. G. (2007). Uncovering the hidden dimensions of rural disaster
mitigation: Capacity building through community emergency response teams. Journal of
Rural Social Sciences, 22(2), 7. Available at: https://egrove.olemiss.edu/jrss/vol22/iss2/7

Buckley, J. J. (1985). Fuzzy hierarchical analysis. Fuzzy Sets and Systems, 17(3), 233-247.
https://doi.org/10.1016/0165-0114(85)90090-9

Busireddy, N. K. R., Ankur, K., Osuri, K. K., & Niyogi, D. (2022). Modelled impact of ocean
warming on tropical cyclone size and destructiveness over the Bay of Bengal: A case study
on FANI cyclone. Atmospheric Research, 279, 106355.
https://doi.org/10.1016/j.atmosres.2022.106355

Biiyiikdzkan, G., Ertay, T., Kahraman, C., & Ruan, D. (2004). Determining the importance weights
for the design requirements in the house of quality using the fuzzy analytic network approach.
International Journal of Intelligent Systems, 19(5), 443-461.
https://doi.org/10.1002/int.20006

Calabrese, A., Costa, R., & Menichini, T. (2013). Using Fuzzy AHP to manage Intellectual Capital
assets: An application to the ICT service industry. Expert Systems with Applications, 40(9),
3747-3755. https://doi.org/10.1016/j.eswa.2012.12.081

Camargo, S. J., Murakami, H., Bloemendaal, N., Chand, S. S., Deshpande, M. S., Dominguez-
Sarmiento, C., Gonzalez-Aleman, J. J., Knutson, T. R., Lin, I.-I., Moon, 1.-J., Patricola, C.
M., Reed, K. A., Roberts, M. J., Scoccimarro, E., Tam, C. Y. (F.), Wallace, E. J., Wu, L.,
Yamada, Y., Zhang, W., & Zhao, H. (2023). An update on the influence of natural climate
variability and anthropogenic climate change on tropical cyclones. Tropical Cyclone
Research and Review, 12(3), 216-239. https://doi.org/10.1016/j.tcrr.2023.10.001

Centers for Disease Control and Prevention. (2018). Preparedness and safety messaging for
hurricanes, flooding, and similar disasters. U.S. Department of Health and Human Services.
https://stacks.cdc.gov/view/cdc/139594

Centers for Disease Control and Prevention. (2019). Preparing for a hurricane or other tropical
storm. https://www.cdc.gov/hurricanes/safety/

107


https://doi.org/10.1016/0165-0114(85)90090-9
https://doi.org/10.1016/j.atmosres.2022.106355
https://doi.org/10.1002/int.20006
https://doi.org/10.1016/j.eswa.2012.12.081
https://doi.org/10.1016/j.tcrr.2023.10.001
https://www.cdc.gov/hurricanes/safety/
Mahamudul Hasan
Typewritten text
Dhaka University Institutional Repository


Dhaka University Institutional Repository

Centers for Disease Control and Prevention. (2020). Preparing for a hurricane or tropical storm.
https://www.cdc.gov/hurricanes/safety/

Center for Excellence in Disaster Management & Humanitarian Assistance. (2017). Australia
disaster management reference handbook. https://www.cfe-dmha.org

Center for Excellence in Disaster Management & Humanitarian Assistance. (2018, May).
Thailand: Disaster management reference handbook.
https://reliefweb.int/report/thailand/thailand-disaster-management-reference-handbook-
2018

Center for Excellence in Disaster Management & Humanitarian Assistance. (2020). Australia
(Assisting State) disaster management reference handbook (August 2020). https://www.cfe-
dmha.org/Publications/Disaster-Management-Reference-Handbooks

Chan, M. (2012). Risk management for disasters in Taiwan. Japan Spotlight, (185).
https://www.jef.or.jp/journal/pdf/185th _cover03.pdf

Chang, D. Y. (1992). Extent analysis and synthetic decision, optimization techniques and
applications (Vol. 1, p. 352).
https://www.scirp.org/reference/ReferencesPapers?ReferencelD=1910810

Chang, D.-Y. (1996). Applications of the extent analysis method on fuzzy AHP. European Journal
of Operational Research, 95(3), 649—655. https://doi.org/10.1016/0377-2217(95)00300-2

Chauhan, A., & Liou, Y.-A. (2022). Influence of major typhoons on ocean, atmosphere and air
quality of Northwest Pacific during August 2020. Atmospheric Environment, 271,118923.
https://doi.org/10.1016/j.atmosenv.2021.118923

Chen, J.-F., Hsieh, H.-N., & Do, Q. H. (2015). Evaluating teaching performance based on fuzzy
AHP and comprehensive evaluation approach. Applied Soft Computing, 28, 100-108.
https://doi.org/10.1016/j.as0c.2014.11.050

Chen, W.-B., & Liu, W.-C. (2016). Assessment of storm surge inundation and potential hazard
maps for the southern coast of Taiwan. Natural Hazards, 82(1), 591-616.
https://doi.org/10.1007/s11069-016-2199-y

Cheng, C.-H., Yang, K.-L., & Hwang, C.-L. (1999). Evaluating attack helicopters by AHP based
on linguistic variable weight. European Journal of Operational Research, 116(2), 423—435.
https://doi.org/10.1016/S0377-2217(98)00156-8

Chisty, M. A., Muhtasim, M., Biva, F. J., Dola, S. E. A., & Khan, N. A. (2022). Sendai Framework
for Disaster Risk Reduction (SFDRR) and disaster management policies in Bangladesh: How

108


https://www.cdc.gov/hurricanes/safety/
https://reliefweb.int/report/thailand/thailand-disaster-management-reference-handbook-2018
https://reliefweb.int/report/thailand/thailand-disaster-management-reference-handbook-2018
https://doi.org/10.1016/0377-2217(95)00300-2
https://doi.org/10.1016/j.atmosenv.2021.118923
https://doi.org/10.1016/j.asoc.2014.11.050
https://doi.org/10.1007/s11069-016-2199-y
https://doi.org/10.1016/S0377-2217(98)00156-8
Mahamudul Hasan
Typewritten text
Dhaka University Institutional Repository


Dhaka University Institutional Repository

far we have come to make communities resilient? International Journal of Disaster Risk
Reduction, 76, 103039. https://doi.org/10.1016/j.1jdrr.2022.103039

Commonwealth of Australia & Republic of Indonesia. (2015). Guidance for rapid disaster
response across EAS countries. Attorney-General’s Department, Emergency Management
Australia. https://www.homeaffairs.gov.au/emergency/files/tool-2-guidance-rapid-disaster-
response.pdf

Coppola, D. P. (2011). Introduction to international disaster management (2nd ed.). Butterworth-
Heinemann. https://www.elsevier.com/books/introduction-to-international-disaster-
management/coppola/978-0-12-382174-4

Choudhury, M.-U.-I., Haque, C. E., & Doberstein, B. (2021). Adaptive governance and
community resilience to cyclones in coastal Bangladesh: Addressing the problem of fit, social
learning, and institutional collaboration. Environmental Science & Policy, 124, 580-592.

https://doi.org/10.1016/j.envsci.2021.08.007

Chu, P.-S., & Murakami, H. (2022). Climate variability and tropical cyclone activity. Cambridge
University Press. https://doi.org/10.1017/9781108586467

Daiyan A, M. M., Sakib A, S. N., & Pasha A., A. K. (2025). Assessing Community Resilience
against Climatic Disasters: A Case Study on Local Adaptation Strategies in the Barguna
District. INTI Journal, 2025(1). https://doi.org/10.61453/INTI;j.202502

Das, T., Talukdar, S., Shahfahad, Naikoo, M. W., Ahmed, I. A., Rahman, A., Islam, M. K., &
Alam, E. (2024). Integration of fuzzy AHP and explainable Al for effective coastal risk
management: A micro-scale risk analysis of tropical cyclones. Progress in Disaster Science,
23, 100357. https://doi.org/10.1016/j.pdisas.2024.100357

Department of Foreign Affairs and Trade. (2019). Building resilience: Humanitarian assistance,
disaster  risk  reduction and  social  protection.  Australian  Government.
https://www.dfat.gov.au

Department of Home Affairs. (2018). Australian disaster preparedness framework: A guideline to
develop the capabilities required to manage severe to catastrophic disasters. Australian
Government. https://www.homeaffairs.gov.au/emergency/files/australian-disaster-
preparedness-framework.pdf

Disaster Management Authority. (2011). National progress report on the implementation of the
Hyogo  Framework  for  Action  (2009-2011). Government of  Lesotho.
https://www.preventionweb.net/english/hyogo/gar/2011/en/bgdocs/hfa/15955 1so National
HFAprogress 2009-11.pdf

109


https://doi.org/10.1016/j.ijdrr.2022.103039
https://www.elsevier.com/books/introduction-to-international-disaster-management/coppola/978-0-12-382174-4
https://www.elsevier.com/books/introduction-to-international-disaster-management/coppola/978-0-12-382174-4
https://doi.org/10.1016/j.envsci.2021.08.007
https://doi.org/10.1017/9781108586467
https://doi.org/10.61453/INTIj.202502
https://www.dfat.gov.au/
https://www.google.com/search?q=https%3A%2F%2Fwww.homeaffairs.gov.au%2Femergency%2Ffiles%2Faustralian-disaster-preparedness-framework.pdf
https://www.google.com/search?q=https%3A%2F%2Fwww.homeaffairs.gov.au%2Femergency%2Ffiles%2Faustralian-disaster-preparedness-framework.pdf
https://www.preventionweb.net/english/hyogo/gar/2011/en/bgdocs/hfa/15955_lso_NationalHFAprogress_2009-11.pdf
https://www.preventionweb.net/english/hyogo/gar/2011/en/bgdocs/hfa/15955_lso_NationalHFAprogress_2009-11.pdf
Mahamudul Hasan
Typewritten text
Dhaka University Institutional Repository


Dhaka University Institutional Repository

Emanuel, K. (2005). Increasing destructiveness of tropical cyclones over the past 30 years. Nature,
436, 686—688. https://doi.org/10.1038/nature03906

Emergency Support Unit. (2019). Contingency plan for natural disasters (Issue 3). Security
Bureau, Government Secretariat, Hong Kong.
https://www.scribd.com/document/566174447/Contingency-Plan-for-Natural-Disasters-
Oct-2019-ENG

Falkner, R. (2016). The Paris Agreement and the new logic of international climate politics.
International Affairs, 92(5), 1107—1125. https://doi.org/10.1111/1468-2346.12708

Fang, Y., Yin, J., & Wu, B. (2016). Flooding risk assessment of coastal tourist attractions affected
by sea level rise and storm surge: A case study in Zhejiang Province, China. Natural Hazards,
84(1), 611-624. https://doi.org/10.1007/s11069-016-2444-4

Farinés-Dasi, J., Pinazo-Dallenbach, P., Peird Sanchez-Manjavacas, E., & Rodriguez-Bernal, D.
C. (2025). Disaster risk management, climate change adaptation and the role of spatial and
urban planning: evidence from European case studies. Natural Hazards, 121(19), 23479-
23512. https://doi.org/10.1007/s11069-024-06448-w.

FathiZahraei, M., Marthandan, G., Raman, M., & Asadi, A. (2015). Reducing risks in crisis
management by GIS adoption. Natural Hazards, 76(1), 83-98.
https://doi.org/10.1007/s11069-014-1474-z

Federal Emergency Management Agency. (2010). FEMA P-499: Home Builder's Guide to Coastal
Construction. U.S. Department of Homeland Security. https://basc.pnnl.gov/library/home-
builders-guide-coastal-construction-fema-p-499-0

Federal Emergency Management Agency. (2021). Hazard Mitigation Grant Program (HMGP).
U.S. Department of Homeland Security. https://www.fema.gov/grants/mitigation/hazard-
mitigation-grant-program

Feng, J., Duan, Y., Sun, W., & Zhou, Y. (2023). Sensitivity analysis of assimilating Doppler radar
radial winds within the inner- and outer-core regions of tropical cyclones. Journal of
Geophysical Research: Atmospheres, 128, €2022JD037583.
https://doi.org/10.1029/2022JD037583

Fernandez, G., & Ahmed, 1. (2019). "Build back better" approach to disaster recovery: Research
trends since 2006. Progress in Disaster Science, 1, 100003.
https://doi.org/10.1016/j.pdisas.2019.100003

Finucane, M. L., Acosta, J., Wicker, A., & Whipkey, K. (2020). Short-term solutions to a long-
term challenge: Rethinking disaster recovery planning to reduce vulnerabilities and

110


https://www.google.com/search?q=https%3A%2F%2Fdoi.org%2F10.1111%2F1468-2346.12708
https://www.google.com/search?q=https%3A%2F%2Fdoi.org%2F10.1007%2Fs11069-016-2444-4
https://doi.org/10.1007/s11069-014-1474-z
https://www.epa.gov/fedfunds/hazard-mitigation-grant-program-hmgp
https://www.epa.gov/fedfunds/hazard-mitigation-grant-program-hmgp
https://doi.org/10.1016/j.pdisas.2019.100003
Mahamudul Hasan
Typewritten text
Dhaka University Institutional Repository


Dhaka University Institutional Repository

inequities. International Journal of Environmental Research and Public Health, 17(2),
Article 482. https://doi.org/10.3390/ijerph17020482

Frazier, T. G., Wood, N., Yarnal, B., & Bauer, D. H. (2010). Influence of potential sea level rise
on societal vulnerability to hurricane storm-surge hazards, Sarasota County, Florida. Applied
Geography, 30(4), 490-505. https://doi.org/10.1016/j.apgeog.2010.05.005

Gao, R.-S., Huang, G.-H., Lu, B.-Q., & Qian, K. (2009). Some hints brought by the Wenchuan
earthquake for local earthquake preparedness and disaster mitigation work. Earthquake, 29,
203-206.
https://www.researchgate.net/publication/294810319 Some hints brought by the Wench
uan_earthquake for local earthquake preparedness and disaster mitigation work

Garner, A. J., Samanta, D., Weaver, M. M., & Horton, B. P. (2024). Changes to tropical cyclone
trajectories in Southeast Asia under a warming climate. npj Climate and Atmospheric Science,
7(1), 156. https://doi.org/10.1038/s41612-024-00707-0

General Economics Division. (2018, October). Bangladesh Delta Plan 2100: Bangladesh in the
21st century (Abridged version). Bangladesh Planning Commission, Ministry of Planning,
Government of the People's Republic of Bangladesh.
https://oldweb.lged.gov.bd/UploadedDocument/UnitPublication/1/756/BDP%202100%20A
bridged%20Version%20English.pdf

GoB. (2024). National early action protocol for cyclone in Bangladesh. Anticipation Hub.

https://www.anticipation-
hub.org/Documents/EAPs/National EAP Cyclone Bangladesh.pdf

Gopinath, G. (2010). Critical coastal issues of Sagar Island, east coast of India. Environmental
Monitoring and Assessment, 160(1), 555-561. https://doi.org/10.1007/s10661-008-0718-3

Habib, A., Shahidullah, Md., & Ahmed, D. (2012). The Bangladesh Cyclone Preparedness
Program. A Vital Component of the Nation’s Multi-Hazard Early Warning System. In
Institutional Partnerships in Multi-Hazard Early Warning Systems (pp. 29-62). Springer
Berlin Heidelberg. https://doi.org/10.1007/978-3-642-25373-7 3

Haque, A., Haider, D., Rahman, M. S., Kabir, L., & Lejano, R. P. (2022). Building Resilience from
the Grassroots: The Cyclone Preparedness Programme at 50. International Journal of
Environmental Research and Public Health, 19(21), 14503.
https://doi.org/10.3390/ijerph192114503

Haque, A., Maksud Kamal, D. A., & Kamrul Hassan, S. M. (2017). Partnership, coordination, and
accountability in urban disaster management: A review of policies in Bangladesh. Summary
Report. Urban Crises Learning Partnership (UCLP). Available

111


https://doi.org/10.3390/ijerph17020482
https://doi.org/10.1038/s41612-024-00707-0
https://www.google.com/search?q=https%3A%2F%2Foldweb.lged.gov.bd%2FUploadedDocument%2FUnitPublication%2F1%2F756%2FBDP%25202100%2520Abridged%2520Version%2520English.pdf
https://www.google.com/search?q=https%3A%2F%2Foldweb.lged.gov.bd%2FUploadedDocument%2FUnitPublication%2F1%2F756%2FBDP%25202100%2520Abridged%2520Version%2520English.pdf
Mahamudul Hasan
Typewritten text
Dhaka University Institutional Repository


Dhaka University Institutional Repository

at https://www.iied.org/g04280

Haque, C. E. (1995). Climatic hazards warning process in Bangladesh: experience of, and lessons
from, the 1991 April cyclone. Environmental Management, 19(5), 719-734.
https://doi.org/10.1007/BF02471954

Haque, C. E., Khan, S. A., & Choudhury, M. (2024). Role of multi-level institutions in facilitating
innovation and adaptation technologies for reducing climate risk and impact: Evidence from
coastal communities of Bangladesh. International Journal of Disaster Risk Reduction, 111,
104669. https://doi.org/10.1016/j.1jdrr.2024.104669

Haque, C. E., & Blair, D. (1992). Vulnerability to tropical cyclones: evidence from the April 1991
cyclone in coastal Bangladesh. Disasters, 16(3), 217-229. https://doi.org/10.1111/j.1467-
7717.1992.tb00400.x

Haque, C. E., & Uddin, M. S. (2013). Disaster management discourse in Bangladesh: A shift from
post-event response to the preparedness and mitigation approach through institutional
partnerships. In J. Tiefenbacher (Ed.), Approaches to disaster management: Examining the

implications of hazards, emergencies and disasters (pp. 33-54). IntechOpen.
https://doi.org/10.5772/54973

Haque, S., ul-Kabir, M., Rouf, I., Kabir, F., Khanum, R., & Mallick, D. (2024). LOCAL
RESPONSES TO CLIMATIC DISASTERS: ADAPTIVE STRATEGIES FOR
SUSTAINABLE LIVELIHOODS IN SATKHIRA, NAOGAON, AND KURIGRAM,
BANGLADESH. European  Journal  of  Social  Sciences  Studies, 10(2).
http://dx.doi.org/10.46827/ejsss.v10i2.1760

Hasan, Z., Akhter, S., Ahmed, S., & Kabir, A. (2013). Challenges of integrating disaster risk
management and climate change adaptation policies at the national level: Bangladesh as a

case. Global Journal of Human Social Science Geography, Geo-Sciences, Environmental
Disaster Management, 13(4), 54—65. https://www.academia.edu/download/77955248/0.pdf

Heng, S., Phutthanawong, K., & Boonmee, C. (2025). Optimizing localized humanitarian logistics:
A stochastic programming approach for facility location, inventory and evacuation strategies.

Journal of Humanitarian Logistics and Supply Chain Management. Advance online
publication. https://doi.org/10.1108/JHLSCM-02-2025-0020

Hibbert, K., Glenn, E., Smith, T. M., & Gonzalez-Cruz, J. E. (2023). Changes to sea surface
temperatures and vertical wind shear and their influence on tropical cyclone activity in the
Caribbean and the Main Developing Region. Atmosphere, 14(6), 999.
https://doi.org/10.3390/atmos 14060999

Hoque, M. A.-A., Pradhan, B., Ahmed, N., Ahmed, B., & Alamri, A. M. (2021). Cyclone
112


https://www.iied.org/g04280
https://doi.org/10.1016/j.ijdrr.2024.104669
https://doi.org/10.1111/j.1467-7717.1992.tb00400.x
https://doi.org/10.1111/j.1467-7717.1992.tb00400.x
https://doi.org/10.1108/JHLSCM-02-2025-0020
https://doi.org/10.3390/atmos14060999
Mahamudul Hasan
Typewritten text
Dhaka University Institutional Repository


Dhaka University Institutional Repository

vulnerability assessment of the western coast of Bangladesh. Geomatics, Natural Hazards
and Risk, 12(1), 198-221. https://doi.org/10.1080/19475705.2020.1867652

Hoque, M. A., Pradhan, B., Ahmed, N., & Roy, S. (2019). Tropical cyclone risk assessment using
geospatial techniques for the eastern coastal region of Bangladesh. Science of The Total
Environment, 692, 10-22. https://doi.org/10.1016/J.SCITOTENV.2019.07.132

Hossain, N. (2018). The 1970 Bhola cyclone, nationalist politics, and the subsistence crisis
contract in Bangladesh. Disasters, 42 (1), 187-203. https://doi.org/10.1111/disa.12235

Hossain, M. L. (2026). Beyond warnings and shelters: local institutions and trust build cyclone
resilience in Bangladesh. Npj Natural Hazards, 3(1), 17. https://doi.org/10.1038/s44304-026-
00177-9

Hsu, T.-H., Hung, L.-C., & Tang, J.-W. (2012). A hybrid ANP evaluation model for electronic
service quality. Applied Soft Computing, 12(1), 72-81.
https://doi.org/10.1016/j.as0c.2011.09.008

Huang, W., L1, S., & Guo, Y. (2025). We studied 217 tropical cyclones globally to see how people
died. Our findings might surprise you. The Conversation. https://theconversation.com/we-
studied-217-tropical-cyclones-globally-to-see-how-people-died-our-findings-might-
surprise-you-268983

Hus, T. H., & Nian, S. H. (1997). Interactive fuzzy decision aided systems-a case on public
transportation system operations. Journal of Transportation Taiwan, 10(4), 79-96.

IPCC ARG6. (2021). Sixth Assessment Report, Climate Change 2021: The Physical Science Basis.
https://www.ipcc.ch/report/ar6/wgl/

Islam, M. M., & Islam, A. R. M. T. (2026). Strengthening climate resilience in coastal Bangladesh:
Analyzing the role of NGOs in adaptation governance from an intersectionality lens. Progress
in Disaster Science, 29, 100498. https://doi.org/10.1016/j.pdisas.2025.100498

Islam, M. R. (2025). Tropical cyclones in Bangladesh: retrospective analysis of storm information,
disaster statistics, and preparedness. Environmental Research Communications, 7(1),
015003. https://doi.org/https://doi.org/10.1088/2515-7620/ada239

Islam, R., & Walkerden, G. (2017). Social networks and challenges in government disaster
policies: A case study from Bangladesh. International Journal of Disaster Risk Reduction,
22,325-334.10.1016/j.1jdrr.2017.02.011

Islam, S., Chu, C., & Smart, J. C. R. (2020). Challenges in integrating disaster risk reduction and
climate change adaptation: Exploring the Bangladesh case. International Journal of Disaster

113


https://doi.org/10.1080/19475705.2020.1867652
https://doi.org/10.1038/s44304-026-00177-9
https://doi.org/10.1038/s44304-026-00177-9
https://doi.org/10.1016/j.asoc.2011.09.008
https://doi.org/10.1016/j.pdisas.2025.100498
https://doi.org/10.1016/j.ijdrr.2017.02.011
Mahamudul Hasan
Typewritten text
Dhaka University Institutional Repository


Dhaka University Institutional Repository

Risk Reduction, 47. https://doi.org/10.1016/.1jdrr.2020.101540

Islam, S. M. T. and, & Chik, Z. (2011). Disaster in Bangladesh and management with advanced
information system. Disaster Prevention and Management: An International Journal, 20(5),
521-530. https://doi.org/10.1108/09653561111178952

Islam, T., Charlesworth, M., Aurangojeb, M., Hemstock, S., Kumar, S., Hassan, S., Kumar, P., &
Hossain, Z. (2021). Revisiting disaster preparedness in coastal communities since 1970s in
Bangladesh with an emphasis on the case of tropical cyclone Amphan in May 2020.
International Journal of Disaster Risk Reduction, 58, 102175.
https://doi.org/10.1016/j.1jdrr.2021.102175

Islam, Md. M., Nipa, T. A., Islam, Md. S., Hasan, M., & Khan, M. 1. (2022). Economic and non-
economic loss and damage to climate change: evidence from a developing country shrimp
farms to cyclone Bulbul. Fisheries and Aquatic Sciences, 25(4), 214-230.
https://doi.org/10.47853/FAS.2022.€20

Islam, M. M., Hossain, M. M., Mitu, S. J., Herbeck, J., Mozumder, M. M. H., Schneider, P., Zabir,
A. A., Shamsuzzaman, M. M., & Jentoft, S. (2025). Fishers' responses to tropical cyclones in
coastal Bangladesh. Progress in  Disaster  Science, 26, Article 100423.
https://doi.org/10.1016/j.pdisas.2025.100423

Jakobsen, F., Azam, M. H., Ahmed, M. M. Z., & Mahboob-ul-Kabir, M. (2006). Cyclone storm
surge levels along the Bangladeshi coastline in 1876 and 1960-2000. Coastal Engineering
Journal, 48(3), 295-307. https://doi.org/10.1142/S057856340600143X

Jaman, T., Dharanirajan, K., & Sharma, S. S. (2021). Assessment of impact of cyclone hazard on
social vulnerability of Bhadrak District of Odisha State during Phailin Cyclone in 2013 and
Titli Cyclone in 2018 using multi-criteria analysis and geospatial techniques. International
Journal of Disaster Risk Reduction, 53(101997). https://doi.org/10.1016/5.1jdrr.2020.101997

Joyce, K. E., Wright, K. C., Samsonov, S. V., & Ambrosia, V. G. (2009). Remote sensing and the
disaster management cycle. Advances in geoscience and remote sensing, 48(7), 317-346.
10.5772/8341

Joakim, E. P., & Wismer, S. K. (2015). Livelihood recovery after disaster. Development in
Practice, 25(3), 401-418. https://doi.org/10.1080/09614524.2015.1020764

Kafle, S. K. (2010). Integrated community based risk reduction: an approach to building disaster
resilient communities. In Annual International Workshop & Expo on Sumatra Tsunami
Disaster & Recovery (Vol. 17, p. 20). https://shorturl.at/uifOF

Kang, T. S., Oh, H. M., Lee, E. L., & Jeong, K. Y. (2018). Disaster vulnerability assessment in

114


https://doi.org/10.47853/FAS.2022.e20
https://www.google.com/search?q=https%3A%2F%2Fdoi.org%2F10.1016%2Fj.pdisas.2025.100423
https://doi.org/10.1016/j.ijdrr.2020.101997
https://doi.org/10.1080/09614524.2015.1020764
Mahamudul Hasan
Typewritten text
Dhaka University Institutional Repository


Dhaka University Institutional Repository

coastal areas of Korea. Journal of Coastal Research, 85(spl), 886—890.
https://doi.org/10.2112/SI185-178.1

Karim, M. F., & Mimura, N. (2008). Impacts of climate change and sea-level rise on cyclonic
storm surge floods in Bangladesh. Global Environmental Change, 18(3), 490-500.
https://doi.org/10.1016/j.gloenvcha.2008.05.002

Kazi, S., Urrutia, 1., van Ledden, M., Laboyrie, J. H., Verschuur, J., Haque Khan, Z.-ul., Jongejan,
R., Lendering, K., & Manchefio, A. G. (2022). Bangladesh: Enhancing coastal resilience in
a changing climate. World Bank, Washington, DC. https://doi.org/10.1596/38004

Kelman, I., & Glantz, M. H. (2015). Analyzing the Sendai Framework for Disaster Risk Reduction.
International Journal of  Disaster Risk Science, 6(2), 105-106.
https://doi.org/10.1007/s13753-015-0056-3

Khan, M. S. A. (2008). Disaster preparedness for sustainable development in Bangladesh. Disaster
Prevention and  Management: An  International  Journal, 17(5), 662-671.
https://doi.org/10.1108/09653560810918667

Kiris, S. (2013). Multi-criteria inventory classification by using a fuzzy analytic network process
(ANP) approach. Informatica, 24(2), 199-217.
https://doi.org/10.15388/Informatica.2013.392

Knutson, T. (2024, November 20). Global warming and hurricanes: An overview of current
research results. NOAA/Geophysical Fluid Dynamics Laboratory.
https://www.gfdl.noaa.gov/global-warming-and-hurricanes/

Knutson, T., Camargo, S. J., Chan, J. C. L., Emanuel, K., Ho, C. H., Kossin, J., Mohapatra, M.,
Satoh, M., Sugi, M., Walsh, K., & Wu, L. (2019). Tropical cyclones and climate change
assessment. Bulletin of the American Meteorological Society, 100(10), 1987-2007.
https://doi.org/10.1175/BAMS-D-18-0189.1

Knutson, T., Camargo, S. J., Chan, J. C. L., Emanuel, K., Ho, C., Kossin, J., Mohapatra, M., &
Satoh, M. (2020). Tropical Cyclones and Climate Change Assessment: Part II: Projected
response to Anthropogenic Warming. Bulletin of the American Meteorological Society, 303—
322. https://doi.org/10.1175/BAMS-D-18-0194.1

Knutson, T., Chung, M., Vecchi, G., Sun, J., Hsieh, T.-L., & Smith, A. (2021). Climate change is
probably increasing the intensity of tropical cyclones.
ScienceBrief. https://doi.org/10.5281/ZENODO.4570334

Kossin, J. P. (2018). A global slowdown of tropical-cyclone translation speed. Nature, 558, 104—
107. https://doi.org/10.1038/s41586-018-0158-3

115


https://www.google.com/search?q=https://doi.org/10.2112/SI85-178.1
https://doi.org/10.1016/j.gloenvcha.2008.05.002
https://doi.org/10.1596/38004
https://doi.org/10.1108/09653560810918667
https://www.google.com/search?q=https://doi.org/10.15388/Informatica.2013.392
https://doi.org/10.1038/s41586-018-0158-3
Mahamudul Hasan
Typewritten text
Dhaka University Institutional Repository


Dhaka University Institutional Repository

Kossin, J. P., Emanuel, K. A., & Vecchi, G. A. (2014). The poleward migration of the location of
tropical cyclone maximum intensity. Nature, 509(7500), 349-352.
https://doi.org/10.1038/nature13278

Kossin, J. P., Knapp, K. R., Olander, T. L., & Velden, C. S. (2020). Global increase in major
tropical cyclone exceedance probability over the past four decades. Proceedings of the
National Academy of Sciences, 117(22), 11975-11980.
https://doi.org/10.1073/pnas.1920849117

Landsea, C. W., Vecchi, G. A., Bengtsson, L., & Knutson, T. R. (2010). Impact of duration
thresholds on Atlantic tropical cyclone counts. Journal of Climate, 23(10), 2508-2519.
https://doi.org/10.1175/2009JCLI3034.1

Lee, S.-H. (2010). Using fuzzy AHP to develop intellectual capital evaluation model for assessing
their performance contribution in a university. Expert Systems with Applications, 37(7),
4941-4947. https://doi.org/10.1016/j.eswa.2009.12.020

Lewis, M., Bates, P., Horsburgh, K., Neal, J., & Schumann, G. (2013). A storm surge inundation
model of the northern Bay of Bengal using publicly available data. Quarterly Journal of the
Royal Meteorological Society, 139(671), 358-369. https://doi.org/10.1002/QJ.2040

Lewis, M., Horsburgh, K., & Bates, P. (2014). Bay of Bengal cyclone extreme water level estimate
uncertainty. Natural Hazards, 72(2), 983-996. https://doi.org/10.1007/S11069-014-1046-2

Li, K., & Li, G. S. (2013). Risk assessment on storm surges in the coastal area of Guangdong
Province. Natural Hazards, 68(2), 1129-1139. https://doi.org/10.1007/s11069-013-0682-2

Liou, T.-S., & Wang, M.-J. J. (1992). Ranking fuzzy numbers with integral value. Fuzzy Sets and
Systems, 50(3), 247-255. https://doi.org/10.1016/0165-0114(92)90223-Q

Lizarralde, G., Paez, H., Lopez, A., Lopez, O., Bornstein, L., Gould, K., Herazo, B., & Muifioz, L.
(2020). We said, they said: the politics of conceptual frameworks in disasters and climate
change in Colombia and Latin America. Disaster Prevention and Management: An
International Journal, 29(6), 909-928. https://doi.org/10.1108/DPM-01-2020-0011.

Mallick, B., Ahmed, B., & Vogt, J. (2017). Living with the risks of cyclone disasters in the south-
western coastal region of Bangladesh. Environments, 4(1), 13.
https://doi.org/10.3390/environments4010013

Mannan, S., Haque, D. M. E., & Sarker, N. C. D. (2021). A study on national DRR policy in
alignment with the SFDRR: Identifying the scopes of improvement for Bangladesh. Progress
in Disaster Science, 12, 100206. https://doi.org/10.1016/j.pdisas.2021.100206

116


https://doi.org/10.1038/nature13278
https://doi.org/10.1073/pnas.1920849117
https://doi.org/10.1175/2009JCLI3034.1
https://doi.org/10.1016/j.eswa.2009.12.020
https://doi.org/10.1007/s11069-013-0682-2
https://doi.org/10.1016/0165-0114(92)90223-Q
https://doi.org/10.1016/j.pdisas.2021.100206
Mahamudul Hasan
Typewritten text
Dhaka University Institutional Repository


Dhaka University Institutional Repository

Mansour, S. (2019). Geospatial modelling of tropical cyclone risks to the southern Oman coasts.
International Journal of  Disaster Risk Reduction, 40, 101151.
https://doi.org/10.1016/j.1jdrr.2019.101151

Masud-All-Kamal, M., Monaem, M. A., & Malak, M. A. (2025). Sociocultural and governance
barriers to cyclone evacuation in coastal Bangladesh. Journal of Disaster Science and
Management, 1(1), 17. https://doi.org/10.1007/s44367-025-00016-0

Mahmud, R., Murshed, S. B., Sakib, F. M., Shampa, & Salehin, M. (2026). Integrating forecast-
based action and government-led social protection programs for flood response. Progress in
Disaster Science, 29, 100506. https://doi.org/10.1016/j.pdisas.2025.100506

Matthews, T., Wilby, R. L., & Murphy, C. (2019). An emerging tropical cyclone—deadly heat
compound hazard. Nature Climate Change, 9(8), 602—606. https://doi.org/10.1038/s41558-
019-0525-6

Mazumdar, J., & Paul, S. K. (2018). A spatially explicit method for identification of vulnerable
hotspots of Odisha, India from potential cyclones. International Journal of Disaster Risk
Reduction, 27, 391-405. https://doi.org/10.1016/].1jdrr.2017.11.001

McLennan, J., & Birch, A. (2005). A potential crisis in wildfire emergency response capability?
Australia’s volunteer firefighters. Global Environmental Change Part B: Environmental
Hazards, 6(2), 101-107. https://doi.org/10.1016/j.hazards.2005.10.003

Ministry of Environment, Forest and Climate Change. (2019). National Afforestation Programme.
Government of India. https://naeb.nic.in/documents/NAP_intro.htm

Ministry of Disaster Management and Relief. (2021). Women empowerment in cyclone
preparedness programme (CPP). United Nations Public Service Awards (UNPSA)
Innovation Hub. https://publicadministration.un.org/unpsa/innovation-hub/Winners/2021-
winners/women_empowerment in_cyclone-preparedness

Mohanty, U. C., Mohapatra, M., Singh, O. P., Bandyopadhyay, B. K., & Rathore, L. S. (Eds.).
(2013). Monitoring and prediction of tropical cyclones in the Indian Ocean and climate
change. Springer. https://doi.org/10.1007/978-94-007-7720-0

Mohapatra, M., Sharma, M., Devi, S. S., Kumar, S. V. J., & Sabade, B. S. (2021). Frequency of
genesis and landfall of different categories of tropical cyclones over the North Indian Ocean.
MAUSAM, 72(1), 1-26. https://doi.org/10.54302/mausam.v72i1.119

Mohapatra, M., Geetha, B., Balachandran, S., & Rathore, L. S. (2015). On the tropical cyclone
activity and associated environmental features over North Indian Ocean in the context of
climate change. Journal of Climate Change, 1(1-2), 1-26. https://doi.org/10.3233/JCC-

117


https://doi.org/10.1016/j.ijdrr.2019.101151
https://doi.org/10.1007/s44367-025-00016-0
https://www.google.com/search?q=https%3A%2F%2Fdoi.org%2F10.1016%2Fj.ijdrr.2017.11.001
https://www.google.com/search?q=https://doi.org/10.1007/978-94-007-7720-0
https://doi.org/10.54302/mausam.v72i1.119
https://doi.org/10.3233/JCC-150001
Mahamudul Hasan
Typewritten text
Dhaka University Institutional Repository


Dhaka University Institutional Repository

150001

Moher, D., Liberati, A., Tetzlaff, J., Altman, D. G., & The PRISMA Group. (2009). Preferred
reporting items for systematic reviews and meta-analyses: The PRISMA statement. PLOS
Medicine, 6(7), €e1000097. https://doi.org/10.1371/journal.pmed.1000097

Nasreen, M. (2017, February 25). Challenges for disaster risk reduction. The Daily Star.
https://www.thedailystar.net/environment-and-climate-action/challenges-disaster-risk-
reduction-1367086

National Disaster Management Authority. (2008). National disaster management guidelines:
Management of cyclones. Government of India. https://www.ndma.gov.in/ndma-guidelines

National Disaster Management Authority. (2009). National Cyclone Risk Mitigation Project.
Government of India. https://ndmindia.mha.gov.in/ndmi/programs

National Oceanic and Atmospheric Administration. (2024). What is the difference between a
hurricane and a typhoon? National Ocean Service website,
https://oceanservice.noaa.gov/facts/cyclone.html, 06/16/24.

Needham, H. F., Keim, B. D., & Sathiaraj, D. (2015). A review of tropical cyclone-generated storm
surges: Global data sources, observations, and impacts. Reviews of Geophysics, 53(2), 545—
591. https://doi.org/10.1002/2014rg000477

Ogra, A., Donovan, A., Adamson, G., Viswanathan, K. R., & Budimir, M. (2021). Exploring the
gap between policy and action in disaster risk reduction: A case study from India.
International Journal of  Disaster Risk Reduction, 63, 102428.
https://doi.org/10.1016/j.1jdrr.2021.102428

Okunola, O. H., & Werners, S. E. (2024). A multi-dimensional framework for assessing disaster
recovery pathways: Lessons and experiences from Germany and Nigeria. International
Journal of Disaster Risk Reduction, 112,104777. https://doi.org/10.1016/j.1jdrr.2024.104777

Oloruntoba, R., Sridharan, R., & Davison, G. (2018). A proposed framework of key activities and
processes in the preparedness and recovery phases of disaster management. Disasters, 42(3),
541-570. https://doi.org/10.1111/disa.12268

Ozcelik, C., Gorokhovich, Y., & Doocy, S. (2012). Storm surge modelling with geographic
information systems: Estimating areas and population affected by cyclone Nargis.
International Journal of Climatology, 32(1), 95-107. https://doi.org/10.1002/joc.2252

Parvin, G. A., Sakamoto, M., Shaw, R., Nakagawa, H., & Sadik, M. S. (2019). Evacuation
scenarios of cyclone Aila in Bangladesh: Investigating the factors influencing evacuation

118


https://doi.org/10.3233/JCC-150001
https://www.google.com/search?q=https%3A%2F%2Fdoi.org%2F10.1371%2Fjournal.pmed.1000097
https://www.thedailystar.net/environment-and-climate-action/challenges-disaster-risk-reduction-1367086
https://www.thedailystar.net/environment-and-climate-action/challenges-disaster-risk-reduction-1367086
https://www.google.com/search?q=https%3A%2F%2Fdoi.org%2F10.1016%2Fj.ijdrr.2021.102428
https://doi.org/10.1016/j.ijdrr.2024.104777
https://doi.org/10.1111/disa.12268
Mahamudul Hasan
Typewritten text
Dhaka University Institutional Repository


Dhaka University Institutional Repository

decision and  destination.  Progress in  Disaster  Science, 2,  100032.
https://doi.org/10.1016/j.pdisas.2019.100032

Panda, S., Pati, K. K., Bhattacharya, M. K., Koley, H., Pahari, S., & Nair, G. B. (2011). Rapid
situation & response assessment of diarrhoea outbreak in a coastal district following tropical
cyclone AILA in India. The Indian Journal of Medical Research, 133(4), 395-400.
https://pme.ncbi.nlm.nih.gov/articles/PMC3103172/pdf/IJMR-133-395.pdf

Pattnaik, S. (2019). Multipurpose cyclone shelters and caste discrimination. Economic and
Political Weekly, 54(21), 13-14.
https://www.epw.in/journal/2019/21/commentary/multipurpose-cyclone-shelters-and-
caste.html

Paul, B. K. (2009). Why relatively fewer people died? The case of Bangladesh’s Cyclone Sidr.
Natural Hazards, 50(2), 289-304. https://doi.org/10.1007/s11069-008-9340-5

Paul, B. K., Rashid, H., Islam, M. S., & Hunt, L. M. (2010). Cyclone evacuation in bangladesh:
Tropical cyclones gorky (1991) vs. sidr (2007). Environmental Hazards, 9(1), 89—-101.
https://doi.org/10.3763/ehaz.2010.S104

Peters, E. J., & McEntire, D. A. (2010). Emergency Management in Australia: An innovative,
progressive and committed sector. Australian Journal of Emergency Management, 4, 16-18.

Pickering, C., & Byrne, J. (2014). The benefits of publishing systematic quantitative literature
reviews for PhD candidates and other early-career researchers. Higher Education Research
& Development, 33(3), 534-548. https://doi.org/10.1080/07294360.2013.841651

Poudel, D. P., Blackburn, S., Manandhar, R., Adhikari, B., Ensor, J., Shrestha, A., & Timsina, N.
P. (2023). The urban political ecology of ‘haphazard urbanisation’ and disaster risk creation
in the Kathmandu valley, Nepal. International Journal of Disaster Risk Reduction, 96,
103924. https://doi.org/10.1016/].1jdrr.2023.103924.

Puotinen, M. L. (2007). Modelling the risk of cyclone wave damage to coral reefs using GIS: A
case study of the Great Barrier Reef, 1969-2003. International Journal of Geographical
Information Science, 21(1), 97-120. https://doi.org/10.1080/13658810600852230

Quader, M. A., Khan, A. U., & Kervyn, M. (2017). Assessing risks from cyclones for human lives
and livelihoods in the coastal region of Bangladesh. International Journal of Environmental
Research and Public Health, 14(8), 831. https://doi.org/10.3390/ijerph1408083 1

Quader, M. A., Khan, A. U., Malak, M. A., & Kervyn, M. (2023). Mainstreaming decentralization
and collaboration in  disaster risk management: Insights from coastal
Bangladesh. International ~ Journal of Disaster Risk  Science, 14(3), 382-397.

119


https://doi.org/10.1016/j.pdisas.2019.100032
https://doi.org/10.1080/13658810600852230
Mahamudul Hasan
Typewritten text
Dhaka University Institutional Repository


Dhaka University Institutional Repository

https://doi.org/10.1007/s13753-023-00495-w

Rahman, M., Chen, N., Islam, M. M., Dewan, A., Pourghasemi, H. R., Washakh, R. M. A., Nepal,
N., Tian, S., Faiz, H., Alam, M., & Ahmed, N. (2021). Location-allocation modeling for
emergency evacuation planning with GIS and remote sensing: A case study of Northeast
Bangladesh. Geoscience Frontiers, 12(3), 101095. https://doi.org/10.1016/j.gs£.2020.09.022

Rahman, S., Sharmin, N., Rahat, A., & Rahman, M. (2024). Tropical cyclone warning and
forecasting system in Bangladesh: challenges, prospects, and future direction to adopt
artificial intelligence. Computational Urban Science, 4(1), 4. https://doi.org/10.1007/s43762-
023-00113-x

Raikes, J., Smith, T. F., Baldwin, C., & Henstra, D. (2022). The influence of international
agreements on disaster risk reduction. International Journal of Disaster Risk Reduction, 76,
102999. https://doi.org/10.1016/].1jdrr.2022.102999.

Reichstein, M., Benson, V., Blunk, J., Camps-Valls, G., Creutzig, F., Fearnley, C. J., Han, B.,
Kornhuber, K., Rahaman, N., Scholkopf, B., Tarraga, J. M., Vinuesa, R., Dall, K., Denzler,
J., Frank, D., Martini, G., Nganga, N., Maddix, D. C., & Weldemariam, K. (2025). Early
warning of complex climate risk with integrated artificial intelligence. Nature
Communications, 16(1), Article 2564. https://doi.org/10.1038/s41467-025-57640-w

Rocha, M., & Falduto, C. (2019). Key questions guiding the process of setting up long-term low-
emissions development strategies (OECD/IEA Climate Change Expert Group Papers No.
2019/04). OECD Publishing. https://www.academia.edu/download/80931732/54c2d2cc-

en.pdf

Roy, D. C., & Blaschke, T. (2015). Spatial vulnerability assessment of floods in the coastal regions
of  Bangladesh.  Geomatics,  Natural  Hazards and Risk, 6(1), 21-44.
https://doi.org/10.1080/19475705.2013.816785

Ruangpan, L., Vojinovic, Z., Di Sabatino, S., Leo, L. S., Capobianco, V., Oen, A. M. P., McClain,
M. E., & Lopez-Gunn, E. (2020). Nature-based solutions for hydro-meteorological risk
reduction: a state-of-the-art review of the research area. Natural Hazards and Earth System
Sciences, 20(1), 243-270. 10.5194/nhess-20-243-2020

Ruiz-Padillo, A., Ruiz, D. P., Torija, A. J., & Ramos-Ridao, A. (2016). Selection of suitable
alternatives to reduce the environmental impact of road traffic noise using a fuzzy multi-

criteria decision model. Environmental Impact Assessment Review, 61, 8-18.
https://doi.org/10.1016/j.eiar.2016.06.003

Saaty, T. L. (1996). Decision making with dependence and feedback: The analytic network
process (Vol. 4922, No. 2). Pittsburgh: RWS publications.

120


https://doi.org/10.1016/j.gsf.2020.09.022
https://doi.org/10.1007/s43762-023-00113-x
https://doi.org/10.1007/s43762-023-00113-x
https://doi.org/10.1038/s41467-025-57640-w
https://www.academia.edu/download/80931732/54c2d2cc-en.pdf
https://www.academia.edu/download/80931732/54c2d2cc-en.pdf
https://doi.org/10.5194/nhess-20-243-2020?urlappend=%3Futm_source%3Dresearchgate.net%26utm_medium%3Darticle
https://doi.org/10.1016/j.eiar.2016.06.003
Mahamudul Hasan
Typewritten text
Dhaka University Institutional Repository


Dhaka University Institutional Repository

Saaty, T. L. (2008). Decision making with the analytic hierarchy process. International journal of
services sciences, 1(1), 83-98. 10.1504/1JSSCI.2008.017590

Saaty, T. L., & Vargas, L. G. (2006). The analytic network process. In Decision making with the
analytic network process (pp. 1-26). Springer. https://doi.org/10.1007/0-387-33987-6 1

Sabur, A. K. M. A. (2012). Disaster Management System in Bangladesh: An Overview. India
Quarterly, 68(1), 29-47. https://doi.org/10.1177/097492841106800103

Sadiq, A.-A., Dougherty, R. B., Tyler, J., & Entress, R. (2023). Public alert and warning system
literature review in the USA: identifying research gaps and lessons for practice. Natural
Hazards, 117(2), 1711-1744. https://doi.org/10.1007/s11069-023-05926-x

Sahoo, B., & Bhaskaran, P. K. (2018). Multi-hazard risk assessment of coastal vulnerability from
tropical cyclones: A GIS-based approach for the Odisha coast. Journal of Environmental
Management, 206, 1166—1178. https://doi.org/10.1016/j.jenvman.2017.10.075

Sakizadeh, M., Mohamed, M.M.A. & Klammler, H. (2019). Trend analysis and spatial prediction
of groundwater levels using time series forecasting and a novel spatio-temporal method.
Water Resources Management, 33(4), 1425-1437. https://doi.org/10.1007/s11269-019-
02208-9

Sarwar, M. G. M., & Woodroffe, C. D. (2013). Rates of shoreline change along the coast of
Bangladesh. Journal of Coastal Conservation, 17(3), 515-526.
https://doi.org/10.1007/s11852-013-0251-6

Seneviratne, S. 1., Zhang, X., Adnan, M., Badi, W., Dereczynski, C., Di Luca, A., Ghosh, S.,
Iskandar, 1., Kossin, J., Lewis, S., Otto, F., Pinto, 1., Satoh, M., Vicente-Serrano, S. M.,
Wehner, M., Zhou, B., & Allan, R. (2021). Weather and climate extreme events in a changing
climate. In V. Masson-Delmotte, P. Zhai, A. Pirani, S. L. Connors, C. Péan, S. Berger, N.
Caud, Y. Chen, L. Goldfarb, M. I. Gomis, M. Huang, K. Leitzell, E. Lonnoy, J. B. R.
Matthews, T. Maycock, T. Waterfield, O. Yeleke¢i, R. Yu, & B. Zhou (Eds.), Climate Change
2021: The Physical Science Basis. Contribution of Working Group I to the Sixth Assessment
Report of the Intergovernmental Panel on Climate Change (pp. 1513-1766). Cambridge
University Press. https://doi.org/10.1017/9781009157896.013

Shamsuzzoha, M., Shaw, R., & Ahamed, T. (2024). Machine learning system to assess rice crop
change detection from satellite-derived RGVI due to tropical cyclones using remote sensing
dataset. Remote Sensing Applications: Society and Environment, 35, Article 101201.
https://doi.org/10.1016/j.rsase.2024.101201

Shaw, R., Islam, A., & Mallick, F. (2013). National perspectives of disaster risk reduction in
Bangladesh. In R. Shaw, F. Mallick, & A. Islam (Eds.), Disaster risk reduction approaches

121


https://doi.org/10.1504/IJSSCI.2008.017590
https://doi.org/10.1007/0-387-33987-6_1
https://doi.org/10.1007/s11069-023-05926-x
https://www.google.com/search?q=https%3A%2F%2Fdoi.org%2F10.1016%2Fj.jenvman.2017.10.075
https://www.google.com/search?q=https://doi.org/10.1017/9781009157896.013
https://doi.org/10.1016/j.rsase.2024.101201
Mahamudul Hasan
Typewritten text
Dhaka University Institutional Repository


Dhaka University Institutional Repository

in Bangladesh (pp. 33-51). Springer. https://doi.org/10.1007/978-4-431-54252-0 3

Singh, S. K. (2010). Community-Based Cyclone Preparedness Programme in Bangladesh: An
Overview.  Asia-Pacific =~ Journal  of  Rural  Development,  20(1), 1-18.
https://doi.org/10.1177/1018529120100101

Sobel, A. H., Camargo, S. J., Hall, T. M., Lee, C.-Y., Tippett, M. K., & Wing, A. A. (2016). Human
influence on  tropical cyclone intensity.  Science, 353(6296), 242-246.
https://doi.org/10.1126/science.aaf6574

Sonet, M. S., Hasan, M. Y., Chakma, S., & Kafy, A. Al. (2024). Assessing tropical cyclone impacts
in coastal Bangladesh: A change detection analysis on cyclone Bulbul using geospatial
analysis and remote sensing techniques. International Journal of Disaster Risk Reduction,
112, 104726. https://doi.org/10.1016/j.1jdrr.2024.104726

Sony, M. M. A. A. M., Hasan, M. K., & Roy, T. (2023). Coping with disasters: Changing patterns
of disaster risk reduction activities in the southwestern coastal areas of Bangladesh. SN Socia/
Sciences, 3, 202. https://doi.org/10.1007/s43545-023-00791-8

Srivastava, A., & Kanji, R. (2020). Training module on cyclone risk management. Gujarat Institute
of Disaster Management. https://www.preventionweb.net/publication/training-module-
cyclone-risk-managemen

Sujatha, E. R., & Sridhar, V. (2017). Mapping debris flow susceptibility using analytical network
process in Kodaikkanal Hills, Tamil Nadu (India). Journal of Earth System Science, 126,
Article 116. https://doi.org/10.1007/s12040-017-0899-7

Sun, H., Cheng, X., & Dai, M. (2016). Regional flood disaster resilience evaluation based on
analytic network process: a case study of the Chaohu Lake Basin, Anhui Province, China.
Natural Hazards, 82(1), 39-58. https://doi.org/10.1007/s11069-016-2178-3

Syed, M. A., Shrestha, M. S., & Khadgi, V. (2021). Last mile communication of multihazard early
warning—A case study on Bangladesh. In Disaster resilience and sustainability: Adaptation
for sustainable development (pp. 725-765). Elsevier. https://doi.org/10.1016/B978-0-323-
85195-4.00002-0

Tanner, T., Gray, B., Guigma, K., Igbal, J., Levine, S., MacLeod, D., Nahar, K., Rejve, K., &
Cabot Venton, C. (2019). Scaling up early action: Lessons, challenges and future potential
in Bangladesh (ODI Working Paper No. 547). Overseas Development Institute.
https://cdn.odi.org/media/documents/12641.pdf

Taubenbdck, H., Post, J., Roth, A., Zosseder, K., Strunz, G., & Dech, S. (2008). A conceptual
vulnerability and risk framework as outline to identify capabilities of remote sensing. Natural

122


https://doi.org/10.1007/978-4-431-54252-0_3
https://www.google.com/search?q=https://doi.org/10.1126/science.aaf6574
https://doi.org/10.1016/j.ijdrr.2024.104726
https://doi.org/10.1007/s12040-017-0899-7
https://doi.org/10.1007/s11069-016-2178-3
https://cdn.odi.org/media/documents/12641.pdf
Mahamudul Hasan
Typewritten text
Dhaka University Institutional Repository


Dhaka University Institutional Repository

Hazards and Earth System Sciences, 8(3), 409—420. https://doi.org/10.5194/nhess-8-409-
2008

Tay, H. L., Banomyong, R., Varadejsatitwong, P., & Julagasigorn, P. (2022). Mitigating Risks in
the Disaster Management Cycle. Advances in Civil Engineering, 2022(1), 7454760.
https://doi.org/10.1155/2022/7454760

Uddin, M. M., Al-Amin, M., & Akter, S. (2022). Exploring Bangladesh disaster management's
institutional and policy challenges: A critical review. Indiana Journal of Economics and
Business Management, 2(5), 11-19. https://doi.org/10.5281/zenodo.7267722

Uddin, M. J., Li, Y., Cheung, K. K., Nasrin, Z. M., Wang, H., Wang, L., & Gao, Z. (2019). Rainfall
contribution of tropical cyclones in the Bay of Bengal between 1998 and 2016 using TRMM
satellite data. Atmosphere, 10(11),699. https://doi.org/10.3390/atmos10110699

United Nations Development Programme (UNDP). (2019, November 14). Volunteers protect the
community from the impact of cyclone Bulbul.

https://www.undp.org/bangladesh/stories/volunteers-protect-community-impact-cyclone-
bulbul

United Nations Office for Disaster Risk Reduction. (2015). Sendai Framework for Disaster Risk
Reduction 2015-2030. UNDRR. https://www.undrr.org/publication/sendai-framework-
disaster-risk-reduction-2015-2030

United Nations Office for Disaster Risk Reduction. (2020). Disaster Risk Reduction in
Bangladesh: Status Report 2020. Bangkok, Thailand, United Nations Office for Disaster Risk
Reduction = (UNDRR), Regional  Office for  Asia and the  Pacific.
https://reliefweb.int/report/bangladesh/disaster-risk-reduction-bangladesh-status-report-
2020

United Nations Office for Disaster Risk Reduction and World Meteorological Organization
(2024). Global Status of Multi-Hazard Early Warning Systems. Geneva, Switzerland.
https://library.wmo.int/viewer/69085/download?file=Global-Status-of-MHEWS-

2024 en.pdf&type=pdf&navigator=1

United Nations Office for the Coordination of Humanitarian Affairs. (2025, May 13). Anticipatory
action framework: Bangladesh cyclones — 2025 version.
https://www.unocha.org/publications/report/bangladesh/anticipatory-action-framework-
bangladesh-cyclones-2025-version

United Nations International Strategy for Disaster Reduction. (2009). UNISDR terminology on
disaster risk reduction. https://www.undrr.org/quick/10973

123


https://doi.org/10.5194/nhess-8-409-2008
https://doi.org/10.5194/nhess-8-409-2008
https://doi.org/10.5281/zenodo.7267722
https://www.undp.org/bangladesh/stories/volunteers-protect-community-impact-cyclone-bulbul
https://www.undp.org/bangladesh/stories/volunteers-protect-community-impact-cyclone-bulbul
https://www.unocha.org/publications/report/bangladesh/anticipatory-action-framework-bangladesh-cyclones-2025-version
https://www.unocha.org/publications/report/bangladesh/anticipatory-action-framework-bangladesh-cyclones-2025-version
https://www.undrr.org/quick/10973
Mahamudul Hasan
Typewritten text
Dhaka University Institutional Repository


Dhaka University Institutional Repository

United Nations Office for Disaster Risk Reduction. (2025). UNDRR 2024 Annual Report.
UNDRR. https://www.undrr.org/annual-report/2024

UNISDR. (2008). Environment and disaster reduction: emerging perspectives.
https://www.undrr.org/quick/11027

Van Genuchten, E. (2024). How Climate Change Impacts Cyclone Intensity. In 4 Guide to a
Healthier Planet, Volume 2: Scientific Insights and Actionable Steps to Help Resolve Climate,
Pollution and Biodiversity Issues (Vol. 2, pp. 3-11). Springer Nature Switzerland.
https://doi.org/10.1007/978-3-031-60128-6 1

Van Westen, C. J. (2013). Remote sensing and GIS for natural hazards assessment and disaster
risk management. In J. F. Shroder (Ed.), Treatise on geomorphology (pp. 259-298).
Academic Press. https://doi.org/10.1016/B978-0-12-374739-6.00051-8

Vermiglio, C., Noto, G., Rodriguez Bolivar, M. P., & Zarone, V. (2022). Disaster management
and emerging technologies: a performance-based perspective. Meditari Accountancy
Research, 30(4), 1093—1117. https://doi.org/10.1108/MEDAR-02-2021-1206

Wahiduzzaman, M., & Yeasmin, A. (2024). An assessment of tropical cyclone frequency in the
Bay of Bengal and its impact on coastal Bangladesh. Coasts, 4(3), 594—608.
https://doi.org/10.3390/coasts4030030

Wang, B., Xu, Y., & Bi, B. (2007). Forecasting and warning of tropical cyclones in China. Data
Science Journal, 6, 723-737. https://www.jstage.jst.go.jp/article/dsj/6/0/6_0 S723/ pdf

Wang, C. 1., Chen, K. L., Huang, C. C., & Cheng, S. H. (2012). Effectiveness of reconstruction
and migration of residents following Typhoon Morakot: Examining Kaohsiung City’s
Shanlin Da Ai Community, Xiaolin Village, and Maya Village. Society for Social
Management Systems Internet Journal, 8. https://ssms.jp/img/files/2019/04/sms12_0432.pdf

Wang, Y.-M., & Elhag, T. M. S. (2006). On the normalization of interval and fuzzy weights. Fuzzy
Sets and Systems, 157(18), 2456-2471. https://doi.org/10.1016/j.fss.2006.06.008

Wang, Y., Satoh, M., Zhan, R., Zhao, J., & Xie, S. (2025). Tropical sea surface warming patterns
and tropical cyclone activity: A review. Advances in Atmospheric Sciences, 42, 1996-2017.
https://doi.org/10.1007/s00376-025-5114-1

Ward, P. J., Marfai, M. A., Yulianto, F., Hizbaron, D. R., & Aerts, J. C. J. H. (2011). Coastal
inundation and damage exposure estimation: A case study for Jakarta. Natural Hazards,
56(3), 899-916. https://doi.org/10.1007/s11069-010-9599-1

Weinkle, J., Maue, R., & Pielke Jr., R. (2012). Historical global tropical cyclone landfalls. Journal

124


https://doi.org/10.1007/978-3-031-60128-6_1
https://doi.org/10.3390/coasts4030030
https://doi.org/10.1016/j.fss.2006.06.008
https://doi.org/10.1007/s00376-025-5114-1
Mahamudul Hasan
Typewritten text
Dhaka University Institutional Repository


Dhaka University Institutional Repository

of Climate, 25(13), 4729-4735. https://doi.org/10.1175/JCLI-D-11-00719.1

World Meteorological Organization. (2005). Guidelines on Weather Broadcasting and the Use of
Radio for the Delivery of Weather Information (PWS No. 12). World Meteorological
Organization. https://library.wmo.int/idurl/4/30432

World Meteorological Organization. (2024). Tropical cyclone climatology. World Meteorological
Organization. https://wmo.int/resources/wmo-fact-sheets/tropical-cyclone-climatology

World Meteorological Organization. (2020). State of Climate Services 2020 Report [Video].
October 13, 2020. https://wmo.int/media/15912

World Bank. (2014). Recovery and reconstruction planning in the aftermath of Typhoon Haiyan
(Yolanda) (Vol. 148). https://documents.worldbank.org

Wu, C.-I., Kung, H.-Y., Chen, C.-H., & Kuo, L.-C. (2014). An intelligent slope disaster prediction
and monitoring system based on WSN and ANP. Expert Systems with Applications, 41(10),
4554-4562. https://doi.org/10.1016/j.eswa.2013.12.049

Xuan, Y. (2005). Emergency plan of national natural disaster assistance. Disaster Reduct China,
9, 7-9.

Yadav, D. K., & Barve, A. (2019). Prioritization of cyclone preparedness activities in humanitarian
supply chains using fuzzy analytical network process. Natural Hazards, 97(2), 683—726.
https://doi.org/10.1007/s11069-019-03668-3

Yi, W., Cheong, T. S., Jin, K., & Miller, G. C. (2009). Report on UN ESCAP/WMO Typhoon
Committee members disaster management system (WMO/TD-No. 1476). National Institute
for Disaster Prevention (NIDP). https://library.wmo.int/viewer/48951/download?file=wmo-
td 1476 en.pdf&type=pdf&navigator=1

Yi, L., Ge, L., Zhao, D., Zhou, J., & Gao, Z. (2012). An analysis on disasters management system
in China. Natural Hazards, 60(2), 295-3009. https://doi.org/10.1007/s11069-011-0011-6

Yin, J., Yin, Z., & Xu, S. (2013). Composite risk assessment of typhoon-induced disaster for
China’s coastal area. Natural hazards, 69(3), 1423-1434. https://doi.org/10.1007/s11069-
013-0755-2

Younus, M. A. F. (2014). Vulnerability and adaptation to climate change in Bangladesh:
Processes, assessment and effects. Springer. https://doi.org/10.1007/978-94-007-5494-2

Yiiksel, 1., & Dagdeviren, M. (2010). Using the fuzzy analytic network process (ANP) for
Balanced Scorecard (BSC): A case study for a manufacturing firm. Expert systems with

125


https://doi.org/10.1175/JCLI-D-11-00719.1
https://doi.org/10.1016/j.eswa.2013.12.049
https://doi.org/10.1007/s11069-019-03668-3
https://doi.org/10.1007/s11069-011-0011-6
https://doi.org/10.1007/978-94-007-5494-2
Mahamudul Hasan
Typewritten text
Dhaka University Institutional Repository


Dhaka University Institutional Repository

applications, 37(2), 1270-1278. 10.1016/j.eswa.2009.06.002

Zaim, S., Sevkli, M., Camgo6z-Akdag, H., Demirel, O. F., Yayla, A. Y., & Delen, D. (2014). Use
of ANP weighted crisp and fuzzy QFD for product development. Expert systems with
applications, 41(9), 4464-4474. 10.1016/j.eswa.2014.01.008

Zakaria, M., Islam, M. A., & Seeger, M. W. (2025). Enhancing evacuation resilience: The impact
of communication on shaping perceptions toward cyclone shelter and evacuation behavior
among at-risk coastal communities. International Journal of Disaster Risk Reduction, 130,
105867. https://doi.org/10.1016/5.1jdrr.2025.105867

Zaman, T., Tahsin, K. T., Rousseau Rozario, S., Kamal, A. B., Khan, R. M., Hugq, S., & Bodrud-
Doza, M. (2022). An overview of disaster risk reduction and anticipatory action in
Bangladesh. Frontiers in Climate, 4, 944736. https://doi.org/10.3389/fclim.2022.944736

Zaman, T. A. B., Haque, T., Gupta, H. Sen, Sameer, M., & Nofal, O. (2025). Computational review
of disaster resilience research in Bangladesh. Progress in Disaster Science, 28, 100486.
https://doi.org/10.1016/j.pdisas.2025.100486

Zevenbergen, C., Khan, S. A., van Alphen, J., Terwisscha van Scheltinga, C., & Veerbeek, W.
(2018). Adaptive delta management: a comparison between the Netherlands and Bangladesh
Delta Program. International Journal of River Basin Management, 16(3), 299-305.
https://doi.org/10.1080/15715124.2018.1433185

126


https://doi.org/10.1016/j.eswa.2009.06.002
https://doi.org/10.1016/j.eswa.2014.01.008
https://www.google.com/search?q=https://doi.org/10.3389/fclim.2022.944736
https://doi.org/10.1016/j.pdisas.2025.100486
Mahamudul Hasan
Typewritten text
Dhaka University Institutional Repository


Dhaka University Institutional Repository

Declaration

I, the undersigned, declare that the thesis titled “Development of Disaster Demand Matrix for
Bangladesh” is my original research work and has not been submitted anywhere else. The

plagiarism report (attached at the end) indicated a similarity index of only 7% (seven percent).

I, the candidate, take full responsibility for the final version, content, and academic merit of my
doctoral thesis, ensuring its quality, integrity, and compliance with established scholarly standards

(similarity index).

iz

Md. Golam Kibria

Ph.D. Student

Department of Disaster Science and Climate Resilience
University of Dhaka

Registration No.: 03/2020-2021

127


Mahamudul Hasan
Typewritten text
Dhaka University Institutional Repository


Dhaka University Institutional Repository

Similarity Index Report

v iThenticate

Md Golam Kibria

Development of Disaster Demand Matrix for Bangladesh

Document Details

trnzoid:3117:577435738 \ 138 Pages

n Date 35,451 Words

Apr 12, 2026, 2:15 PM GMT+6
218,509 Characters

¢ Date

Apr 12, 2026, 2:20 PM GMT+6

File Name

Kibria PhD Thesis_V4_11042026 (2).docx

3.0MB

ke
12 APR 2026
Prof. Dr. Kazi Mostak Gausul Hoq
+ iThenticate  Page 1 of 144 - Cover Page T e (In-charge) Sy

University of Dhaka

128


Mahamudul Hasan
Typewritten text
Dhaka University Institutional Repository


Dhaka University Institutional Repository

7% Overall ¢ lmllarn'y _ i
mmwummmmw@mm%um% |
Flltered from the Report . g 4

' "NWGW an

‘stches with fieither inewt ¢itation nor quotation marks

.m“‘ﬁ‘mmmmﬂuw
..nmnomm ‘ B
5 3hat have QuOtation marks, Ut 10 In-text citation B =

"tmmwm i
WWMMMmmmmm U

129


Mahamudul Hasan
Typewritten text
Dhaka University Institutional Repository


+ iThenticate Page 1 of 144 - Cover Page

Md Golam Kibria

Dhaka University Institutional Repository

SubmissionID  trn:oid:::3117:577435738

Development of Disaster Demand Matrix for Bangladesh

€ University of Dhaka

Document Details

Submission ID

trn:0id:::3117:577435738

Submission Date

Apr 12, 2026, 2:15 PM GMT+6

Download Date

Apr 12, 2026, 2:20 PM GMT+6

File Name

Kibria PhD Thesis_V4_11042026 (2).docx

File Size

3.0MB

+ iThenticate Page 1 of 144 = Cover Page

130

138 Pages

35,451 Words

218,509 Characters

Submission ID  trn:0id:::3117:577435738


Mahamudul Hasan
Typewritten text
Dhaka University Institutional Repository


+ iThenticate

Page 2 of 144 - Integrity Overview

7% Overall Similarity

The combined total of all matches, including overlapping sources, for each database.

Filtered from the Report

» Bibliography
» Quoted Text

» Small Matches (less than 14 words)

Match Groups

. 60 Not Cited or Quoted 4%

6%
Matches with neither in-text citation nor quotation marks 6%
. 46 Missing Quotations 3% 0%

Matches that are still very similar to source material

0 Missing Citation 0%
Matches that have quotation marks, but no in-text citation

0 Cited and Quoted 0%
Matches with in=text citation present, but no quotation marks

@

Integrity Flags
1 Integrity Flag for Review

[ Replaced Characters
40 suspect characters on 19 pages

Letters are swapped with similar characters from another alphabet.

Dhaka University Institutional Repository

Submission ID  trn:o0id:::3117:577435738

Top Sources

@ Internet sources
W Publications

2 Submitted works (Student Papers)

Our system's algorithms look deeply at a document for any inconsistencies that
would set it apart from a normal submission. If we notice something strange, we flag
it for you to review.

A Flag is not necessarily an indicator of a problem. However, we'd recommend you

focus your attention there for further review.

+ iThenticate

Page 2 of 144 = Integrity Overview

131

SubmissionID trn:oid:::3117:577435738


Mahamudul Hasan
Typewritten text
Dhaka University Institutional Repository


Dhaka University Institutional Repository

+ iThenticate Page 3 of 144 - Integrity Overview SubmissionID  trn:oid:::3117:577435738
Match Groups Top Sources
. 60 Not Cited or Quoted 4% 6% @ Internet sources

Matches with neither in-text citation nor quotation marks 6% W Publications

. 46 Missing Quotations 3% 0% & Submitted works (Student Papers)
Matches that are still very similar to source material

= 0 Missing Citation 0%
Matches that have quotation marks, but no in-text citation

€ 0 Cited and Quoted 0%
Matches with in-text citation present, but no quotation marks

Top Sources

The sources with the highest number of matches within the submission. Overlapping sources will not be displayed.

Internet

link.springer.com 1%
° Internet

repository.library.du.ac.bd:8080 <1%
Internet

www.tandfonline.com <1%
° Publication

Tanmay Das, Swapan Talukdar, Shahfahad, Mohd Waseem Naikoo, Ishita Afreen ... <1%
° Publication

Devendra K. Yadav, Akhilesh Barve. "Prioritization of cyclone preparedness activit... <1%
o Internet

vibdoc.com <1%
Internet

coek.info <1%
o Publication

Grace Muir, Aaron Opdyke. "Deconstructing disaster risk creation discourses"”, Int... <1%
o Internet

www.oapub.org <1%
o Internet

www.onecaribbean.org <1%
+ iThenticate Page 3 of 144 = Integrity Overview Submission ID trn:oid::3117:577435738

132


Mahamudul Hasan
Typewritten text
Dhaka University Institutional Repository


Dhaka University Institutional Repository

+ iThenticate  Page 4 of 144-Integrity Overview Submission ID trm:old:3117:577435738

o Publlication

Md. Rezuanul Islam. "Tropical cycdlones in Bangladesh: retrospective analysis of st... <1%
o Internet

opus.lib.uts.edu.au <1%
©Q e

shieldias.in <1%
o Internet

bibliotecadigital.univalle.edu.co <1%
o Publication

Julie Drolet. "Disasters in Social, Cultural and Political Context", Elsevier BV, 2015 <1%
o Publication

Kamrul Hossain, Lena Maria Nilsson, Thora Martina Herrmann. "Food Security in ... <1%
Publication

Hande Aladag, Zeynep Isik. "Design and construction risks in BOT type mega tran... <1%
©Q e

adoc.pub <1%
o Internet

ebin.pub <1%
©Q e

www.mdpi.com <1%
o

moam.info <1%
e Publication

Muhammad Al-Amin Hoque, Stuart Phinn, Chris Roelfsema. "A systematic review ... <1%
o

digitalcommons.wofford.edu <1%
o Publication

Tanmoy Das, Swapan Talukdar, Shahfahad, Mohd Waseem Naikoo, Ishita Afreen ... <1%
+ iThenticate Page 4 of 144 - Integrity Overview Submission ID trnioid:=3117:577435738

133


Mahamudul Hasan
Typewritten text
Dhaka University Institutional Repository


