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ABSTRACT 
The coastal zone of Bangladesh is highly vulnerable to extreme climate and 
environmental hazards. The severity or consequences of hazard depends on its nature 
along with the exposure of human and natural systems and vulnerability. Vulnerability 
and risk assessments help devise proper risk management plans focusing on reducing or 
modifying components of risks. But vulnerability and risk assessment needs to be carried 
out at appropriate scale as the components of risk vary with scale. The objective of this 
study was to conduct coastal risk and vulnerability assessment for three different scales: 
regional scale (coastal zone excluding Chittagong and Cox’s Bazar districts), sub-regional 
scale (Koyra upazila, Khulna district) and local scale (Bagali union, Koyra upazila). 
Central to the methodology was the use of IPCC AR5 approach, which defines ‘risk’ as 
an outcome of the interaction between ‘hazards’, ‘exposure’ and ‘vulnerability’. 
Respective indicators were selected based on secondary literature, expert opinion, data 
availability and local stakeholders’ opinion. Relative importance of indicators and 
domains were determined by Principal Component Analysis (PCA) for regional scale 
analysis. Analytical Hierarchy Process (AHP) was used for smaller scale analyses. 
Multi-scale assessment allows stakeholder derived and weighted parameters, which are 
more relevant at the local scale. For example, Sundarbans dependent livelihood and early 
warning system were identified as more relevant by local stakeholders. Also, regional 
assessment tends to mask important local scale processes, which are captured by local 
scale assessment. For example, Koyra upazila was found to have almost zero erosion at 
regional scale, whereas it is the biggest concern in all unions of the upazila. This has 
considerable policy implications in the context of prioritizing investments for hazard 
mitigation.  
Variations in weights against indicators and vulnerability domains were found across 
different scales, as local peoples’ perceptions captured in AHP differed from PCA derived 
weights. For example, education domain was ranked first (weightage 0.1990) at the 
regional scale whereas housing and infrastructure was ranked first at the sub-regional and 
local scales (weightage 0.3368). Similarly, livelihood domain received much higher 
weightage (ranked third with weightage value 0.1351) at the smaller scales because of the 
very high livelihood dependency on agriculture and Sundarbans dependent activities. In 
contrast, livelihood was ranked bottom at the regional scale (weightage 0.0213). These 
have implication in that investment at the local scale ought to have also major focus on 
housing and infrastructure improvement and livelihood improvement. 
The scale of assessment can determine the outcome; an area can be regarded as highly 
vulnerable at one scale, but differently at another scale, and an area with moderate multi- 
hazard value at one scale may have different multi-hazard value at another scale. For 
example, in Koyra upazila, multi-hazard, exposure and vulnerability values are 38.39, 
24.35 and 66.51 respectively in regional scale of analysis while the same are 63.126, 
44.495 and 52.884 in sub-regional scale assessment, respectively. The high multi-hazard 
value in Koyra is because of better representation of hazards and use of stakeholder 
derived weightage at the smaller scales. Hence, investments would also receive priority 
at the local scale for Koyra in terms of hazard mitigation. 
In summary, the results highlight the value of a nested approach to index development 
and reinforces the importance of scale in determining policy response to vulnerability. 
The regional scale indices could be used in regional development planning in the context 
of reduction of risk components. At the local level, the detail of the indices makes it 
possible to identify specific investments/ interventions. The indices at the three scales 
may allow users to make tradeoffs appropriate to their needs by choosing the most suitable 
index scale and thus try to ensure better utilization of resources. 
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CHAPTER ONE 

INTRODUCTION 
 

1.1 Background of the Study 

Climate change is not simply a rising of global average temperature. It is one of the prime 

environmental concerns that possess threat to socio-economic development as well as on 

human existence. Bangladesh is considered as one of the most vulnerable countries in the 

Global Climate Risk Index (CRI) developed by Germanwatch which informs countries' 

exposure and vulnerability to climate-related risks after it has been listed as one of the 

most affected countries in the period of 1992-2011 (Kreft et al., 2014). It is highly 

vulnerable to the impact of climate change owing to its unique geographic location 

(located in the downstream of Ganges-Brahmaputra-Meghna Basins), low lying and 

almost flat (80%) topography, high population density, high poverty rate, and 

overwhelming dependency on natural resources (Fung et al., 2006). Besides, the 

anticipated Sea Level Rise (SLR) is expected to increase coastal risk, via enhancement of 

salinity intrusion, fluvio-tidal flooding, erosion, loss of agricultural land, and ecological 

imbalance.  

The severity of any natural or manmade disaster depends not only on the nature of climate 

hazards and the resilience of natural ecosystems, but also on factors such as the degree of 

socio-economic development, social inequalities, human adaptive capacities, health 

status and health services, demographic characteristics, economic livelihood alternatives 

etc. Therefore, socio-economic information is an integral part of assessing impacts and 

vulnerability to disaster. Vulnerability assessment helps decision-makers in government, 

donor agencies and non–governmental organization to work for vulnerable people for 

proper risk management, preparedness and critical decision making. Risks are considered 

“key” when societies and systems exposed are impacted by high hazard or characterized 

by high vulnerability, or both. It is the outcome of the interaction of climate-related 

hazards with the vulnerability and exposure of human and natural systems, as envisioned 

in IPCC Fifth Assessment Report AR5 (Field, 2014). Hazards are linked to both natural 

climate variability and climate change, while vulnerability and exposure are the result of 

socio-economic pathways and societal conditions, including adaptation and mitigation 

actions. 
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Coastal risk must be addressed at appropriate scale (there is no ‘one size fits all’ index) 

as the components that contribute to risk and vulnerability, the data availability and type, 

and the utility of the approach vary with scale (McLaughlin and Cooper, 2010). Smaller 

spatial scales generally contain more detailed and specific information. There are 

sometimes more indicators available to evaluate specific risk and vulnerability of the local 

people than that of the regional scale (Balica et al., 2009). However, some parameters 

relevant for regional scale may not be relevant at local scale as data are of insignificant 

resolution (Satta et al., 2015). For example, if salinity or tidal amplitude is considered as 

one of the hazard parameter it will vary across the regional scale while its variation will 

be minimum at local scale. At the local level, more detailed information is usually 

available and participatory approach of data collection can be applied which will face 

time and financial constraints for larger scale. A nested approach is of great value where 

national/ regional scale assessments are useful for formulation of policies and 

prioritization of resources, while local scale assessments help implement practical 

response to coastal hazards or help devise a local scale development and management 

plan (Satta et al., 2015; Fekete et al., 2010; McLaughlin and Cooper, 2010). So multi-

scale risk assessment is important to give an insight for local and regional level risk and 

vulnerability.  

A local authority’s ability to develop an adaptive strategy based on national level data 

would be severely constrained as real variations within the local authority area may be 

masked by simplification. At the national level, in contrast, allocation of resources is 

required in order to develop adaptation strategies in those areas of higher risk. 

An Index-based method is one of the most commonly used and straightforward methods 

to assess coastal vulnerability and risk to climate driven impacts. The Index results can 

be displayed on maps to highlight regions where the climate drivers that contribute to 

coastal hazards may have the greatest potential to increase risk and vulnerability of the 

coastal people.  The coastal Vulnerability Index, and other indices and indicators, can be 

useful in addressing different policy purposes related to coastal vulnerability and in 

particular to highlight the most “critical” regions (Ramieri et al., 2011).  

Since coastal management is undertaken by organizations/institutions operating at 

various spatial scales, for indices to be useful they must address coastal vulnerability or 

risk at an appropriate scale. 
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At national level, policy and the prioritization of resources are often based on national 

level assessments. The practical response to coastal hazards is, however, most commonly 

implemented at the local level. 

In an ideal world, indices would be based on local level information that is aggregated 

and simplified as larger scales are considered. However, this is not always feasible in 

terms of data availability, storage and processing, and in terms of the time scale needed 

to undertake such a study. 

It is not possible to scale down a macro scale index, as it is impossible to gain further 

detail from already generated data.  

Several studies have focused on risk and vulnerability analysis for single hazard in 

Bangladesh. In a study (Islam and Badsha, 2011), four natural hazards, which are the most 

common for damaging in Bangladesh namely earthquake, cyclones, tornadoes and floods, 

are considered to develop the district wise map based on combination of local hazard 

intensity and vulnerability on observed performance. District wise risk scores has been 

calculated and at last risk map was prepared for all the 64 districts of Bangladesh. 

Chowdhury and Karim (1996) conducted a study to find the zones of storm surge prone area 

of the Ganges tidal plan based on risk. The land units have been grouped into low risk, 

moderate risk, high risk and severe risk zone areas respectively. Bala et al. (2015) 

conducted vulnerability analysis for the coastal zone of Bangladesh, following IPCC AR3 

approach (IPCC, 2001).  They considered upazila (sub-district administrative scale) as a 

unit of analysis and prepared coastal vulnerability index for present and future conditions, 

considering probable future scenarios of coastal hazards. Few studies focused on 

community level vulnerability assessment for single hazard (Dasgupta et al., 2010; 

Rahman et al., 2007). There have been quite a few studies focusing on multi-hazard 

assessment. However, no specific research has assessed multi-hazard vulnerability 

assessment for different spatial extent. 

In this study, I looked at the potential for a multi-scaled coastal vulnerability and risk 

index based on common methodological and theoretical framework that has applicability 

at different scales, with domain parameters differing based on data availability, relevance 

for a particular scale and data resolution. 
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1.2 Objectives of the Study 

The specific objectives of study are: 

 To derive multi-scale index maps of vulnerability and risks for the coastal area in 

Bangladesh. 

 To investigate how risks vary with different scales ranging from regional to local 

levels. 

Assessing risk and vulnerability at multiple spatial scales is expected to provide improved 

understanding of the appropriateness of assessment scale for effective policy formulation, 

prioritization of resources and implementation of risk reduction measures.  

1.3 Scope of Work 

In Bangladesh, the coastal zone encompasses 19 districts in the southwest, southcentral, 

southeast and eastern hilly areas. This study considered only the deltaic part of the coastal 

zone, comprising of 17 districts. This means that Chittagong and Cox’s Bazar are the two 

districts not considered in the study. 

The deltaic part of the coastal zone is beset by a number of environmental hazards, 

including the natural hazards, such as fluvio-tidal flood, salinity, cyclonic storm surge 

and erosion, and anthropogenic hazards such as water logging. This study considered only 

the four natural hazards as mentioned above. 

1.4 Limitations of the Study 

The study examined vulnerability and risks of environmental hazards at multiple scales.  

Although engagement was made at the sub-regional and local scale with relevant 

stakeholders, more engagement at the very local scale (e.g. mauza – the lowest 

administrative unit) would have been useful in defining vulnerability parameters and their 

associated weights.   Time constraint was an issue in this regard. 

Few indicators (e.g. communication network at sub-regional and local scales), which 

were considered useful, could not be included in the study due to unavailability of data 

for spatial scale of interest.   

In this study, vulnerability and risk assessment has been done at multiple scales to 

demonstrate their usefulness.  This exercise has been the first of its kind in Bangladesh. 

Although example adaptations were discussed, the study did not include detail analysis 
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of specific adaptation needs for different areas based on the assessments, which could be 

a potential future extension of this study.  

1.5 Organization of the Thesis 

This thesis has been divided into eight chapters which have been outlined below. 

Chapter one discusses a brief background of this study along with the objective of the 

study and scope of work. 

Chapter two discusses the conceptual framework of vulnerability and risk assessment. It 

also includes an overview of multi-scale assessment of risk and vulnerability studies. 

Chapter three describes the biophysical hazards of the coastal area of Bangladesh. 

Chapter four includes a description of study area for all the three spatial scales of analysis. 

Chapter five describes the methodology employed to carry out the research work in detail. 

It elaborates different step and processes required for risk and vulnerability mapping. 

Chapter six gives a description of factors affecting risk of the study area including hazard, 

exposure and vulnerability. 

Chapter seven discusses the vulnerability and risk maps. It also explained how different 

vulnerability domains are contributing in overall socio-economic vulnerability of the 

study area. 

Chapter eight provides the conclusions and recommendations of the study. 
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CHAPTER TWO 

CONCEPTUAL FRAMEWORK OF RISK AND VULNERABILITY 
 

 2.1 Introduction 

The study of vulnerability and risk involves experts from a wide range of fields including 

climate science, development studies, disaster management, health, social science, policy 

development, economics, engineering etc. Researchers from respective fields bring their 

own conceptual models to the study of vulnerability and risk addressing similar problems 

and processes using different languages. There are several terms associated with 

vulnerability and risk assessment, e.g. hazard, exposure, sensitivity, adaptive capacity, 

resilience, adaptation, adaptation baseline, coping range, vulnerability, risk etc. The same 

term appear to have different meanings when used in different contexts and by different 

authors from different fields of study (Adger et al., 2002). In spite of some divergence 

over the meaning of vulnerability, understanding vulnerability requires more than 

analyzing the direct impacts of a hazard, as agreed by most experts. Vulnerability also 

concerns the wider environmental and social conditions that limit people and 

communities to cope with the impact of hazard (Birkmann, 2006). Therefore, it is very 

important to understand the concepts associated with vulnerability and risks to climate 

variability and the interaction of climatic factors with socio-economic factors and 

environmental system. 

This chapter presents different conceptualizations of vulnerability and risk. Emphasis is 

given to the recent development of multi scale vulnerability and risk assessment 

frameworks, which is also the main research component of the current study. 

2.2 Concepts of Risk and Vulnerability  

Vulnerability is the key to understand the risk associated with the relationships between 

human societies and their environments. It is not only about concerning of the present and 

future situations but also a product of past. History revealed that vulnerability can be of 

societies and destructive agents, the condition of dependency created by colonialism and 

cash-cropping along with climate change of drought and famine and many other natural 

disasters occurred over time. In the present time, transforming of a hazard into calamity 

is also outcome of past factors (Bankoff et al., 2004). However, vulnerability is still a 

concept of debate and has no universal conceptualization.  
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Vulnerability is broadly seen as “the predisposition to be hurt should an event beyond a 

certain (though again ill-defined) threshold of magnitude occur and impact the society, its 

economic assets, the ecosystem, or its infrastructure” (Bogardi, 2006). It is a combination 

of several factors which determine the degree to which someone’s life, livelihood, 

property and other assets are put at risk by a discrete and identifiable event in nature as 

well as in society (Blaikie et al., 2003). Levels of vulnerability and exposure also helps 

to explain the nature why extreme hazardous event is not always responsible for extreme 

impacts and disasters. In reality, people’s vulnerability is the main contributing factor in 

determining their risk (UNISDR, 2009). For different types of environmental hazards, 

same group of people are not always vulnerable depending on the characteristics of 

hazard. It is very difficult for the vulnerable group to cope up with the adversity and 

reconstruct their livelihood following a hazardous event which will make them more 

vulnerable to future hazards (Wisner et al., 2003). 

Vulnerability is conceptualized as relating to a number of factors (UNISDR, 2013): 

 Physical factors, e.g. poor design and construction of buildings, unregulated land 

use planning etc. 

 Social factors, e.g. poverty and inequality, marginalization, social exclusion and 

discrimination by gender, social status, disability and age, psychological factors 

etc. 

 Economic factors, e.g. the uninsured informal sector, vulnerable rural livelihoods, 

dependence on single industries, globalization of business and supply chain etc. 

 Environmental factors, e.g. poor environmental management, over consumption 

of natural resources, decline of risk regulating ecosystem services, climate change 

etc.  

2.2.1 Physical and social vulnerability 

Owing to its different facets, there is no one single method for assessing vulnerability. 

Ideally, any assessment should adopt a holistic approach to assessing vulnerability. In 

reality, methods are usually divided into those that consider physical (or built 

environment) vulnerability and those that consider social or socio-economic (frequently 

interchangeably used) vulnerability. 

Physical vulnerability with respect to the built environment is related to the susceptibility 

of physical structures. Physical vulnerability is mainly concerned with the impacts of a 
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hazard event, and is often viewed as the amount of damage experienced by a system as a 

result of an encounter with a hazard as an outcome (Aulong and Kast, 2011; Brooks, 

2003). In other words, it represents the expected degree of damage and loss resulting from 

the impact of a certain event on the elements at risk and its exposed values with different 

spatial and temporal distributions of process intensities (e.g., flow depths, duration, flow 

velocities, etc.). This type of vulnerability assessment requires the evaluation of different 

parameters and factors associated with the event such as various types of elements at risk, 

resistance, and implemented protective measures (i.e., local structural protection) 

(Guillard-Gonçalves and Zêzere, 2018; Fuchs, 2009). Assessing the vulnerability of the 

built environment to hazards is extremely important in assessing potential consequences 

of an event and for mainstreaming disaster risk reduction into the local development 

planning process (UNISDR, 2013). 

Physical vulnerability assessment makes use of vulnerability functions or damage 

functions (also often referred to as vulnerability curves) constructed by correlating the 

magnitude of the event (described by, for example depth, duration, velocity of flood 

inundation) and the degree of damage. Data required to develop such relationships (i.e. 

vulnerability function) are often collected from the field focusing on damage in recent 

historic events or are generated synthetically from expert opinions when primary or even 

secondary data from literature are not available.  

Social vulnerability is a complex term characterized by the inequalities which define the 

predisposition or susceptibility of social groups in the context of a disaster. It is a multi-

faceted entity and researchers from various fields used this term with their own conceptual 

representation from respective fields (Guillard-Gonçalves and Zêzere, 2018; Blaikie et 

al., 2003; Brooks, 2003). Some vulnerability approaches are based on assessment of 

intangible losses while some are based on the socio-economic drivers affecting 

vulnerability condition of a society. From the review of major approaches, social 

vulnerability is often measured by different indexes based on sets of socio-economic 

indicators that determine society’s or communities ability to cope with stress or change 

(Guillard-Gonçalves and Zêzere, 2018; Fuchs, 2009).  

Indicators have been conceptualized for measuring vulnerability at different scales, 

ranging from global to those that are applied at the community level (GFDRR, 2014). The 

indicators are either weighted (e.g. by expert judgement, analytic hierarchy, principal 
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component analysis, factor analysis or multiple regression models) or not (i.e. when all 

indicators are assumed to have an equal significance). 

Social or socio-economic vulnerability explicitly concentrates on all socio-economic and 

demographic factors affecting the magnitude of impacts of environmental stresses 

(Adger, 2006; Heinz Center, 2002).  Social vulnerability typically has two distinct 

aspects: collective and individual vulnerability varying in terms of respective indicators 

and scales of analysis (Adger, 2006). Individual vulnerability is the vulnerability of 

household and individual while the collective vulnerability is the assessment at a larger 

scale i.e. community, national and regional scale of analysis (Huynh and Stringer, 2018). 

Most social vulnerability assessment adopts top-down approaches which rely on existing 

national scale data for analyzing collective vulnerability. Although households are 

connected to wider socio-economic processes in a community, have in decision making 

influence in terms of adaptation planning, the factors that influence individual 

vulnerability at household scale are limited (Yaro, 2006).  Again, a decrease in collective 

vulnerability leads to a decrease in household vulnerability and vice versa (Adger et al., 

2004; Adger, 1999) while it can be either positive or negative (Huynh and Stringer, 2018). 

2.2.2 IPCC conceptualization of vulnerability and risk 

Many studies have been conducted based on the conceptual framework given by the 

Intergovernmental Panel on Climate Change (IPCC) in its Third and Fourth Assessment 

Reports (Schneider et al., 2007). IPCC Third Assessment Report (TAR) focused on 

exposure, sensitivity and adaptive capacity as a sum of a system’s vulnerability to climatic 

change. It defines vulnerability as “the degree to which a system is susceptible to, or 

unable to cope with, adverse effects of climate change, including climate variability and 

extremes. Vulnerability is a function of the character, magnitude, and rate of climate 

variation to which a system is exposed, its sensitivity, and its adaptive capacity” (IPCC, 

2001). Here exposure was considered the degree of climate stress upon a particular unit 

of analysis; represented either as long-term changes in climate conditions, or by changes 

in climate variability, including the magnitude and frequency of extreme events (o’Brien 

et al., 2004) or ‘the degree, duration and/ or extent to which a system is in contact with, 

or subject to, perturbation’ (Adger, 2006). In IPCC Third Assessment Report (TAR) 

exposure was considered to be a part of potential impact coupled with sensitivity 

(Jurgilevich et al., 2017). Sensitivity was defined as ‘the degree to which a system is 

affected either adversely or beneficially by climate-related stimuli’ (IPCC, 2001). It is 
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dynamic, adaptable and projectable although it is very challenging, since it is often related 

to certain socio-economic or demographic indicators, the data on which may be limited 

and the projections may present high level of uncertainty (Adger et al., 2009). 

IPCC AR5 concept of risk 

Recently, IPCC has introduced the concept of risk in its Special Report Managing the 

Risks of Extreme Events and Disasters to Advance Climate Change Adaptation and in the 

Fifth Assessment Report (AR5) which includes hazard, exposure and vulnerability 

(Figure 2.1) (Oppenheimer et al., 2014; Cardona et al., 2012). This conceptualization was 

used in the current study. 

 
Figure 2.1: IPCC AR5 concept of risk (Source: IPCC, 2014) 

IPCC AR5 defines risk as “the potential for consequences where something of value is at 

stake and where the outcome is uncertain, recognizing the diversity of values.” Risk is 

often represented as probability of occurrence of hazardous events or trends multiplied 

by the impacts if these events or trends occur. Risk results from the interaction of 

vulnerability, exposure, and hazard” (Agard and Schipper, 2015). Greater emphasis is 

now put on risk leaving the concept of vulnerability as a factor contributing to it. It defines 

vulnerability as “the propensity or predisposition to be adversely affected. Vulnerability 

encompasses a variety of concepts including sensitivity or susceptibility to harm and lack 

of capacity to cope and adapt” (Agard and Schipper, 2015). On the other hand, exposure 

is defined as “the presence of people, livelihoods, species or ecosystems, environmental 
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services and resources, infrastructure, or economic, social, or cultural assets in places that 

could be adversely affected” (Agard and Schipper, 2015). By this definition exposure is 

often assessed using population and infrastructural objects’ location in a zone potentially 

affected by a natural hazard. By IPCC AR5 definition, risks are considered “key” when 

societies and systems exposed are impacted by high hazard or characterized by high 

vulnerability, or both. Vulnerability and exposure are the result of socio-economic 

pathways and societal conditions, including adaptation and mitigation actions. Changes 

in both the climate system and socio-economic processes are central drivers of the 

different core components (vulnerability, exposure, and hazards) that constitute risk 

(Satta et al., 2015). 

Most of the vulnerability assessment methodologies use socio-economic or biophysical 

approaches in case of hazards and disaster management. Socio-economic approaches are 

mostly focused on the interaction between hazard and social vulnerability. On the other 

hand, biophysical approaches are dealt with population’s biological and physical 

susceptibility to a hazard (Moret, 2014). Hence it can be viewed as one of the 

determinants of biophysical vulnerability (Brooks, 2003). 

2.3 Different Methods of Risk and Vulnerability Assessment 

Existing approaches for coastal vulnerability or risk assessment can be classified under: 

(i) index-based approaches; (ii) dynamic computer models; (iii) GIS-based decision 

support tools; and (iv) visualization tools.  Good reviews of the approaches can be found 

in Satta et al. (2015), Mahapatra et al. (2013) and Ramieri et al. (2011). 

2.3.1 Index-based approach 

GIS index-based approaches have dominated coastal vulnerability assessment. They 

principally consist of combining different standardized indicators, derived from various 

sources of information, according to an appropriate set of weights. These approaches are 

advantageous in that they are user-friendly; do not require high level of expertise; can use 

various source of data and integrate uncertainty in the assessment by performing relative 

comparisons (Satta et al., 2016; Balica et al., 2012; Ramieri et al., 2011). Numerous 

indices have been constructed by researchers in the past for coastal vulnerability and risk 

assessment.  Examples are CCFVI (Balica et al., 2012), CVI (Vivien Gornitz, 1991), 

Multi-Scale CVI (McLaughlin and Cooper, 2010), CVI-SLR (Ozyurt, 2007), SoVI 

(Boruff et al., 2005), and Composite Vulnerability Index (Szlafsztein and Sterr, 2007). 
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Satta (2014) found CVI-SLR (€Ozyurt, 2007), Multiscale CVI (McLaughlin and Cooper, 

2010) particularly useful, as these methods present several advantages like to be easily 

upgradeable (variables can be added or eliminated) and algorithms employed for the 

calculation are readily understandable for coastal managers and practitioners.  Also, 

Vulnerability Assessment (RVA) methodology developed by Torresan et al. (2012) is an 

index-based methodology with a heterogeneous subset of bio-geophysical and socio-

economic vulnerability indicators.  

The number of indicators included in these indices has significantly increased over the 

years.  Whereas Gornitz (1990) only included hazard indicators (i.e. geomorphology, 

slope, sea level change, erosion, tidal range, wave height), new indices include indicators 

on the scale of dozens (Torresan et al., 2012; Narra et al., 2017; Satta et al., 2016; Balica 

et al., 2012). The increase in the number of indicators has had to do with the needs of 

multi-hazard assessment (e.g. inclusion of drought, surge, and cyclone), the inclusion of 

socio-economic and environmental indicators (e.g. land use, population, cultural heritage) 

and resilience/resistance/adaptive capacity indicators (e.g. presence of shelters, defences, 

and awareness). However, overlap between indicators can be an issue while combining 

multiple indicators using simple additive or multiplicative operations (Balica et al., 2012).  

A huge number of indicators may also reduce the simplicity of the index, requiring a 

better understanding by the users of the indicators (Torresan et al., 2012). 

Most of the index-based methods have referred to the vulnerability concept as 

incardinated in the theoretical framework of IPCC (2007). All these studies have been 

carried out before the definition of a new conceptual framework for coastal risk in the 

fifth IPCC assessment report (IPCC, 2014).  Very few methods have addressed coastal 

risk at an appropriate scale showing low flexibility to operating at various spatial scales 

(Torresan et al., 2010). 

2.3.2 Dynamic computer models  

These methods aim to model current and potential future conditions of geophysical, 

biological, and/or socioeconomic processes. The complexity of the models generally 

requires appropriate hardware and software, advanced scientific expertise and “it is 

important to consider data requirements when assessing their appropriateness” (Rozum 

and Carr, 2013).  Examples include SimCLIM (CLIMsystems Ltd) (Warrick et al, 2001), 

DIVA (Hinkel, 2005), RACE ( Halcrow Group Ltd, 2007) etc.  However, as all the dynamic 
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computer models, the main limitation consists in the upgradability of the algorithms and 

variables, which requires medium to high expertise for its customization to new regions 

(Ramieri et al., 2011). Satta (2014) found SimCLIM particularly useful as it is applicable 

to the different type of coastal zones (Ramieri et al., 2011), can accommodate different 

scales (from global to local) and spatial resolutions subject depending on computational 

demands and data availability, is flexible in structural modification and study area 

(Warrick, 2009). 

2.3.3 GIS based decision support tools 

These tools aim to build scenarios resulting from potential climate change impacts to 

support coastal decision makers and practitioners to take the best management decisions 

via investigating a wide variety of assessment outcomes (Rozum & Carr, 2013). These 

tools require specific GIS expertise and advanced technical capacities.  Examples include 

DESYCO (Torresan et al., 2010), EVA (Berman et al., 2008), DYTTY- DSS (Mocenni 

et al., 2009), etc. DESYCO consists of identifying vulnerability indicators and indices for 

the evaluation of climate change impacts in coastal zones and it aims to identify and 

prioritize areas and targets at risk in the considered region.  

2.3.4 Visualization tools 

These tools are developed to simulate current, and potential future conditions of climate 

change impacts. They represent an easier GIS based application together with a GIS-

based decision support system. Visualization tools “are generally easy to use and do not 

require specialized software or hardware” (Rozum & Carr, 2013).  Example includes Sea 

Level Rise and Coastal Flooding Impacts Viewer, CanVis, COSMO (cited in Satta et al., 

2015). 

2.4 Multi-scale Assessment of Risk and Vulnerability 

Many risk and vulnerability variables are dependent on the level of analysis e.g. spatial 

extent of the hazard being studied or on the most appropriate geographical unit for which 

vulnerability data can be obtained. But traditional risk and vulnerability assessments paid 

less attention to the importance of varying spatial scales of interest. Most of the natural 

hazard studies did not emphasize on the methodology or rationale for selecting an 

appropriate scale for risk and vulnerability assessment (Frazier, 2012). On the other hand, 

most of the disaster risk reduction studies focused on community vulnerability whereas 

climatic risk and vulnerability studies focused on global or national scale analysis.  
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In recent years, there is an increasing number of research initiatives taken to measure risk 

and vulnerability at varying scale of analysis; from household and local community to the 

national and supra-national to global levels using a variety of methods including 

quantitative indicators as well as qualitative criteria (Huynh and Stringer, 2018; Esteves 

et al., 2016;  Satta et al., 2015; Ni et al., 2014; Frazier, 2012; McLaughlin and Cooper, 

2010; Balica et al., 2009; Torresan et al., 2008; Stephen and Downing, 2001). 

For example, Huynh and Stringer (2018) conducted multi-scale assessment of social 

vulnerability to climate change in coastal Vietnam. The study focused on household and 

collective (city) scales. Household level analysis allowed examination of variations in the 

degree of vulnerability among households in the same agro-climatic zone, while city scale 

assessment revealed gaps in the governance systems. 

Esteves et al. (2016) conducted multi-scale vulnerability assessment for district, village 

and household levels in Karnataka state, India. The central focus of the study was to 

provide tool for adaptation strategy by identifying the drivers of inherent vulnerability for 

each scale. In this study, socio-economic vulnerability was assessed by using index-based 

method through aggregating various indicators affecting a particular system, community 

or a region to climate variability. Relative importance of indicators, i.e. weight was 

determined by using Principal Component Analysis (PCA) at the district level, through 

Participatory Rural Appraisal (PRA) at the village level and through structured household 

surveys and PRA at the community level. 

Torresan et al. (2008) assessed coastal vulnerability to climate change for Veneto region, 

Italy, and compared that with corresponding vulnerability extracted from the Dynamic 

Interactive Vulnerability Assessment (DIVA) global data set for the same area. In this 

study, to address the climate change related issues and to identify vulnerable area, same 

features of coastal systems, i.e. topography and slope, geomorphological characteristics, 

land use pattern, population density, number of coastal inhabitants etc. were used. 

McLaughlin and Cooper (2010) conducted vulnerability assessment for three different 

spatial scales in Northern Ireland, i.e. national, local authority and site levels. This study 

particularly highlighted the spatial variability and availability of data for different spatial 

scales. This study also focused on the importance of scale dependent vulnerability 

assessment for policy planning and implementation as well as for resource allocation and 

development of adaptation strategies. 
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Satta et al. (2015) developed a multi scale coastal risk index for eleven Mediterranean 

countries for regional scale and for Tetouan, Morocco for local scale analysis. The main 

focus of this study was to encourage the use of Integrated Coastal Zone Management 

(ICZM) developed for the Mediterranean countries. This Coastal Risk Index – 

Mediterranean Scale (CRI-MED) developed provided a ranking of relative risk of each 

coastal region in relation to potential coastal hazards generated and/or exacerbated by 

climate and non-climate forcing. On the other hand, Coastal Risk Index – Local Scale 

(CRI-LS) was developed for local scale assessment. They concluded that the 

identification of spatial variability of coastal areas characterized by different vulnerability 

and exposure levels are particularly valuable to support decision makers. 

The multi-scalar vulnerability or risk assessments as discussed above provided good 

revelation of the usefulness of such assessment. It is not always possible to transform 

information from one scale to another. Availability of data for a specific scale may limits 

selection of indicators for that particular scale of analysis. Again, for better understanding 

of site-specific vulnerability, more comprehensive study is required (Torresan et al., 

2008). Local scale assessment can better demonstrate and identify problems that cannot 

be studied at a larger scale. The risk and vulnerability evaluation may be lacking in 

effectiveness if any critical indicator remains ignored or spatial correlation cannot be 

examined properly (Frazier, 2012). Hence a detailed and transparent information about 

the most vulnerable group and area are needed to make better decision for disaster risk 

reduction and policy implementation. It helps to gain precise knowledge on disaster 

management planning as well (Birkmann, 2007).  Multi-scalar assessments become very 

useful in these regards. 

The work of Satta et al. (2015) and McLaughlin and Cooper (2010) played an important 

role for developing the conceptual framework of the present study. McLaughlin and 

Cooper (2010) developed coastal vulnerability index for three deffirent spatial scales. 

Satta et al. (2015) developed multi-scale coastal risk index (MS-CRI) at regional and local 

scale in the Mediterranean coast by using IPCC AR5 concept of risk and vulnerability. 

The method integrates a large set of socio-economic variables, with risk assessment 

targets represented by variables that are separated into three sub-indices (hazard, 

vulnerability and exposure), taking into account the interaction among different 

subsystems and presenting an easy calculation process to analyze the different 

vulnerability factors along with mapping vulnerability and risk. The MS-CRI combines 
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multiple variable layers, representing different aspects of risk, in sub-indexes layers, in 

such a way that risk ‘hotspots’, as well as areas of relatively lower risk, emerge from the 

integration of the layers. The application of the MS-CRI at the local scale aims to support 

policy makers and coastal managers to evaluate how climate and non-climate forcing 

interact with existing hazards to impact the coastal zones. Such a tool can be easily 

integrated into an overall coastal management and adaptation strategies to support the 

implementation of the integrated coastal zone management (ICZM) protocol.  
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CHAPTER THREE 

REVIEW OF COASTAL HAZARDS 
 

3.1   Introduction 

The geographical location, relatively flat topography, rivers with its numerous tributaries 

and distributaries, highly skewed temporal and spatial patterns of rainfall and river flow, 

together with coastal hydrodynamic processes, render Bangladesh highly vulnerable to 

various natural hazards. The coastal geomorphology especially the triangular shape of the 

Bay of Bengal influences the impact of natural hazards in this area. The impact of natural 

hazards is severe in the south western part where natural hazards increase the vulnerability 
of the coastal people. The main hazards for Bangladesh coast are tropical cyclone and 

associated storm surge, fluvio-tidal flood, salinization, river bank erosion and water 

logging to some extent. A review of the hazards is presented in the following sections. 

3.2 Cyclone and storm surge 

Tropical cyclones and associated storm surges are one of the major disasters for the 

coastal area of Bangladesh. Generally, they occur in pre-monsoon (April-May) and post-

monsoon (October-November) period.  The coastal zone is particularly vulnerable. The 

vulnerability to storm surges is particularly due to shallow depth of water in the north 

Bay, the northward converging nature of the Bay and high astronomical tides (Ali, 1999). 

Also, owing to these factors, storm surges generated due to any cyclonic storm are high 

compared to the same kind of storm surge in other parts of the world (Hossain, 2006).  

About 80 tropical storms i.e. tropical cyclones with wind speed greater than or equal to 

17 m/s form throughout the world’s waters every year ( McBride, 1995; cited in Ali, 

1999), out of which about 6.5 percent form in the North Indian Ocean (Bay of Bengal and 

Arabian Sea) (Neumann, 1993; cited in Ali, 1999).  The frequency of cyclones in the Bay 

of Bengal is much higher than that in the Arabian Sea (about 5 to 6 times) resulting a total 

of 5.5 percent of the above mentioned share of the North Indian Ocean (Ali, 1996; IMD, 

1979; cited in Ali, 1999). After considering the tropical storms formed in the Bay of 

Bengal during the period of 1877 to 1995 it has been found that Bangladesh is hit by about 

1 percent (0.93 percent) of the world’s total tropical storms, India by 3.34 percent, 

Myanmar by 0.51 percent, Sri Lanka by 0.22 percent, and 0.50 percent die in the Bay 

without hitting any country (Ali, 1999).  
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A storm surge is mainly generated by the winds, often of exceptional strength, acting over 

shallow water and partly by variation in atmospheric pressure (Murty et al., 1986). When 

astronomical tides coincide with cyclonic surges, situation become worse and lead to 

higher water levels and resulting severe flooding. The coastline of Bangladesh is 

characterized by several geographic and topographic features. These are the recurvature 

of tropical cyclones in the Bay of Bengal, shallow continental shelf especially in the 

eastern part of Bangladesh coast, high tidal range, triangular shape towards the head of 

the Bay of Bengal, almost flat topography in the coastal area etc. These are mainly 

responsible for the amplification of surges on the Bangladesh coast. The Meghna 

estuarine region is the area where most of the surge amplifications occur due to its unique 

geographical setting (Dasgupta et al., 2010). 

The extent of area affected by storm surge and resulting damage depend on cyclone track 

and location of land fall.  Figure 3.1 shows the tracks of major cyclones along the Bay of 

Bengal that crossed the coast of Bangladesh during the period 1960‐2009.  It is seen that 

most of the tracks were from south-west to north-east, passing through mainly 

southcentral, southeast and Chittagong regions, while only a few went through the 

southwest region or further west. However, Islam and Peterson (2009) analyzed cyclone 

tracks, landfall locations, wind speed, monthly distribution of occurrence of cyclone and 

damage in terms of death for the period from 1877 to 2003 where they found that Khulna 

(SW) was the most vulnerable in terms of cyclone landfall location, with Khulna District 

facing highest number (36) of cyclones during this period which is 31% of the total 

number, while Barisal District faced 26% of the total storm.  But the higher vulnerability 

of Khulna in terms of landfall locations is mainly due to the greater number of landfalls 

in theta area prior to 1950; from 1950 onwards, more and more cyclone tracks went 

through the southcentral region.   

Islam and Peterson (2009) also found that the number of cyclone deaths during 1904 to 

2003 is highest in the Barisal (SC) region (354,326), and number of deaths is very few in 

Khulna (SW) region (5,267) compared to the SC region. The protection from the 

Sundarbans helped reduce relative destruction in the SW region even in earlier periods.  

However, recent events like SIDR in 2007 and Aila in 2009 show that the southwest 

region may also be substantially impacted by cyclone and associated storm surge.  
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Figure 3.1: Tracks of major cyclones that crossed the coast of Bangladesh during 1960‐

2009 (Source: Dasgupta et al., 2010) 

In Bangladesh coast it has been observed that the frequency of a wave (surge plus tide) 

with a height of about 10 m has a return period of 20 years while the same of 7 m has a 

return period of 5 years (BUET-BIDS, 1993).  However, existing literature shows a range 

of 1.5 to 9.0 m high storm surges during various severe cyclones with the exception of 

surge heights in excess of 10 m or even more also available in the literature. For example, 

the historical Bakerganj cyclone had the greatest reported surge height of 13.6m in 1876 

and another severe cyclone in 1970 had the surge height of 10 m (SMRC, 2000). 

Bangladesh is considered the worst sufferer country in the world when the minimum 

death tolls over 5000 are considered (Ali, 1999).  This stemmed from the fact that some 

of the most devastating tropical cyclones in recorded history with high casualties hit the 

coastal region of Bangladesh. The 1970 cyclone, also known as Bhola cyclone, claimed 

almost 300,000 lives, making it the deadliest tropical cyclone on record. Another cyclone 

in 1991 led to the death of 138,000 (Quadir and Iqbal, 2008).  After the devastating 1991 

cyclone, Bangladesh made a significant success in disaster management. As a result, in 

the two recent cyclones, Sidr (2007) and Aila (2009), the human casualties were 2388 

and 190 respectively (Dasgupta et al., 2010). Different Disaster Risk Reduction (DRR) 

approaches taken by the Government of Bangladesh are construction of Multi-Purpose 

Cyclone Shelter (MCS), Cyclone Preparedness Program (CPP), Coastal Afforestation, 

Coastal Embankment, Cyclone-Resilient Housing etc. (Mallick and Rahman, 2013).  



20 
 

In addition to human casualties, cyclone and associated storm surges have been 

responsible for damage to crops, properties and economic assets; risk of saline water 

intrusion to water body and agricultural lands due to storm surge flooding.  During 1970 

and 1991 cyclone total estimated economic losses were $86.4 and $1780 billion 

respectively.  The 1997 cyclone caused loss of 3118 livestocks, destruction of 211,717 

houses, crop damage of 97,333 acres and damage to salt production of 2,232,000 acres.    

After the devastating 1991 cyclone, Bangladesh made a significant success in disaster 

management. As a result, in the two recent cyclones, Sidr (2007) and Aila (2009), the 

human casualties were 2388 and 190 respectively (Dasgupta et al., 2010). Different 

Disaster Risk Reduction (DRR) approaches taken by the Government of Bangladesh are 

construction of Multi-Purpose Cyclone Shelter (MCS), Cyclone Preparedness Program 

(CPP), Coastal Afforestation, Coastal Embankment, Cyclone-Resilient Housing etc. 

(Mallick and Rahman, 2013).  

Although the death toll in Sidr (2007) and Aila (2009) was not that higher compared to 

1970 and 1991 cyclones but they caused significant economic loss. The estimated 

economic loss of cyclone Sidr was $2300 billion while the same was $270 billion for 

cyclone Aila (Dasgupta et al., 2010). The impact of cyclone Aila was not so severe 

initially after the event.  But it has been responsible for prolonged sufferings in the 

affected area (Kabir et al., 2015; Kibria et al., 2015). The main damage was caused by the 

flooding of water due to embankment breaching. In Khulna district, 46 percent of standing 

crops were fully damaged out of 7392 acres. Department of Fisheries estimated a loss of 

total of 59,045 acres of land under shrimp Ghers and 1,074 acres of pond area culturing 

white fish. The official estimates of the economic loss in southern most three union; 

Dacope, Paikgacha and Batiaghata is about BDT 900 million (Roy et al. 2009). 

3.3 Fluvio-tidal flood 
Flooding in Bangladesh is a very common phenomenon due to a series of complex factors 

including huge inflow of water from upstream catchment areas which coincides with 

heavy monsoon rainfall in the country, a lower elevation of floodplain, drainage channel 

congestion, tides and storm surges in coastal areas, and polders that increase the intensity 

of floodwater outside protected areas (Ahmed and Mirza, 2000). Flooding has numerous 

adverse effects like loss of life through drowning, increased water borne infections, loss 

of crops and property etc. Floods can also increase the risk of cholera, diarrhoea, 
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schistosomiasis, dengue, yellow fever, malaria, hantavirus, and other diseases (Mirza et 

al., 1993).  

There are five types of natural flooding that occur in Bangladesh: river flood; rainfall 

flood; flash flood; tidal flood; and storm surge flood (Rahman and Salehin, 2014). 

Additionally, there are some floods result from anthropogenic reason. The coastal area of 

Bangladesh experiences several types of floods related to a number of inter-related 

physical processes. According to the main driver of flood, the coastal flooding in 

Bangladesh are: fluvial flood, tidal flood, fluvio-tidal flood and storm surge flood (Haque 

and Nicholls, 2018). The type of flood for any specific location depends upon geographic 

and morphologic characteristics of that location. For example, the northern part of coastal 

area experiences fluvial flooding while the southern exposed coastal part mainly 

experiences tidal flooding along with storm surge flooding during landfall of tropical 

cyclones in coastal region. The Lower Meghna receives huge inflow from the Ganges and 

Brahmapurta rivers and causes fluvial flood in the monsoon. Gorai, the main river in the 

Western coastal zone, receives inflow from the Ganges river and a major part of this river 

is influenced by the tidal effect from the Bay of Bengal (Bhuiyan and Dutta, 2012).  

Bangladesh receives a large volume of fresh water flow from the Ganges, Brahmaputra 

and Meghna (GBM) basins and numerous minor rivers into the northern and central part. 

And this causes fluvial flood when the volume of water exceeds the carrying capacity 

during monsoon period. In coastal Bangladesh, most of the fluvial flooding occurs into 

the area adjacent to lower Meghna estuary as a result of draining the combined flow of 

the three major rivers (Haque et al., 2016). The situation may worsen if the flood duration 

coincide with higher sea level due to spring tide or sustained monsoon as occurred during 

1998 flood (Haque et al., 1998). 

Tides in the Bay of Bengal are semidiurnal with tidal amplitude increasing from south to 

north through the bay (Sindhu and Unnikrishnan, 2013). Tidal range is greatest along the 

Noakhali coast and reduces to the east and west (Ahmed and Louters 1997). The mean 

tidal range at Hiron Point near the Sundarbans is about 3 m, near Sandwip it is increases 

up to 6 m while it decreases to 3.6 m in the Cox’s Bazar (Chowdhury and Haque, 1990). 

Tides propagate up to 225 km inland during wet season and 325 km inland during dry 

season (Rahman and Salehin, 2014). On the other hand, a combination of the astronomical 
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tide and strong sustained monsoon wind can cause the highest potential for severe tidal 

flooding (Sumaiya, 2017). 

 
Figure 3.2: Fluvio-tidal flood in coastal Bangladesh (Source: DECCMA Project, 

IWFM, BUET) 

Another form of flooding is important for coastal Bangladesh named as fluvio-tidal flood 

(Figure 3.2). When fluvial flooding is influenced by tide it is named as fluvio-tidal flood. 

The coastal rivers do not receive much river flow during monsoon except the Lower 

Meghna river. As a result of this, the tidal fluctuation plays the determining characteristics 

of flooding pattern throughout the coastal zone (Haque and Nicholls, 2018). After 

analyzing the dynamics interaction between fluvial flow and tide, the flooding pattern in 

the landward northern part of coastal Bangladesh is named as fluvial flood, the middle 

part is characterized by fluvio-tidal floods and the southern seaward part is characterized 

by tidal flood. Fluvial flood occurs in the Lower Meghna estuarine area during monsoon 

as its large volume of fluvial flow dominates the tidal action (Chowdhury and Haque, 

1990). 

Storm surge flooding is very common phenomenon for coastal Bangladesh when a 

cyclone hit at the coastal belt. The location and extent of storm surge flooding depends 

on the magnitude of surge, cyclone intensity, its landfall location and time of landfall 
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relative to the tide. For Bangladesh coastal area, when a cyclone makes landfall during 

high tide, it increases the surge height and causes more extensive storm surge flooding 

and damage and loss of property (Haque and Nicholls, 2018). For example, the 1997 

cyclone has the highest wind speed (225 km/hr) recorded so far in Bangladesh but made 

landfall during low tide; hence there was no inundation and less loss of life. On contrary 

to that, 1991 cyclone made landfall during high tide with a wind speed of only 50 km/hr 

resulting into one of the most devastating cyclones in the country’s history (Ali, 1999). 

3.4 Erosion 

River bank erosion and the loss of land is a severe national problem. It is considered 

another major natural hazard in Bangladesh although it does not cause loss of lives. It 

causes huge economic losses, peoples’ asset loss and forced them to migrate to another 

place (Shamsuddoha and Chowdhury, 2007). Many dynamic processes e.g. strong tidal 

actions and storm surge, wave actions, strong winds and current during monsoon, high 

river water flow in the central zone and variation in sea level etc. are the dominant 

controlling factors for determining the natural shape of the coastal and marine areas i.e. 

erosion accretion of coastal Bangladesh (Karim and Mimura, 2006). Significant changes 

have taken place due to continuous land erosion and accretion along the coastline. Coastal 

erosion usually occurs during monsoon seasons, but it is more severe during southwest 

monsoon or any episodic events such as storm waves or sea swell hit the coast (MoEF, 

2007). Among the three different zone of the coastal area, erosion is comparatively small 

in the western part (Figure 3.3). Central part is the most active zone and the process is the 

most severe in the Meghna estuarine area especially Bhola, Sandwip, Hatia, Kubdia 

(MoEF, 2007; Shamsuddoha and Chowdhury, 2007; Karim and Mimura, 2006; MES, 

2001).  

Most of the rivers of Bangladesh flow through unconsolidated sediments of the Ganges-

Brahmaputra-Meghna floodplain and deltaic region. During monsoon period, GBM 

system carries about 1.7 billion tons of silts per year causing severe turbulence in the river 

system and results in gradual undercutting of riverbanks leading to erosion in the coastal 

habitats. By the effect of river bank erosion Hatiya has reduced from 1000 sq. km to only 

21 sq km over 350 years, Swandip has lost 180 sq km in the last 100 years, Bhola suffered 

a net loss of 3000 sq km over last 40 years and Kutubdia lost around its 65 percent in the 

last 100 years (Hossain, 2012; Shamsuddoha and Chowdhury, 2007). 
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Figure: 3.3: Erosion across the coastal Bangladesh (Source: DECCMA Project, IWFM, 

BUET) 

3.5 Salinity 

The coastal area of Bangladesh covers more than 30 percent of net cultivable area of the 

country (Rasel et al., 2013; Haque, 2006). Agricultural production in this area faces many 

constraints to crop production e.g. climatic and environmental hazards, low soil fertility, 

flooding during monsoon, poor soil structure causing delayed draining, high osmotic 

pressure causing a reduction in the ability of plants to absorb water and nutrients and 

cyclonic storm surges. Additionally, soil and water salinization is a major concern to 

farmers in this area (Baten et al., 2015; MoA, 2013). The salinity problem further 

exacerbated by the increasing production of brackish water shrimp culture into 

agricultural lands. For shrimp production, owners of the land deliberately inundate an 

enclosed area with saline water which results in contamination of both soil and ground 

water and affects crops production and biodiversity of that area (Kartiki, 2011). 
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Figure 3.4: Soil salinity map (Source: SRDI, 2010) 

Soil salinity increases during dry season when salt accumulates in the soil due to water 

evaporation from irrigated or flooded fields, leaving residual minerals. Then in monsoon 

period fresh water flow increases to the system and saline water decreases. But 

evaporation in the dry season causes the salinity to re-develop each year resulting in 

reduced soil fertility hence lower crop yield (Clarke et al., 2018). The crop production in 

this area is lower than the national average (Salehin et al., 2014). 

Soil salinity shows a progressive trend both in terms of intensity and area coverage over 

the last four decades (Figure 3.4) (SRDI, 2010). A number of factors responsible for the 

increase of soil salinity. These factors include river water salinity, depth to ground water 

table, groundwater salinity, rainfall and evaporation, shrimp culture, storm surge flooding 

and prolonged water logging inside the polder area (Salehin et al., 2014).  

River water salinity in the coastal area of Bangladesh depends on the volume of 

freshwater flow from the upstream rivers, the salinity of the Bay of Bengal along the 

coast, and the circulation pattern of the coastal waters induced by the ocean currents and 

the strong tidal currents in the coastal waters. Reduced upstream fresh water flow from 

the Ganges River and the resulting siltation of the tributaries of the Ganges and other 
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rivers, siltation in the river bed due to the construction of the polders has resulted in a 

significant increase in river salinity in coastal Bangladesh during dry season. The river 

water salinity problem is severe in the southwest zone (Dasgupta et al., 2014). On the 

other hand, the higher volume of fresh water flow from the Padma and Lower Meghna 

rivers push the saline water front toward the coast in the central part of the Bangladesh 

coast (Salehin et al., 2018). 

3.6 Interventions to Address Coastal Hazards 

In the 1960s and 1970s, a total of 139 polders were constructed in the coastal area to 

protect communities from tidal flooding and salinity intrusion and to enable food security 

and economic growth (Figure 3.5) (Zaman, 1983). Around eight million Bangladeshis 

live inside polders, which cover approximately 8% of the country. These interventions 

have yielded several positive impacts, including protection against fluvio-tidal flooding 

(direct inundation by saline water), increased agricultural production, improved 

livelihood, improved regional communication, and a general improvement of regional 

economy.  Polders also provided substantial protection against storm surge, although they 

were not designed considering protection against storm surge.    

 

Figure 3.5: Polders in the southwest coastal zone 

Cyclone shelters are constructed in the coastal zone where human lives are at high risk 

due to cyclonic storm surge floods (Figure 3.6). Multipurpose Cyclone Shelter Master 

Plan (MPCS) (MCSP, 1993) had estimated that 2500 new shelters with a capacity of 4.4 

million persons would be required. Currently there are more than 2400 cyclone shelters 

(Dasgupta et al., 2010).  Over the years, there has been a significant change of emphasis 
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from designing the shelters for single purpose use as flood shelter to design them for 

multipurpose use. Shelters are now designed as schools, health centers and other 

community service centers during normal life. MPCS facilities are considered an 

important component of not only disaster management strategies but also overall 

community well-being (Paul and Routray, 2013).  The existing number and location of 

cyclone shelters are not sufficient; a World Bank study (Dasgupta et al., 2010) 

recommended constructing more than 5500 new MPCS facilities based on the population 

likely to be exposed to inundation depth of more than 3m from accentuated storm surges 

in a changing climate (59 of the 123 polders are estimated to be potentially overtopped in 

2050) and the capacity of existing cyclone shelters. 

 

Figure 3.6: Cyclone shelter location map 

Despite these interventions, communities in the coastal area are still vulnerable and at 

high risk. many of the embankments are poorly managed and rapidly deteriorating. A 

significant negative impact of polderization has been waterlogging in some in some 

polder areas resulting from significant alteration of sediment balance in the delta. This 

has been an outcome of the cumulative impacts of the cluster of polders.  Agricultural 

water security is still compromised by salinity (in surface water, groundwater and soil), 

and lack of monsoon water retention facilities because of the drainage-cum-irrigation 
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canals being silted up, resulting in low agricultural productivity in the coastal region 

compared to the national average.  Poor operation and maintenance of water structures 

has meant that they have not been performing well everywhere and become particularly 

vulnerable during strong tidal fluctuations, cyclonic storm surges and river bank erosion. 

Persistent saline water inundation of agricultural fields through cyclone-induced breaches 

in embankments impacts different vulnerable livelihood groups, including agricultural 

farmers (through loss of several cropping seasons), fishermen, day laborers and 

Sundarbans dependent people.  Slow rehabilitation process of structures has added to the 

problem.  Drinking water security is heavily impacted by salinity, which is further 

compounded by lack of reliable alternative sources of water.  Acute drinking water 

shortage is the number one problem following a storm surge event as regular supply 

sources are damaged and inundated under water for substantial periods and very often 

people are required to bring water from miles away.  In sum, resilience of these vulnerable 

people is a major issue, which warrants a closer look at possible interventions that would 

contribute to increasing resilience against their multi-dimensional water security risks. 

In response to the persisting water related problems in the coastal area, a number of 

projects have been implemented, such as the Integrated Planning for Sustainable Water 

Management (IPSWAM) Programme and the Emergency 2007 Cyclone Recovery and 

Restoration Project (ECRRP), and a number of projects are being currently implemented, 

such as the Blue Gold project and the Coastal Embankment Improvement Project (CEIP).  

With regards to safe drinking water and sanitation, several important programmes have 

been implemented, especially after cyclones Sidr and Aila, by a number of agencies such 

as community mobilization, community led situation analysis and risk assessment, 

capacity building of Union Parishads in water and sanitation options, capacity building 

of Union level Disaster Management Committees (UDMC), installations of Pond-Sand-

Filters (PSF) and Rainwater Harvesting Systems (RWHS), community based RWHS, 

artificial ground water recharge, innovative sanitation design, school health and nutrition 

programme, managed aquifer recharge (MAR) project. 
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CHAPTER FOUR 

STUDY AREA 
 

4.1 Introduction 

The study focuses on assessment of risks to environmental hazards in the coastal area of 

Bangladesh at multiple scales. Bangladesh coastal zone has a coastline of 711 m draining 

the huge flow of the Ganges, Brahmaputra and Meghna (GBM) basins to the sea (MoWR, 

2005). The boundary of the coastal zone of Bangladesh has been defined differently by 

various organizations based on their purpose and area of interest. For example, the Soil 

Resources Development Institute (SRDI) has defined the coastal zone as the area where 

soil is contaminated by saline water from Bay of Bengal (SRDI, 2010). Department of 

Public Health Engineering (DPHE) defined coastal zone as the area where surface and 

ground water is contaminated by sea water intrusion (Uddin and Kaudstaal, 2003). The 

Government of Bangladesh (GoB) has delineated coastal zone in a more systematic 

approach during the Integrated Coastal Zone Management Plan (ICZMP) project, taking 

into considerations three basic natural system processes and events: tidal fluctuations; 

salinities (soil, surface water or groundwater); and cyclone and storm surge risk. This led 

to a coastal zone consisting of the administrative boundary of 19 districts and Exclusive 

Economic Zone (EEZ) of the country (Uddin and Kaudstaal, 2003).  

The deltaic part of the coastal zone, i.e. excluding the districts Chittagong and Cox’s 

Bazar has been taken as the study area for regional scale analysis, with upazila as the unit 

of analysis. Koyra upazila in Khulna district, located in the southweastern part of the 

coastal zone, was selected as the study area for sub-regional scale analysis, with union as 

the unit of analysis. Koyra is an area frequently affected by multitude of hazards with 

high degree of socio-economic impact. Bagali is among the top unions of Koyra upazila 

in terms of natural hazards and socio-economic vulnerability. The most vulnerable union 

in Koyra upazila is Dakshin Bedkashi which consists of a single mauza only. As there is 

no spatial variability of indicators in this union is not possible, it was not possible to select 

this union as local level study area. Hence, Bagali union was selected as the study area 

for local scale assessment, with mauza as the unit of analysis. 
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4.2 Regional Level Study Area 

The entire coastal zone excluding Chittagong and Cox’s Bazar was the study area for 

regional level analysis (Figure 4.1). The coastal districts thus considered Barguna, 

Barisal, Bhola, Bagerhat, Chandpur, Feni, Gopalgonj, Jessore, Jhalkathi, Khulna, 

Laskmipur, Narail, Noakhali, Patuakhali, Pirojpur, Satkhira and Sariatpur comprising a 

total of 116 upazilas (BBS, 2011). 

 
Figure 4.1: Regional level study area map 

4.2.1 Geography 

The Western zone is relatively flat and low lying area having numerous rivers and 

channels and stable in nature. This area is also known as the Ganges tidal plain having 

average land elevation between 0.9 to 2.1m Mean Sea Level (MSL) (Iftekhar and Islam, 

2004). It extends from the Bangladesh-India border in the west to the Tetulia river 

covering the Sundarbans mangrove forest, Satkhira, Jessore, Narail, Khulna, Bagerhat, 

Gopalganj, Pirojpur, Barguna, Patuakhali, Jhalokati and Barisal districts (Karim and 

Mimura, 2008). Sundarbans area is the hub for feeding and breeding ground of shrimp 

and aquaculture, covers an area of 6,017 sq. km which accounts for 4.07 percent of total 
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area of Bangladesh and 40 percent of total area managed by the Forest Department (BBS, 

2011). 

The Central zone  extends from Feni river estuary to the eastern Tetulia river covering 

Feni, Noakhali, Lakshmipur, Chandpur, Shariatpur, and Bhola districts (Hossain, 2012). 

Numerous islands are located in the area including the only island district Bhola. This 

zone is very dynamic in nature and hence erosion-accretion rate is very high; it receives 

a large volume of silty deposition from the Ganges-Bhrahmputra-Meghna river system 

(Coleman, 1969; cited in  Allison et al., 2003). 

4.2.2 Demography 

Based on the Population Census 2011, total population in the regional level study area is 

28611356. Total number of households in this area is 6294516 with average household 

size 4.55 persons per household. The key demographic information is presented in Table 

4.1. 

Table 4.1: Demographic information of regional study area 

Population Household 
Male Female Total 

6294516 
14015824 14595532 28611356 

                        Source: BBS, 2011 

4.2.3 Socio-economic condition 

The overall socio-economic condition of the study area is not satisfactory comparing to 

the national average. Insecurity of food, lower income level, unsatisfactory water and 

sanitation facilities, poor health condition, and poverty rate is very high in Bagerhat, 

Bhola, Noakhali, and Satkhira Districts rendering them highly vulnerable (GoB 2006). 

The average literacy rate of the study area is 56.11 percent (BBS, 2011) which makes 

people less concern about the ramification of climate change. 

The dominant livelihood option in this area is agriculture followed by landless farmer, 

marginal farmer, small farmer as well as non-agricultural livelihood groups like honey 

collector, shrimp and salt farming etc. Tourism is also becoming popular here now-a-days 

as Kuakata beach lies within this area. Sundarbans is also becoming a tourist attraction 

creating more income earning opportunity through tourism business (Islam and Haque, 

2004). 
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4.3 Sub-regional Level Study Area 

Koyra upazila in Khulna district has been selected for sub-regional level of analysis with 

union as the unit of analysis (Figure 4.2). It is one of the most vulnerable upazilas in 

Khulna district. During cyclone Aila in 2009, in terms of human casualties, Koyra tops 

the list with damage into several other sectors like agricultural crop damage, fisheries 

damage, livestock lost etc. (Roy et al., 2009). 

 
Figure 4.2: Sub-regional level study area map 

Koyra upazila is located between 22°12' and 22°31' North latitudes and in between 89°15' 

and 89°26' East longitudes; occupies an area of 1775.40 sq km of which 260.56 sq km is 

land area, 1512.36 sq km reserve forest and 2.47 sq km river area.  Koyra upazila consists 

of seven unions. The unions are: Amadi, Bagali, Dakshin Bedkashi, Koyra, Maharajpur, 

Maheshwaripur and Uttar Bedkashi. Nalian Range is also located within the 

administrative boundary of Koyra upazila but it has been excluded from present study as 

it in the Sundarbans mangrove forest. 

According to the Population Census 2011 (BBS, 2011), Koyra upazila has a population 

of 193931 where 95393 are male and 98538 are female. Total number of household is 
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45750. It has an average literacy rate of 50.4 percent (7+ years). The key demographic 

features are presented in Table 4.2. 

Table 4.2: Demographic information of sub-regional study area 

Union Total 

Population 

Male 

Population 

Female 

Population 

Number of 

Household 

Literacy Rate 

(7+ years) 

Amadi 33184 16352 16832 7460 56.6 

Bagali 34477 16840 17637 8881 50.3 

Dakshin 

Bedkashi 

16755 8370 8385 3881 36.6 

Koyra 33230 16327 16903 7788 52.4 

Maharajpur 31068 14994 16074 7156 41.0 

Maheshwaripur 29992 14998 14994 6911 56.0 

Uttar Bedkashi 15225 7512 7713 3673 55.5 

 

Koyra upazila is dominant in agricultural activities along with mixed aquaculture. Major 

livelihood groups are agriculture labors, marginal and small farmers, fishermen etc. 

About 66.64 percent households depend in agriculture as the main source of income with 

44.30 percent on cropping. 

Despite of being a golden land of opportunities, the upazila is highly vulnerable to natural 

hazards mainly because of its geographic location. Another threat to the upazila is the 

rapid decrease of agricultural lands due to unplanned growth of shrimp farming, 

settlements, markets and growth centers, road and other development activities (MoL, 

2011). 

4.4 Local Level Study Area 

To investigate the spatial variation of different risk indicators, mauza has been considered 

as the unit of analysis for local level of analysis. Bagali union of Koyra upazila has been 

selected for local level of analysis (Figure 4.3). This union is vulnerable than several other 

unions of the upazila due to its geographical location, poor socio-economic condition, 

high poverty rate, poor communication system etc. along with the threat of natural hazards 

like cyclone, storm surge, salinity intrusion etc. Although Dakshin (South) Bedkashi is 

more vulnerable than other unions in Koyra Upazila, no spatial variation is available for 
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this union having only one mauza. For this reason, Bagali union has been considered for 

local level study area of analysis. 

 
Figure 4.3: Local level study area map 

The geographical location, poor socio-economic condition, high poverty rate, poor 

communication system etc. make Bagali union much more vulnerable than several other 

unions of the upazila. Bagali union consists of twenty-six mouzas, thirty villages and two 

blocks. Total area of the union is 48.52 sq km. According to the Population Census 2011 

(BBS, 2011), Bagali union has a total population of 34477 where 16840 are male and 

17637 are female. Population density is 711 with total number of household 8881. The 

average literacy rate among 7+ years people is 50.3 percent. The literacy rate is much 

higher among male population (56.2 percent) than female population (44.8 percent). 

The net cultivable area in Bagali union is 33.50 sq km which is about 70 percent of total 

union area. The other land use characteristics of the union are 14 percent for human 

settlement, 26 percent water body and 32 percent shrimp culture with white fish. Total 

permanent fallow area is about 4.86 sq km with temporary fallow area of 0.5 sq km. This 

union lies under Agro-ecological zone: Ganges Tidal Floodplain (AEZ-13). The soil 

condition of this union is high to very high saline during dry season. The soil salinity 



35 
 

ranges from 14-16 dS/m and soil pH ranges from 6.5-7.8 (MoL, 2011). The homestead 

forest area covers an area of about 14.33 percent of the total union area (6.95 sq km) 

which are situated mainly in the highland areas above normal flood level. The cropping 

intensity of this union is about 167 percent. 

The total area of wetland in Bagali union is 21.39 sq km. Homestead pond fish culture 

occupied an area of 0.26 sq km while commercial fish/prawn culture in rice field 6.59 sq 

km, shrimp culture was 8.65 sq km and open water fisheries of about 5.89 sq km area. 

Main livelihood activity is this union is agriculture. The number of family dependent on 

agriculture is 6841. Among them about 50 percent are share croppers and the other 

farmer’s categories are marginal 1950, small farmer 2196, medium 1162, large 308 and 

1225 landless farmers (MoL, 2011).
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CHAPTER FIVE 

METHODOLOGY 
 

5.1 Introduction 

The severity of any natural or manmade disaster depends not only on the nature of climate 

hazards and the resilience of natural ecosystems, but also on factors such as the degree of 

socio-economic development, social inequalities, human adaptive capacities, health 

status and health services, demographic characteristics, economic livelihood alternatives 

etc. The study followed an integrated methodology to assess risk at multiple scales 

(regional, sub-regional and local) considering both technical and socio-economic 

dimensions for the study area. The methodological framework of the study is shown in 

Figure 5.1. 

 

Figure 5.1: Methodological framework of the study 

The first step of methodology was selection of study areas at different scale. The selection 

of the deltaic part of the coastal zone (17 out of 19 districts, excluding Chittagong and 

Cox’s Bazar) at the regional scale, Koyra upazila in Khulna district in the sub-regional 

scale, and Bagali union in Koyra upazila at the local scale is already elaborated in Section 

4.1. 
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An important second step was the selection of indicators for vulnerability and risk 

assessment framework. Central to this step was adaptation of the IPCC AR5 approach 

which defines ‘Risk’ as an outcome of interaction between ‘Hazards’, ‘Exposure’ and 

‘Vulnerability’ (IPCC, 2014). 

Four major hazard indicators were considered, which are fluvio-tidal flood, cyclone and 

storm surge, erosion and soil salinity. Several domains were considered for vulnerability, 

which include population, gender, health, education, housing and infrastructure, 

economic and livelihood. Consideration of different domains of vulnerability allows 

distinguishing their relative importance as well as relative contribution to risk. A 

preliminary list of possible indicators was selected based on secondary literature and 

expert (Institute of Water and Flood Management (IWFM), Center for Environment and 

Geographic Information Services (CEGIS)) opinions, which would represent different 

components of exposure and vulnerability. The vulnerability indicators were categorized 

into different domains. 

For sub-regional and local scales, the provisional list of indicators was presented to the 

local stakeholders via Key Informant Interviews (KIIs), individual interviews and group 

discussions. The Key Informants included officials from Department of Agriculture 

Extension, District Fisheries Department, District Information Office, Union Parishads, 

Cyclone Preparedness Program (Khulna and Koyra), Bangladesh Environment and 

Development Society (BEDS), Jagrata Juba Shangha (JJS), Union Disaster Management 

Committee, Ashroy Foundation, Coastal Livelihood and Environmental Action Network 

(CLEAN), Bangladesh Association for Sustainable Development (BASD), Concern 

Worldwide. Besides, two group discussions (with 10-12 persons) were organized at the 

Cyclone Preparedness Program (CPP) office at Koyra Sadar Upazila and at a Union 

Parishad (Uttar Bedkashi) office. Individual interviews were held with representatives of 

those two institutes. This resulted in verification of indicators, addition of new indicators 

(perceived as important by stakeholders) or elimination of indicators.  

As the importance of indicator is not uniform across the study area, appropriate weightage 

was determined for each of the indicators and domain for each scale of analysis. Principal 

Component Analysis (PCA) was used to determine the relative importance of indicators 

and domains for regional scale study area. Analytical Hierarchy Process (AHP) was used 

to determine weight for indicators and domains for sub-regional and local level study 
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area. Local stakeholders’ opinions were taken while selecting weights by using AHP 

weightage method. Multi-hazard maps were prepared by combining scale specific hazards 

by weighted sum method. Exposure maps were also prepared by weighted sum method. 

Domain wise vulnerability maps were prepared by combining scale specific indicators by 

weighted sum method and then socio-economic vulnerability maps were prepared by 

combining domain specific vulnerability. Risk maps for each scale of analysis were then 

prepared by incorporating hazard, exposure and vulnerability and analyzed for spatial 

differences. 

5.2 Selection of Indicators for Different Scales 

Choice of indicators for different scales was guided by three considerations: (i) what type 

of data is most appropriate for a spatial scale of interest to quantify vulnerability and risk? 

(ii) what data are available or obtainable at that spatial scale of interest? (iii) are the data 

spatially explicit or can be made spatially explicit? Indicators for different level of 

analysis were selected from literature review and expert opinions. The required data were 

collected from different sources, including Institute of Water and Flood Management 

(IWFM), Center for Environment and Geographic Information Services (CEGIS), 

Household and Population Census 2011, Agricultural Census 2008, Bangladesh Bureau 

of Statistics (BBS) etc. Classification of indicators into exposure and vulnerability was 

made based on expert judgment and looking into various journal articles and reports. 

5.2.1 Hazard indicators 

The major ‘Hazard’ indicators considered for this study include fluvio-tidal flooding, 

storm surge, salinity intrusion, and river bank erosion as these are the regular natural 

hazards occurring in the coastal areas. All these four hazards were for regional level 

analysis. For sub-regional and local level assessment, hazard indicators were selected 

after analyzing different hazard characteristics of the study area. Selected hazard 

indicators for different spatial scales are shown in Table 5.1. The maximum, minimum 

and average polder (enclosed embankment) heights in the study area are 5.75m, 5.50m 

and 5.79 m, respectively (A. Haque & Nicholls, 2018). Areas within the polder are 

generally not flooded during average fluvial flood events. The entire Koyra upazila is 

protected by several polders. Hence the flooding inside the polder area was not considered 

for the sub-regional and local level study. The main hazards at the union and mauza scale 

were also verified with the local level stakeholders. 
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Table 5.1: Selected hazards for different spatial scales 

Regional Sub-Regional Local 

Storm Surge Storm Surge Storm Surge 

Salinity Salinity Salinity 

Erosion Erosion Erosion 

Flood   
 

But there will be differences as regional scale maps do not accurately represent the 

hazards exists at local scales. 

5.2.2 Exposure indicators 

In order to analyze the ‘Exposure’ of the study area, the indicators considered for the 

study include land cover, population density, number of households, etc. As the 

importance of indicators selected as exposure remains similar for all three scales, there is 

no variation of indicators for exposure for different scales of assessment. Selected 

exposure indicators for different spatial scales are shown in Table 5.2. 

Table 5.2: Selected exposure indicators for different spatial scales 

Regional Sub-Regional Local 

Population Density Population Density Population Density 

Proportion of Cropped 

Land 

Proportion of Cropped 

Land 

Proportion of Cropped 

Land 

Number of Household Number of Household Number of Household 

 

5.2.3 Vulnerability indicators 

Coastal ‘Vulnerability’ indicators were categorized into different socio-economic 

domains such as population, gender, health, environment, education, housing and 

infrastructure, economic and livelihood. These domains were then classified based on the 

impact of indicators to socio-economic vulnerability i.e. positive relation or negative 

relation. Selected indicators under each domain for different spatial scales are shown in 

Table 5.3. 
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Table 5.3: Selected domains and indicators for different spatial scales 

Domain Indicator Scale of Analysis 

Population 
Social dependency Regional, Sub-regional, 

Local 
Ratio of disabled to able members Regional, Sub-regional 

Gender 
Female literacy rate Regional, Sub-regional, 

Local 

Female male ratio Regional, Sub-regional, 
Local 

Health 

Households using tap water Regional, Sub-regional, 
Local 

Households using tubewell water Regional, Sub-regional, 
Local 

Non-availability of sanitation facility Regional, Sub-regional, 
Local 

Healthcare facility Regional 

Education 
Literacy rate Regional, Sub-regional, 

Local 
School attendance rate Local 

Housing and 
Infrastructure 

Type of household Regional, Sub-regional, 
Local 

Road network Regional, Sub-regional, 
Local 

Communication network Regional 

Cyclone shelter Regional, Sub-regional, 
Local 

Early warning system Sub-regional, Local 

Economic 

Cropping intensity Regional 
Poverty rate Regional, Sub-regional 

Distance to nearest city Local 
Banking facility Regional 
Insurance facility Regional 

Co-operative society Regional 

Growth centre Regional, Sub-regional, 
Local 

Livelihood 

People involved in agricultural activity Regional, Sub-regional, 
Local 

People involved in industrial activity Regional, Sub-regional, 
Local 

People involved in service Regional, Sub-regional, 
Local 

People involved in household activity Regional, Sub-regional, 
Local 

People Involved in Sundarbans 
Dependent Livelihood Sub-regional 
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Based on literature review, field investigation and expert opinion, indicators were selected 

for each spatial scale of analysis. All the aspects including demography, household 

structure, gender, education, livelihood, economic status, health have been considered 

during this stage as the concept of socio-economic vulnerability is closely connected with 

several domains representing social and economic status of the study area. The selected 

indicator lists were discussed during the Key Informant Interviews (KII) and group 

discussion at the union and mauza level. The relative importance of the indicators was 

discussed along with if any other parameters are important for those scales. 

Population domain 

The population domain consists of two indicators; social dependency and ratio of disabled 

to able members for regional and sub-regional scales. Women, children and elderly 

people and people with partial ability are more vulnerable compared to other people in 

times of natural hazards (Flanagan et al., 2011). Irrespective of any spatial scale of 

analysis, population of these categories are generally considered to be highly vulnerable 

(Cutter et al., 2003). Unavailability of disability data for mauza level limited the indicator 

selection for local level study area under population domain to only one indicator, which 

is social dependency.  

Gender domain 

Gender domain comprised of two indicators; female literacy rate and female to male ratio 

for all the three scales. Female population is considered an important indicator as female 

people have a more difficult time during pre-disaster preparedness and post-disaster 

recovery than male members, due to their sector-specific employment, lower wages, and 

family care responsibilities. At the same time, female literacy rate is an important 

indicator, which influences the female people of their capability to perform these duties 

and responsibilities irrespective of the scale of analysis (Roy & Blaschke, 2015; Cutter et 

al., 2003). 

Health domain 

Health domain is an important factor contributing towards socio-economic vulnerability. 

Health domain consists of four indicators: household using tap water, household using 

tubewell water, non-availability of sanitation facility, and healthcare facility. While data 

on healthcare facility are available only at regional scale, the other indicators are available 

for all three scales. Households with access to improved source of drinking water are less 
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vulnerable to natural hazards. On the other hand, people lacking access to sanitary latrine 

facility are more susceptible to frequency of associated diseases due to natural hazards. 

This increases vulnerability of the area. 

Education domain 

Education domain is another important factor to determine vulnerability. Literacy rate is 

widely used indicators of education domain. Higher literacy rate implies lower 

vulnerability of people with more preparedness and awareness against environmental 

hazards. However, during discussion at the local level, school attendance rate was also 

regarded as an important indicator. School going children can help create awareness about 

environmental concerns and how to better prepare to face them. For community people 

higher school attendance rate represents more opportunity for human resource 

development for developing the local peoples’ adaptive capacities against natural distress 

(Roy & Blaschke, 2015; Laila, 2013). 

Housing and infrastructure domain 

Housing and infrastructure domain consists of several indicators; type of household 

(katcha and jhupri house), road network, communication network, cyclone shelter and 

early warning system. Except early warning system and communication network, the 

other three indicators were used for all three scales. Early warning system was used as an 

indicator for sub-regional and local scales, while communication network was used only 

for regional scale. 

Katcha and jhupri type of household structures are directly related to increasing 

vulnerability. These types of households provide minimum protection in natural hazards 

like storm surge, flood etc. as well as an indicator of poor livelihood status (Laila, 2013). 

Cyclone shelter also provide safety and security in times of cyclone and storm surge 

hazards. Along with providing shelter, most of the present days’ multi-purpose cyclone 

shelters are used as school building throughout the year which is increasing literacy rate 

of the locality. On the other hand, increased road network provides better accessibility 

and mobility during disaster and post-disaster relief work. It also indicates the economic 

condition of any particular area. 

Along with road network, overall communication network (waterways, bridge, culvert 

etc.) reduces vulnerability to people by facilitating better disaster management strategies 
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(Hamid et al., 2014). Due to lack of data availability, communication network was used 

for regional level analysis only.  

During discussion at the local level, early warning system was unanimously considered 

by local stakeholders as an important indicator. This is because of its importance for 

disaster risk reduction. It helps to create social awareness and preparedness before any 

disaster occurs. The number of Cyclone Preparedness Program (CPP) volunteers was 

used as an indicator which represents the level of early warning system because CPP 

volunteers play an important role in disseminating cyclone warnings among villagers and 

to assist their evacuation (Karim and Mimura, 2008). 

Economic domain 

Economic domain represents the economic condition of the people of an area. The 

indicators selected under this domain are cropping intensity, poverty rate, distance to 

nearest city, banking facility, insurance facility, co-operative society and growth centre. 

Higher cropping intensity reduces vulnerability by giving alternate cropping availability 

to the people after any natural disaster. Lack of data limits this indicator to be used for 

regional study area only. Poverty is mainly viewed as a variable having lack of access to 

resources and income generating opportunities, thus increasing vulnerability (Flanagan et 

al., 2011; Cutter et al., 2003).  

Having discussion with community people during field visit it was found that the 

proximity to nearest city is another important indicator for vulnerability assessment. 

Greater the distance to the city, higher the vulnerability and vice-versa (Roy & Blaschke, 

2015). 

There were three economic indicators for which only regional level data is available. 

Banking facility and insurance facility are important to measure the credit facility of the 

people. People from sub-regional and local study area expressed their difficulty in getting 

loan facilities from bank or insurance company because of associated paper works. In 

addition to these, co-operative societies hardly play an important role in times of natural 

hazards, according to local residents. Hence, this was not an important indicator at this 

scale and would not have been used even if data were available at these scales. 

Growth centre reduces vulnerability as it acts as an adaptation measures. It was 

considered as an important indicator by the local level stakeholders during field 



44 
 

investigation. Growth centres are rural infrastructural elements (rural markets developed 

through provision of infrastructure), which have tremendous effect on rural economy. 

They facilitate employment generation and contribute to the increasing number of trades 

and customers, and market turnover. They help in the marketing of agricultural products 

and provide farmers with important agricultural inputs, such as seeds, fertilizers and 

pesticides (Mondal and Das, 2010; Satish, 2007; Khan and Akther, 2000) 

Livelihood domain 

Livelihood domain consists of four indicators for all three spatial scales of analysis. 

Livelihood diversity depends on many factors like the availability of resources and 

accessibility to alternate income generating activities. For the people of all the scale of 

analysis, they have several livelihood options like agricultural activities, industries, 

service, household activities etc. However, Sundarbans dependent livelihood is an 

important indicator at the sub-regional scale, i.e. across Koyra upazila, which is next to 

the Sundarbans. Hence, this was included as a livelihood indicator. The local scale study 

area, i.e. Bagali union, however, does not have much dependence on the Sundarbans as 

far as livelihood is concerned, and hence this indicator was not used for the local scale. 

5.3 Normalization of Indicators 

To avoid the incommensurability of the units in which the individual indicators were 

measured, normalization of data to a common (comparable) unit less scale (1 to 100) was 

performed and the resultant normalized data were used for calculation. Normalization of 

individual variables provides a linear transformation preserving the ranking and 

correlation structure of the original data and allows for variables with different units and 

scales to be used together (Tran et al., 2010; Smith and Tran, 2003). For this study, 

normalization of each indicator was performed by using Equation 5.1. 

𝑁𝑜𝑟𝑚𝑎𝑙𝑖𝑧𝑒𝑑 𝑠𝑐𝑜𝑟𝑒 = 1 +
(100−1)∗(𝐴𝑐𝑡𝑢𝑎𝑙−𝑊𝑜𝑟𝑠𝑡)

(𝐵𝑒𝑠𝑡−𝑊𝑜𝑟𝑠𝑡)
                                              (5.1) 

5.4 Generation and Analysis of Risk Maps at Multiple Scales 

Risk index maps were generated for different spatial scales by aggregation of Hazard, 

Exposure and Vulnerability indicators into a number of steps. The maps were then 

compared and analyzed for identification of spatial differences as well as scale-specific 

development and management plans and prioritization of resources.  
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5.4.1 Determination of weights for different domains and indicators 

Two different methods of weighting were used in this study. For regional scale of analysis 

Principal Component Analysis (PCA) was used whereas for sub-regional and local level 

of assessment Analytical Hierarchy Process (AHP) was used for assigning weights to the 

selected domains and indicators as well as for multi-hazard assessment. Analysis at 

multiple spatial scale by using PCA needs a careful consideration as it involves different 

sets of indicators and sample sizes. For broader scale of analysis, PCA is a very important 

tool as it can reduce the involvement on experts across the entire area under consideration 

(Abson et al., 2012; Gbetibouo and Ringler, 2009) . On the other hand, for smaller scale 

of analysis, AHP can provide better result as it better capture the local stakeholders 

judgement regarding variables. It is well comprehensible even for community members 

with a lower education level as they were asked to prioritize the vulnerability domains 

and indictors on the basis of pairwise comparison. At the same time, AHP reduces bias in 

decision-making by providing a useful mechanism for checking the consistency of the 

evaluation measures and alternatives (Roy and Blaschke, 2015). 

Principal Component Analysis (PCA) 

The indicators are assigned different weights determined by Principal 

Component Analysis (PCA) to avoid the uncertainty of equal weighting given the 

diversity of indicators used. PCA is a statistical method used to extract a smaller and more 

coherent set of uncorrelated (orthogonal) factors from a large number of variables. Each 

component is a linear weighted combination of the initial variables. The components are 

ordered so that the first component accounts for the largest possible amount of variation 

in the original variables and each succeeding component accounts for as much of the 

remaining variability as possible. First principal component explicitly puts more weight 

on variables that are more unequally distributed across the area under consideration. 

Therefore, the first principal component is used to assign weights and then construct an 

overall vulnerability index (Gbetibouo et al., 2010; Krishnan, 2010; Gbetibouo and 

Ringler, 2009;  Labonne et al., 2007; McKenzie, 2005). Weights are chosen to maximize 

the explained proportion of the variance in the original set of indicators. The Statistical 

Package for the Social Sciences (SPSS) software was used for the PCA analysis. 

Analytical Hierarchy Process (AHP) 

In this study, the pair-wise comparison method is adopted to compute the respective 

weights of the indicators for sub-regional and local level analysis as it captures better 
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understanding of different indicators of area under consideration. The Analytical 

Hierarchy Process (AHP) involves pair wise comparisons on a numerical scale (Saaty’s 

scale) as shown in Table 5.4, through expert judgment (Saaty, 1994; 1990). AHP provides 

measures of judgement consistency and simplifies preference ratings among decision 

criteria using pair wise comparisons. The AHP technique thus relies on the supposition 

that humans are more capable of making relative judgments than absolute judgments. It 

provides a useful mechanism for checking the consistency of the evaluation measures; 

hence reduces bias in decision making (Feizizadeh and Blaschke, 2013). 

Table 5.4: The fundamental scale of absolute numbers 

Score Definition 
Less than 1  

(0<Value<1) 
Less Important 

1 Equal Important 
3 More Important 
5 Strong Important 
7 Very strong Important 
9 Extreme Important 

2,4,6,8 Intermediate values 
 

A field visit was conducted to perform several Key Informant Interview (KII) to 

determine weighting factor by using AHP method (Questionnaire for sub-regional scale 

analysis was provided in Appendix A). Field trip was conducted at sub-regional and local 

level study area to better capture the knowledge and perception of local people along with 

expert judgement. The key informants were asked to prioritize the hazards, exposure and 

vulnerability domains and indicators on the basis of a pairwise comparison into the scale 

shown in Table 5.5. This was better to compare indicators as it was relatively easier to 

think of a pair of indicators at a time than several indicators at once. The respondents 

judged and compared the domains based on their perceptions, their past experiences, the 

physical infrastructure, the socio-economic condition of the study area etc. 

The consistency ratio (CR) was also calculated to define the consistency level of the 

judgements given by different experts in pairwise comparisons. In the AHP, the pairwise 

comparisons in a judgement matrix are considered to be adequately consistent if the 

corresponding consistency ratio is less than or equal to10%  i.e. 0.1 (Triantaphyllou and 

Mann, 1995; Saaty, 1990). 
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5.4.2 Preparation of hazard maps 

Cyclone and storm surge hazard (SS) 

Hazard component storm surge (SS) was prepared from model simulation used in DEltas, 

vulnerability and Climate Change: Migration and Adaptation (DECCMA) project at 

Institute of Water and Flood Management (IWFM), Bangladesh University of 

Engineering and Technology (BUET) by using the methodology used in Kabir et al., 

(n.d.). Storm surge maps were generated for two different cyclonic events, 1991 cyclone 

and Sidr by considering spatial distribution of wind speed, surge depth and thrust force. 

These two cyclones were selected after performing 10-year return period by using 

historical cyclone data. Then by using Equation 5.1 normalized SS value was obtained. 

Flood hazard (F) 

Fluvio-tidal flood (F) hazard component was prepared from model simulation used in 

DECCMA project. The fluvio tidal flood was simulated for average flooding condition 

for the coastal area of Bangladesh. Maximum inundation depth 3m was considered for 

the study. Areas within the polder were excluded from flood hazard assessment. The 

maximum flood depth was considered as flood hazard value for each unit of analysis. 

Then by using Equation 5.1 normalized F value was obtained. 

Erosion hazard (E) 

Total eroded area was calculated from satellite images for the years 2001-2011 (source: 

DECCMA project) and then yearly erosion rate was calculated. Erosion (E) was then 

computed as total eroded land per unit area of a unit of analysis by using Equation 5.2 for 

regional scale of analysis. For example, if ‘e’ is the total eroded area in an upazila having 

an area ‘a’, then 

𝑅𝑎𝑤 𝐸 𝑣𝑎𝑙𝑢𝑒 =  
𝑒

𝑎
                                                     (5.2) 

Then by using Equation 5.1 normalized E value was obtained. The E values were confined 

only within the affected areas surrounding a river which is eroding its bank. The 

normalized scales were also confined within the affected areas.  

For sub-regional and local scales of analysis, erosion hazard (E) was used as the total 

length of erosion as more detailed data were not available. Data were obtained by 

participatory methodology by conducted Key Informant Interviews with Union Parishad 

chainmen, CPP volunteers and members from Union Disaster Management Committee. 
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Salinity hazard (Sa) 

Salinity hazard (Sa) is calculated by using the value of soil salinity from SRDI (2010). 

Soil salinity values are classified into five categories based on salinity values as shown in 

Table 5.5. 

Table 5.5: Soil salinity classification by salinity value 

Salinity 

class 

Salinity value 

(dS/m) 

Remarks 

S1 2.0 - 5.0 Non saline with some very slightly saline 

S2 5.1 – 8.0 Very slightly saline with some slightly saline 

S3 8.1 – 12.0 Slightly saline with some moderately saline 

S4 12.1 – 16.0 Strongly saline with some moderately saline 

S5 >16.0 Very strongly saline with some strongly saline 

 

Soil salinity (Sa) is computed directly from the area coverage of the measured values of 

soil salinity. The area coverage for a particular unit of analysis was calculated to find the 

raw value of Sa hazard by using Equation 5.3. Then by using Equation 5.1 normalized Sa 

value was obtained. 

𝑅𝑎𝑤 𝑆𝑎 𝑣𝑎𝑙𝑢𝑒 =
3∗𝑆1 𝑎𝑟𝑒𝑎+6.05∗𝑆2 𝑎𝑟𝑒𝑎+10.05∗𝑆3 𝑎𝑟𝑒𝑎+15.05∗𝑆4 𝑎𝑟𝑒𝑎+16∗𝑆5 𝑎𝑟𝑒𝑎

𝐴𝑟𝑒𝑎 𝑜𝑓 𝑢𝑛𝑖𝑡 𝑜𝑓 𝑎𝑛𝑎𝑙𝑦𝑠𝑖𝑠
          (5.3) 

 

Multi-Hazard map (MH) 

The weights were calculated for each hazards by using PCA for regional scale and AHP 

for sub-regional and local scales. After assigning proper weightages for each hazard, the 

multi-hazard (MH) value was computed by using Equation 5.4. 

𝑀𝐻 = 𝑆𝑆 ∗ 𝑊𝑆𝑆 + 𝐹 ∗ 𝑊𝐹 + 𝐸 ∗ 𝑊𝐸 + 𝑆𝑎 ∗ 𝑊𝑆𝑎                               (5.4) 

Here, weightage factor for storm surge, flood, erosion and salinity hazard is represented 

by WSS, WF, WE and WSa respectively. MH map was prepared using ArcGIS. MH score 

values were classified into three categories: Low, Medium and High and showed in three 

different colors in the map. 
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5.4.3 Preparation of exposure maps 

All the exposure indicators were normalized into 1 – 100 scale by using Equation 5.1. 

After weightage determination by using PCA for regional scale and AHP for sub-regional 

and local scales, exposure (Ex) was calculated by using weighted sum method (Equation 

5.5). 

𝐸𝑥 = 𝑊𝐸𝑥1 ∗ 𝐸𝑥1 + 𝑊𝐸𝑥2 ∗ 𝐸𝑥2 + ⋯ + 𝑊𝐸𝑥𝑛 ∗ 𝐸𝑥𝑛                   (5.5) 

Exposure map was prepared into ArcGIS and classified into five categories and 

represented into five distinct colors in the map. 

5.4.4 Preparation of vulnerability maps 

Vulnerability is viewed as the function of positive and negative relation with selected 

indicators which means the higher the value, higher the vulnerability and vice-versa.  

Domain wise vulnerability 

Domain wise vulnerability (Vd) was calculated for each domain by summing up the 

indicators’ (I) weighted scores under that specific domain (Equation 5.6). 

𝑉𝑑 = 𝑊𝐼1 ∗ 𝐼1 + 𝑊𝐼2 ∗ 𝐼2 + ⋯ + 𝑊𝐼𝑛 ∗ 𝐼𝑛               (5.6) 

Socio-economic vulnerability 

The socio-economic vulnerability score (V) of a specific spatial scale of interest was 

calculated using Equation 5.7 where WVd is the weightage of a domain and D represents 

the scaled value of that domain. Vulnerability map was prepared in ArcGIS; shown into 

five categories (Very Low, Low, Moderate, High and Very High) and represented into 

five distinct colors in the map. 

𝑉 = 𝑊𝑉𝑑1 ∗ 𝐷1 + 𝑊𝑉𝑑2 ∗ 𝐷2 + ⋯ + 𝑊𝑉𝑑𝑛 ∗ 𝐷𝑛               (5.7) 

5.4.5 Preparation of risk maps 

According to IPCC AR5 approach, ‘Risk’ is an outcome of interaction between ‘Hazard’, 

‘Exposure’ and ‘Vulnerability’. For this study, risk (R) was calculated by using Equation 

5.8. 

𝑅 = 𝑀𝐻 ∗ 𝐸𝑥 ∗ 𝑉                                                           (5.8) 
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Risk maps were prepared in ArcGIS for different spatial scale of analysis. Risk scores 

were classified into five categories (Very Low, Low, Moderate, High and Very High) and 

represented into five distinct colors in the map.
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CHAPTER SIX 

FACTORS AFFECTING VULNERABILITY AND RISK AT 

DIFFERENT SPATIAL SCALES 
 

6.1 Introduction 

This chapter discussed the factors affecting socio-economic vulnerability and 

environmental risk assessment by following methodology discussed in chapter five. 

Spatial variability of scale specific hazards was identified and hazard maps were 

presented in color coded maps.  At the same time, exposure and vulnerability indicator 

maps for each scale of analysis were prepared and analyzed for spatial variability. 

6.2 Hazard Identification 

Scale specific hazards were selected following the criteria already discussed in Section 

5.2.1. 

6.2.1 Cyclone and storm surge 

Storm surge hazard is a major environmental hazard for the coastal area of Bangladesh. 

The exterior coast is highly affected by storm surge than the interior coast (Figure 6.1). 

This hazard is particularly higher in the Meghna estuarine area due to its geographical 

location. On the other hand, Sundarbans acts as a buffer zone for storm surge hazard, 

hence the impact is less in the western coast (in Satkhira and greater Khulna region). In 

the central coastal area, Barisal zone is moderately affected by storm surge due to its 

distance from the coastline while Barguna, Patuakhali and Bhola districts are severely 

affected as these districts are exposed to the sea. 

In sub-regional study area, the hazard value is highest in Maheshwaripur union, which is 

located beside the Sundarbans mangrove forest, followed by Dakshin Bedkashi. The 

hazard value is comparatively lower in northern unions, i.e. Amadi and Bagali. In local 

level study area, Katni mauza is the highest affected mauza and Lalua is the least affected 

mauza. The effect of storm surge is visible by the effects of wind speed and thrust force 

in both sub-regional and local study areas. 
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Figure 6.1: Storm surge hazard map 

6.2.2 Flood 

Flood hazard only exists for regional scale of analysis. Gopalganj, Narail, Jessore, 

Shariatpur, Chandpur, Jhalokati districts are highly affected by flood in the regional study 

area (Figure 6.2). Highly affected upazilas are Gopalganj Sadar, Kashiani, Naria, Zanjira, 

Abhaynagar, Dighalia, Kalia, Lohagara, Narail Sadar etc. 

As the entire Koyra upazila is protected by multiple polder, flooding is not considered 

inside the polder area. Hence, flood was excluded from hazard assessment for both sub-

regional and regional study area. 
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Figure 6.2: Flood hazard map 

6.2.3 Erosion 

Erosion is a major hazard in the Meghna estuary area specifically in Shariatpur district in 

regional study area (Figure 6.3). Highly erosion affected upazilas in the regional study 

area are Hizla, Ramgati, Haim Char, Kamalnagar, Daulatkhan, Kala Para, Dacope, 

Sarankhola, Goasirhat, Mongla, Buhanuddin, Bhola Sadar, Tazumuddin. In regional scale 

analysis, he erosion value at Koyra upazila is insignificant (only 0.9 in a scale of 0 to 100) 

due to unavailability of higher resolution data. 

In Koyra upazila, Maheswaripur, Uttar Bedkashi and Dakshin Bedkashi is high erosion 

prone area followed by Maharajapur and Bagali. And in local scale of analysis, erosion 

was found in few mauzas by 0.5-1 kilometers as identified by local people. 
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Figure 6.3: Erosion hazard map 

6.2.4 Soil salinity 

Soil salinity value is higher in western part of the regional study area while it is lower in 

the interior upazilas especially in the central zone. The highly affected districts are 

Khulna, Satkhira and Bagerhat. 

In Koyra upazila, soil salinity value is higher in all the unions except Amadi and Dakshin 

Bedkashi union. And in local level study area, soil salinity is higher in southern part than 

the northern part of Bagali mauza (Figure 6.4). 
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Figure 6.4: Soil salinity hazard map 

6.3 Factors Affecting Vulnerability and Risk 

Exposure indicators directly affect risk for a particular area. On the other hand, 

vulnerability indicators were considered of two types; having positive impact on 

vulnerability and negative impact of vulnerability. Factors affecting vulnerability for each 

scale of analysis are different than that of other scales.  

6.3.1 Exposure indicators 

Exposure indicators were selected following the exposure definition of IPCC AR5 

(IPCC, 2014) which defines exposure as the human and natural system exposure to 

climate change hazards. Hence for all three spatial scales of analysis, exposure 

indicators were same, i.e. population density, number of household and proportion of 

cropped land. 

Population density 

For regional scale of analysis, population density is highest in Begumganj upazila, 

Noakhali district while it is lowest in Manpura upazila, Bhola district. In sub-regional 

scale of analysis, population density is highest in Amadi union and lowest in Koyra union 

(Figure 6.5). In local study area, population density is highest in Islampur mauza and 

lowest in Hogla. It seems that in the exterior coastal area of south-central zone has 
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relatively lower population density in comparison to other parts of the study area. This 

mainly because the exposed coast is more vulnerable to environmental hazards and other 

stresses. On the other hand, district headquarters have higher population density than 

other upazilas of the district as livelihood opportunity is higher in those areas. 

   
Figure 6.5: Population density map   

Number of household 

Number of household is least in Galachipa upazila and highest in Khulna City 

Corporation in regional study area (Figure 6.6). In sub-regional scale of analysis, 

Maheshwaripur union has the lowest household density and Koyra union has the highest 

household density. Uttar Bedkashi and Dakshin Bedkashi have lower household density 

as well, due to its close proximity to Sundarbans. In local study area, Islam mauza has the 

highest number of household while Hogla has the lowest number of household. People 

tends to live in a place with higher livelihood opportunities and basic amenities, and city 

areas are the best place for that. Both Khulna City Corporation and Koyra union enjoyed 

the privileges of being the headquarters on administrative unit; hence have higher number 

of household than other units of analysis for respective scale of analysis. 
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Figure 6.6: Number of household map 

Proportion of cropped land 

Kashiani upazila under Gopalganj district has the highest cropped land in the regional 

level of study area; about 72% of the upazila area (Figure 6.7). Cropped area is 

comparatively less in some areas having higher soil salinity values as soil salinity renders 

negative impact on yield of agricultural production (Few upazilas in Satkhira and Khulna 

district).  

In sub-regional study area, proportion of cropped land percentage in comparatively 

higher, ranging from 59.03% in Uttar Bedkashi union and 81.31% in Bagali union. 

Proportion of cropped land is spatially varied across different mauzas of Bagali union. 

The eastern part has more cropped land than the western part. 
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Figure 6.7: Proportion of cropped land map 

Koyra upazila is recovering its agricultural production now-a-days after the loss incurred 

due to cyclone ‘Aila’. People are now moving to agricultural activities as the soil is 

becoming fertile for crop production. 

6.3.2 Socio-economic vulnerability indicators 

A preliminary list of indicators that was prepared after looking into various journals, 

expert opinion and checking of data availability. Socio-economic indicators were then 

selected for each scale of analysis by following methodology described in Section 5.2.3. 

Social dependency 

Dependent population are highly vulnerable to any type of environmental stress. The 

percentage of dependent population is higher in the Meghna estuary region (Figure 6.8). 

In this region, erosion rate is higher compared to the other parts of the regional level of 

study area. In times of natural disasters, normally male members of a family tend to 

migrate to look for alternate livelihood options and female members take care of the 

family. This tendency renders higher social dependency rate in the erosion prone Meghna 

estuarine region. 
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Figure 6.8: Social dependency map 

In sub-regional study area, the dependency rate is relatively lower (about 68-70%). On 

the other hand, in Bagali union the social dependency rate has higher range of spatial 

variability in different mauzas in Bagali union (ranged from 62% to 75%).  

Ratio of disabled to able members 

Disabled population are highly vulnerable to natural hazards. From the spatial distribution 

of disabled population, it is found that the percentage of disabled population is higher in 

the south-west coastal part of the study area (Figure 6.9). Studies showed that there is 

correlation between higher salinity value with human health which perhaps causes higher 

rate of disability among coastal people (Dasgupta, Huq, & Wheeler, 2016). The disability 

data is not available for mauza level hence it was excluded from local level of analysis. 
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Figure 6.9: Disabled to able population map 

Female literacy rate 

Female literacy rate is a very important indicator of socio-economic vulnerability. Higher 

female literacy rate indicates lower vulnerability among people by increasing higher 

adaptive capacity. The female literacy rate is higher in the south-central zone of the 

regional level study area (Figure 6.10). On the other hand, female literacy rate is 

comparatively lower in Koyra upazlia and Bagali union (around 50%).   
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Figure 6.10: Female literacy rate map 

Female to male ratio 

There are more women than men in the coastal Bangladesh. The sex ratio is higher than 

1 in most of parts of study area (Figure 6.11). This may be a reflection of the tendency of 

higher rate of male out-migration from the hazard prone coastal area. The higher 

proportion of female to male ratio in the Meghna estuary area also correlates well with 

higher social dependency rate of that area. The sex ratio is well distributed in the local 

study area whereas the number of female population is higher in most of the unions of 

Koyra upazila. 
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Figure 6.11: Female to male ratio map 

Households using tap water 

The number of household having the facility of tap water is comparatively low in the 

study area (Figure 6.12). Some district headquarters have higher percentage of tap water 

facilities whereas others re dependent on other source of drinking water. The situation is 

even worse in sub-regional and local study area. Maximum of 2 percent people get tap 

water facilities in few mauzas while the rest have the facility for less than 1 percent of 

total population. 
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Figure 6.12: Household using tap water map 

Household using tubewell water 

The number of household having access to tubewell water is quite good in the study area 

(Figure 6.13). Most of the people in these districts have access to safe drinking water 

(about more than 85 percent of total population). Only few upazilas in Khulna and 

Bagerhat district are lacking behind in terms of having access to tubewell water. 

In sub-regional and local study area, access to tubewell water in increasing now-a-days. 

During field investigations it was found that many local NGOs are working for 

accessibility to safe drinking water and installing deep tube wells in the study areas. 

Hence the situation is getting better now. 
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Figure 6.13: Household using tubewell water map 

Non-availability of sanitation facility 

The situation of access to sanitary latrine is very poor in the coastal area of Bangladesh 

(Figure 6.14). The situation is comparatively better in Gopalganj, Barisal and few upazilas 

in Noakhali, Khulna, Jhalokati districts. Most of the people of the study area either do not 

have any type of sanitary latrine facility or no sanitation facility at all. The situation is 

even worse in Bagali union of Koyra upazila. About 40 percent of the total population of 

Koyra upazila as well as Bagali union do not have access to sanitary latrine facility.   
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Figure 6.14: Non-availability of sanitation facility map 

Healthcare facility 

Healthcare facility is relatively low in the regional study area (Figure 6.15). There are 

multiple types of healthcare facilities e.g. community health complex, upazila health 

complex, govt. owned hospital, private clinic etc. But the number of health centre is less 

compared to the population of any specific location. Situation is even worse in rural areas 

where it is hard to get doctors available in times of emergency. Relevant data is not 

available for sub-regional and local study area. Also local stakeholder opined that it is 

hard to get medicare facilities during normal condition which is turned into worst case 

during disaster.  
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Figure 6.15: Healthcare facility map 

Literacy rate 

The adult literacy rate is higher in Barisal region and lower in char areas of Noakhali, 

Lakshmipur and Bhola districts (Figure 6.16). In the regional study area, literacy rate is 

highest in Khulna city corporation area (about 73%). Access to education is influenced 

by schooling facility in the locality. Many private organizations along with the 

government are working on improving literacy rate among the coastal people. Koyra 

being a very remote area have less number of school available; hence the literacy rate is 

relatively lower. The average literacy rate in Koyra upazila is about 43%.    
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Figure 6.16: Literacy rate map 

School attendance rate 

School attendance rate among children is considered an important indicator to reduce 

vulnerability. Although there are several adult education options available but people 

seem less interested in those programs. Most of time they feel reluctant to go to adult 

education program thinking of becoming embarrassed in the society. On the other hand, 

school going children can easily help people by creating awareness about environmental 

threats and their impacts. The school attendance rate in Bagali union is only about 18 

percent (Figure 6.17). The geographic location of the union is one of the reason for having 

less accessibility to education. 
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Figure 6.17: School attendance rate map 

Type of household 

The construction material of house is a very important indicator of socio-economic 

condition of any particular area. People living in katcha and jhupri house tends to be more 

vulnerable than that of pucca and semi-pucca house. In the regional level of study area, 

people live more in kacha and jhupri type of houses in the exterior coastal area (Figure 

6.18). In the Khulna city corporation area, about 29 percent people live in kactch and 

jhupri houses which is the lowest in the regional study area. In Koyra upazila and Bagali 

union, about 90 percent people live in kutcha and jhupri houses. There is no pucca or 

semi-pucca house in Fakirpota mauza of Bagali union. This also implies poor economic 

condition of the people of the locality. 
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Figure 6.18: Type of household map 

Road network 

Road network is another important indicator having positive impact on reducing 

vulnerability of any locality. In almost all the parts of regional study area, road density 

lies below 3 km/km2 (Figure 6.19). Being urban area Khulna city corporation area has 

higher road density. Koyra upazila, being one of the distant upazila from district 

headquarter, has only 2.28 km/km2 road density. On the other hand, the average road 

density of Bagali union is 6 km/km2. Although there are more village roads in Bagali 

union than metalled or semi-metalled roads, they give mobility and accessibility to with 

other parts to the local people.    
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Figure 6.19: Road density map 

Communication network 

Communication network is the combination of number of bridge, baily bridge, culvert, 

pool, shako, etc. and presence of sea port/ railway station/ ‘Ghat’ etc. It gives local people 

access to communicate with others and increase their adaptive capacity. The 

communication network is comparatively better in Barisal and Jhalokati districts than 

others districts of the regional study area (Figure 6.20). Sub-regional level and local level 

data are not available. 
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Figure 6.20: Communication network map 

Cyclone shelter 

Cyclone shelter is mainly constructed to serve as a shelter for coastal people during 

cyclone and storm surge. It is a very important indicator to reduce vulnerability of coastal 

people. At regional study area, number of cyclone shelter is much higher in few upazilas 

of exposed coastal districts, (Banguna, Patuakhali, Bhola, Lakshmipur and Noakhali) than 

other coastal districts (Figure 6.21). 

The number of cyclone shelter is not sufficient for the people of Koyra upazila as well as 

for Bagali union. Local people expressed their willingness to move to cyclone shelter 

during hazard but the limited capacity prevents them to go. There are only 26 cyclone 

shelters for 204133 people in Koyra upazila and only 3 cyclone shelters for 34477 people 

of Bagali union. In addition to this, women reluctant to go to cyclone shelter because of 

the sexual harassment they face there. There is lack of toilet facility as well. Situation 

needs to improve to save people from cyclonic events. 
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Figure 6.21: Cyclone shelter map 

Early warning system 

Early warning system (EWS) plays an important role in reducing the severe impact of 

natural disasters like cyclone and storm surge (Figure 6.22). It is particularly important 

for local people. For Koyra upazila, Cyclone Preparedness Program (CPP) played an 

important role in disseminating cyclone warning system and raising awareness among the 

mass people. CPP volunteers are very active to the warning systems issued by Bangladesh 

Meteorological Department (BMD) and communicate very well with village people for 

proper evacuation. 
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Figure 6.22: Early warning system map 

Cropping intensity 

Cropping intensity indicates the adaptive capacity of a particular area to recover from any 

natural hazards. Higher cropping intensity indicates higher adaptive capacity to recover 

loss occurred from hazards like cyclone, flood etc. In the regional study area, cropping 

intensity is highest in Phultala upazila and lowest in Galachipa upazila (Figure 6.23). The 

overll cropping intensity is higher in central coastal zone along with parts of Chandpur 

and Feni districts than other parts of the study area. Data are not available for sub-regional 

and local level of analysis. 
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Figure 6.23: Cropping intensity map 

Poverty rate 

The coastal Bangladesh is relatively income-poor in compare to the other parts of the 

country. Among the districts of regional level study area, poverty rate is higher in Barisal, 

Chandpur, Pirojpur, Shariatpur, Satkira, Khulna districts (Figure 6.24). Frequent natural 

disasters and less alternate livelihood opportunities make these people poorer and more 

vulnerable to natural hazards. The people in Koyra upazila are poorer among the poor in 

the coastal area (Ahsan & Warner, 2014). The poverty rate in different unions of Koyra 

upazila ranges between 71% to 87%. Local level study area data are not available for 

poverty rate. 
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Figure 6.24: Poverty rate map 

Distance to nearest city 

Proximity to nearest city is considered to be positively correlated in terms of reducing 

vulnerability of the local people. Access to city area is considered an adaptive capacity to 

fight with natural disasters by local people as it gives them quick access to post disaster 

relief within a very short time as well as gives the opportunity to look for alternate 

livelihood options. Koyra upazila is one of the distant upazila located about 100 km from 

Khulna city. People from Bagali union have the advantage of geographical location of 

situated close to the upazila headquarter Koyra (Figure 6.25). 
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Figure 6.25: Distance to nearest city map 

Banking facility 

Banking facility is an indicator of credit facility of the people. Usually urban people have 

higher baking facility than rural people (Figure 6.26). At the same time, people from rural 

area more often do not get access to banking facility because of lack of awareness and 

different banking policies that are not user friendly for rural people. Banking facility data 

are not available at sub-regional and regional scale study area. 
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Figure 6.26: Banking facility map 

Insurance facility 

People in rural area usually do not get proper insurance facility. Insurance policy is not 

easily understandable by rural people; hence they are reluctant to go for insurance policy. 

But urban people are becoming more conscious now and willing to go for insurance 

(Figure 6.27). Insurance facility data are not available at sub-regional and regional scale 

study area. 
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Figure 6.27: Insurance facility map 

Co-operative society 

The number of co-operative societies are widely scattered throughout the regional study 

area (Figure 6.28). It plays an important role in creating social awareness in various issues 

and acts as an adaptive measure. In contrary to this, the people in sub-regional and local 

study area opined that the co-operative society do not have any significant role in disaster 

risk reduction.    
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Figure 6.28: Co-operative society map 

Growth centre 

Growth centre is a very important adaptive capacity indicator having negative impact on 

vulnerability. The number of growth centre is higher in couth-central region in compare 

to the other parts of regional level study area (Figure 6.29). In Koyra upazila, number of 

growth centre is higher in southern unions whereas in Bagali union, there are 5 growth 

centres in 4 mauzas. 
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Figure 6.29: Growth centre map 

People involved in agricultural activity 

People in Bhola and Shariatpur districts are more involved in agricultural activities than 

other parts of the study area (Figure 6.30). Male members of the family are more involved 

in agriculture than female members. In Koyra upazila, an average of 7 percent involved 

in agriculture. The agricultural productivity dropped in this area after cyclone ‘Aila’ but 

the situation is changing now and people are getting more involved in agriculture now. 
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Figure 6.30: People involved in agricultural activity map 

People involved in industrial activity 

The number of industry is higher in urban areas and areas having easy access to transport 

facilities (Figure 6.31). Khulna district has higher people involved in various industrial 

activities. On the other hand, in Koyra upazila, only 0.15% people engaged in industry 

works. And in Bagali union, 0.1 percent people are involved in industrial works. 
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Figure 6.31: People involved in industrial activity map 

People involved in service 

Urban people have greater opportunity to alternate livelihood options. Rural people are 

less likely to involved in service. In addition to this, migration rate is higher among 

educated people in various types of service which results in a lower percentage of people 

in the study area engaged in service. In Bagali union, people in service in only about 0.1 

percent (Figure 6.32).  
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Figure 6.32: People involved in service map 

People involved in household activity 

Household activities is one of the major income generating activities among the coastal 

people of Bangladesh. These includes homestead vegetation, cottage industry, working 

for various NGOs staying at home etc. In Koyra upazila and Bagali union, there are few 

NGOs that are working for skill development of local people to make them financial 

solvent (Figure 6.33). 
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Figure 6.33: People involved in household activity map 

People involved in Sundarbans dependent livelihood 

Koyra upazila is located very close to the Sundarbans which gives the local people access 

to various forest resources. Proximity to Sundarbans gives opportunity to various 

livelihood activities like honey collection, forest fishery, fry collection, fuelwood 

collection, crab selling, nipa palm collection etc. (Abdullah et al., 2016; Getzner and 

Islam, 2013). On contrary to these, during an event of natural disaster like cyclone and 

storm surge, forestry dependent livelihood gets severely affected due to scarcity of forest 

resources which increases their vulnerability and coping capacity (Ahsan and Warner, 

2014). For this reason, Sundarbans dependent livelihood activity was considered having 

increasing impact o vulnerability for this study. 

People dependent on Sundarbans varies widely across the unions of Koyra upazila (Figure 

6.34). The lowest dependency was found in Amadi union (4.64%) while the highest 

dependency was found in Maharajapur union (47.59%). 
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Figure 6.34: People involved in Sundarbans dependent livelihood map 

Selection of indicators (hazard, exposure and vulnerability) was done by literature review, 

consultation with experts, KIIs and local stakeholders. It was very important to select 

scale appropriate indicators for each scale of analysis. From mapping of different 

indicators at different scales of analysis, spatial variability of the indicators was noticed. 

Additional indicators were also included in the study for sub-regional and local scales 

which showed a significant importance in the overall socio-economic condition of the 

study areas as well as the environmental hazards condition for that particular area.



86 
 

CHAPTER SEVEN 

VULNERABILITY AND RISK AT DIFFERENT SPATIAL SCALES 
 

7.1 Introduction 

This chapter represents the socio-economic vulnerability and environmental risk 

assessment. Relative importance, i.e. weightage, of indictors and domains were calculated 

by using PCA for regional scale and by AHP for sub-regional and local scales. Risk due 

to environmental hazards were determined by considering risk as a function of hazard, 

exposure and vulnerability.  

7.2 Spatial Variability of Weightage 

The weights for various indicators and domains were calculated by using methodology 

described in chapter four. From the discussion with local stakeholders and experts, it was 

clear that the spatial variation of weightage between sub-regional scale and local scale is 

insignificant. Hence similar weightage was used for both scales of analysis. For broader 

scale of analysis, PCA is a very important tool as it can reduce the involvement on experts 

for the entire area under consideration. On the other hand, for smaller scale of analysis, 

AHP provides better result by considering the local stakeholders’ judgement for 

determination of significance of variables under consideration. 

For different spatial scales of analysis, the relative importance of variables and domains 

were found similar in some case whereas it was found different for others. For example, 

in multi-hazard map preparation, the relative weights for regional scale for flood, storm 

surge, erosion and salinity were 0.0572, 0.3331, 0.3083 and 0.3015 respectively. On the 

other hand, weights were 0.0934, 0.6853 and 0.2213 for storm surge, erosion and salinity 

respectively. The main reason behind this variation of weights is due to the variability 

pattern of hazards in different scales of analysis. At the same time, people’s perception 

regarding individual variable is also important factor in determining weight whereas PCA 

doesn’t consider human perception rather it determine weights based on distribution of 

dataset and their correlation. Both the weightage methods were found significantly useful 

for respective scales of analysis. The weights for regional, sub-regional and local scales 

are shown in Table 7.1, 7.2 and 7.3 respectively. 
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Table 7.1: Weightage for regional scale 

Domain / Category Indicators Weight 

Population 
Social Dependency 0.8789 
Disable Population 0.1211 

Gender 
Female Literacy Rate 0.1088 
Female to Male Ratio 0.8912 

Health 

Household using Tap Water 0.4450 
Household using Tubewell Water 0.0471 

Non-availability of Sanitation Facility 0.2827 
Healthcare Facility 0.2251 

Education Literacy Rate 1.0000 

Housing and 
Infrastructure 

Type of Household 0.3286 
Road Density 0.3331 

Communication Network 0.2861 
Cyclone Shelter 0.0522 

Economic 

Cropping Intensity 0.1194 
Poverty Rate 0.2753 

Banking Facility 0.2212 
Insurance Facility 0.1646 

Co-operative Society 0.1882 
Growth Centre 0.0313 

Livelihood People Involved in Agricultural Activity 0.3577 
People Involved in Industrial Activity 0.1717 

People Involved in Service 0.1209 
People Involved in Household Activity 0.3497 

Multi-hazard 

Flood 0.0572 
Storm Surge 0.3331 

Erosion 0.3083 
Salinity 0.3015 

Exposure 
Population Density 0.4566 

Number of Household 0.4620 
Proportion of Cropped Land 0.0814 

Vulnerability 

Population Domain 0.1619 
Gender Domain 0.1268 
Health Domain 0.1711 

Education Domain 0.1990 
Housing and Infrastructure Domain 0.1788 

Economic Domain 0.1412 
Livelihood Domain 0.0213 
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Table 7.2:  Weightage for sub-regional scale 

Domain / Category Indicators Weight 

Population 
Social Dependency 0.8750 
Disable Population 0.1250 

Gender 
Female Literacy Rate 0.1429 
Female to Male Ratio 0.8571 

Health 
Household using Tap Water 0.0923 

Household using Tubewell Water 0.1941 
Non-availability of Sanitation Facility 0.7136 

Education Literacy Rate 1.0000 

Housing and 
Infrastructure 

Type of Household 0.4790 
Road Density 0.0676 

Cyclone Shelter 0.3141 
Early Warning System 0.1392 

Economic 
Poverty Rate 0.8750 

Growth Centre 0.1250 

Livelihood 

People Involved in Agricultural 
Activity 0.3811 

People Involved in Industrial Activity 0.0513 
People Involved in Service 0.0549 

People Involved in Household 
Activity 0.2958 

People Involved in Sundarbans 
Dependent Livelihood 0.2169 

Multi-hazard 
Storm Surge 0.0934 

Erosion 0.6853 
Salinity 0.2213 

Exposure 
Population Density 0.5679 

Number of Household 0.3339 
Proportion of Cropped Land 0.0982 

Vulnerability 

Population Domain 0.0580 
Gender Domain 0.0294 
Health Domain 0.0552 

Education Domain 0.2735 
Housing and Infrastructure Domain 0.3368 

Economic Domain 0.1121 
Livelihood Domain 0.1351 
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Table 7.3:  Weightage for local scale 

Domain / Category Indicators Weight 
Population Social Dependency 1.0000 

Gender 
Female Literacy Rate 0.1429 
Female to Male Ratio 0.8571 

Health 
Household using Tap Water 0.0923 

Household using Tubewell Water 0.1941 
Non-availability of Sanitation Facility 0.7136 

Education 
Literacy Rate 0.1429 

School Attendance Rate 0.8571 

Housing and 
Infrastructure 

Type of Household 0.4790 
Road Density 0.0676 

Cyclone Shelter 0.3141 
Early Warning System 0.1392 

Economic 
Distance to Nearest City 0.5000 

Growth Centre 0.5000 

Livelihood 

People Involved in Agricultural 
Activity 0.4876 

People Involved in Industrial Activity 0.0654 
People Involved in Service 0.0700 

People Involved in Household 
Activity 0.3771 

Multi-hazard 
Storm Surge 0.0934 

Erosion 0.6853 
Salinity 0.2213 

Exposure 
Population Density 0.5679 

Number of Household 0.3339 
Proportion of Cropped Land 0.0982 

Vulnerability 

Population Domain 0.0580 
Gender Domain 0.0294 
Health Domain 0.0552 

Education Domain 0.2735 
Housing and Infrastructure Domain 0.3368 

Economic Domain 0.1121 
Livelihood Domain 0.1351 

Comparison of vulnerability domains are shown in Figure 7.1. For regional scale, 

education is the most important domain whereas in sub-regional and local scales, housing 

and infrastructure domain was found the most important factor by a significant difference 

with other domains for determining the overall socio-economic vulnerability. Education 

received the second highest weightage in regional scale. This is due to the use of two 



90 
 

different methods of weightage calculation for different scales of analysis, i.e. PCA for 

regional scale and AHP for sub-regional scales, the latter relying heavily on stakeholder 

derived weightage. 

 

Figure 7.1: Comparison of domains for different spatial scales of analysis 

The relative ranking of different domains of socio-economic vulnerability is show in 

Table 7.4. For sub-regional and local level study areas, the relative importance of housing 

and infrastructure domain was found very high with weightage value 0.3368 while the 

second important domain was found education with the weightage value of 0.2735. This 

is due to the local peoples’ perception on various domains of vulnerability. Housing and 

infrastructure domain was considered significantly important as it is the indicator of 

shelter security for the people in times of natural disaster. Having a better housing facility 

helps to cope with the threats better than many other factors that affects vulnerability 

condition. At the same time, road network and communication network provides mobility 

and accessibility to resources and increase economic activity. 

In regional scale of analysis, health indicator was found in third rank while it was found 

ranked sixth by the local stakeholders. During field investigation it was found that the 

healthcare facility is hardly available at sub-regional and local study area whereas no 

medicare was available for them at the time of natural hazards. Perhaps this leads to think 

of them being deprived of healthcare availability and hence gave less importance to health 

domain. 
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Table 7.4: Ranking comparison for different domains of socio-economic vulnerability 

Domains Rank (Regional 
Scale) 

Rank (Sub-regional 
and Local Scale) 

Population 4 5 

Gender 6 7 

Health 3 6 

Education 1 2 

Housing and Infrastructure 2 1 

Economic 5 4 

Livelihood 7 3 

Livelihood domain was ranked bottom by PCA at regional scale whereas it was ranked 

third by the AHP driven weightage at sub-regional and local scales. They consider it a 

very important factor that increases their vulnerability due to environmental hazards, as 

the main livelihood activities, viz. agricultural activity, Sundarbans dependency are prone 

to salinity, cyclonic storm surge and erosion hazards. Also the alternate livelihood 

opportunity is limited for the people at sub-regional and local study area (mainly 

agriculture, household activity and Sundarbans dependent livelihood activities). 

7.3 Multi-hazard Map Generation 

Multi-hazard maps for different spatial scales are generated by combining hazards for 

each scale by following methodology described in chapter four. The weights were 

determined by PCA for regional scale and by AHP for sub-regional and local scales of 

analysis.  

In regional scale, multi-hazard value is higher in exposed coastal upazilas whereas it is 

lower in interior upazilas (Figure 7.2). Storm surge and soil salinity plays pivotal role in 

the categorization of multi-hazard in western and central zones while the contribution of 

river bank erosion is also significant in the Meghna estuary area. 
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Figure 7.2: Multi-hazard map 

As already discussed in Section 5.2.1, all four hazards were considered in multi-hazard 

analysis at the regional scale. However, extent of some hazards are masked at this scale 

because of issues with data availability at the unit of analysis i.e. upazila. The secondary 

data showed almost zero erosion in Koyra upazila, while it is a substantial concern in 

Koyra in reality. The was clear from the responses received from the local stakeholders 

during the field data collection. That erosion is a problem in Koyra is also reported in a 

number of studies (e.g. Sadik et al., 2018; Biswas et al., 2015). Rahman (2017) found 

erosion to be the biggest concern of all hazards in Koyra. The local stakeholders also gave 

much higher weightage to erosion. Sadik et al. (2018) found that the embankments around 

polder 13-14/2 and 14/1, which protect Koyra upazila, are weakened due to absence of 

effective maintenance and monitoring system, illegal pipes installed by shrimp farmers 

beneath the embankment to irrigate shrimp ponds, illegal activities on embankment 

(construction of housing, livestock shelter, unplanned tree plantation etc.). These had 

already weakened the embankment and had been causing river bank erosion. During Aila, 

embankment breached at 34 locations, and although restoration was done by Bangladesh 

Water Development Board (BWDB), albeit slowly for one polder (polder 14/1), lack of 

maintenance and monitoring meant that the present condition of the earthen embankment 

is even worse than before Aila. 
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Figure 7.3: Multi-hazard variation at sub-regional scale 

In sub-regional area, geographical location played a significant role in multi-hazard 

zonation of different unions in Koyra upazila. Maheshwaripur, Uttar Bedkashi and 

Dakshin Bedkashi, located beside the Sundarbans, are affected by all the three hazards, 

i.e. storm surge, erosion and soil salinity. On the other hand, Amadi union is least affected 

by natural hazards which is clear from Figure 7.3. Erosion hazard clearly dominates 

among the three hazards, with Uttar Bedkashi, Dakshin Bedkashi and Maheshwaripur 

particularly susceptible to erosion. 

 

Figure 7.4: Multi-hazard values of different mauzas at local scale 
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The variation in hazards and weightings between regional, sub-regional and local scales 

also imparted the aggregated multi-scale values at these scales. For example, multi-hazard 

value for Koyra was 38.393 at the regional scale and 63.126 at the sub-regional scale. 

The multi-hazard values for each mauza in Bagali union are shown in Figure 7.4. 

Although the multi-hazard value of Bagali is low (52.558), the multi-hazard values are 

very high in seven mauzas (e.g. Kusadanga, Narayanpur, Bagali, Ghugrakati, Ula etc.) 

out of twenty-six mauzas because of high value of erosion. This again shows the 

usefulness of assessment at the local scale in a nested multi-scale approach. 

In local scale of analysis, Lalua mauza is the least affected mauza whereas Ula is the 

highest affected mauza in Bagali union. Lalua mauza is affected by soil salinity and there 

is no erosion problem in this mauza. On the other hand, Ula is highly affected by all the 

three environmental threats. Although, the severity of storm surge is higher in this mauza 

compared to other mauzas in Bagali union, the lower weightage factor for storm surge 

reduced its impact in multi-hazard condition. 

7.4 Exposure 

Exposures are directly proportional to environmental risk due to climate change. Higher 

exposure value implies higher risk and vice versa. Among the three selected exposure 

indicators, number of household contributes more to risk followed by population density 

and proportion of cropped land.  
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Figure 7.5: Exposure map 

Based on weighted scores of exposure, it was found that Khulna City Corporation, Khulna 

district is the most exposed upazila to environmental hazards; and Manpura upazila, 

Bhola district is the least exposed upazila among the upazilas considered for regional 

level of analysis (Figure 7.5). From the weighted values of the indicators, it was found 

that the number of household is maximum in Khulna City Corporation (46.20) which 

contributes the most in increasing its exposure value to natural hazards (Figure 7.6). On 

the other hand, in spite of being located at the exterior coastal zone, Manpura upazila has 

lower value of exposure indicators (population density 0.46, number of household 0.53 

and proportion of cropped land 4.34) which makes it less vulnerable to environmental 

hazards compared to other upazilas of the regional level study area. 
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Figure 7.6: Relative contribution of exposure indicators for Khulna City Corporation, 

Khulna district and Manpura upazila, Bhola district  

In sub-regional level of analysis, Koyra union was found to be the most exposed union 

among the unions in Koyra upazila (Figure 7.7). Being the administrative headquarter, 

Koyra has higher population density than other unions; although the highest population 

density is in Amadi union. Lower values of population density and cropped area made 

Uttar Bedkashi the least exposed union in Koyra upazila. 

 

Figure 7.7: Relative contribution of exposure indicators in sub-regional study area 

The exposure values for different mauzas in local study area are shown in Figure 7.8. In 

local level study area, Islampur mauza was found to be the most exposed mauza to 

environmental hazards due to its higher values of population density and number of 
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household. On the other hand, Hogla mauza was found to be the least exposed mauza 

with lowest values of elements a risk i.e. population density and number of household. 

 

Figure 7.8: Exposure values of different mauzas at local scale 

An important aspect of the analysis is that participatory weighting of indicators impact 

the aggregated exposure. For example, different weighting in sub-regional scale by 

stakeholders resulted in higher aggregated exposure value (44.495) for Koyra, compared 

to the value (24.356) obtained from regional scale analysis. 

7.5 Domain-wise Vulnerability 

7.5.1 Population domain 

Two population indicators, social dependency and disabled to able ratio, both have 

increasing effect on socio-economic vulnerability. From the weightage calculation of 

regional and sub-regional scales of analysis, it is clearly visible that social dependency is 

dominating factor for determining population vulnerability than disabled to able people 

ratio. 
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Figure 7.9: Population domain map 

In terms of population vulnerability, Kabirhat upazila (Noakhali district) is the highest 

vulnerable upazila and Khulna City Corporation (Khulna district) is the lowest in regional 

study area (Figure 7.9). Study findings indicated that Kabirhat upazila has maximum 

social dependency of about 75% dependent population whereas Khulna city corporation 

has around 64.5% dependent population which is the lowest in regional study area. On 

the other hand, two different upazilas of Chandpur district has highest and lowest 

percentage of disabled population. Shahrasti upazila has the highest rate (3.3%) and Haim 

Char has the lowest (about1%). 

Based on weighted scores it was found that Dakshin Bedkashi was the most vulnerable 

union and Amadi was the least vulnerable union in sub-regional study area (Figure 7.10). 

For sub-regional study area, the social dependency percentage rages from 68.7% to 70.4% 

with an average of 69.7%. Dakshin Bedkahsi, the most natural hazard affected union in 

Koyra upazila, has the highest social dependency among the unions of this upazila. In 

Koyra upazila, Uttar Bedkashi union occupied the highest percentage of disable 

population (3.7%) while Amadi union occupied the lowest percentage of disability 

(1.3%); although the average disability percentage is about 2.4%.  
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Figure 7.10: Population domain values at sub-regional study area 

In local study area, Fatekati mauza was found as the most vulnerable unit whereas 

Kalapota mauza was the least vulnerable unit of analysis (Figure 7.11). For local level 

study area, disability data are not available, hence social dependency was used as the 

population domain vulnerability. In Bagali union, Fatekati mauza is the highest 

vulnerable mauza with a dependency percentage of 74.6 whereas Kalapota mauza is the 

least vulnerable occupying dependency percentage of 62.3. 

 

Figure 7.11: Population domain values at local study area 

In summary, the contribution of social dependency to population domain vulnerability is 

much higher than proportion of disabled people. The relative weights were comparable at 
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regional and sub-regional scales. On the other hand, the relative contribution of disabled 

to able people ratio is significantly lowers in population domain for both regional and 

sub-regional scales, it was an important indicator to determine social vulnerability for any 

area. 

7.5.2 Gender domain 

Gender domain comprised of two indicators, female literacy rate and female to male ratio. 

Female literacy rate is considered to have decreasing impact on vulnerability i.e. higher 

female literacy rate implies less vulnerability and vice versa. On the other hand, higher 

female to male ratio implies higher vulnerability. For all the three scales of analysis, 

female to male ratio was considered having more weightage than female literacy rate in 

terms of vulnerability to environmental hazards. Female population are usually 

considered more vulnerable than male members of a family. This perhaps was the reason 

of female to male ratio being the dominant indicator for gender domain of vulnerability. 

 
Figure 7.12: Gender domain map 

In regional study area, Sonaimuri (Noakhali district) and Ramganj (Lakshmipur district) 

upazila have the highest weighted gender vulnerability score (about 90) and Sarankhola 

upazila (Bagerhat district) is the least vulnerable with weighted score 3 (Figure 7.12). 

Both Sonaimuri and Ramganj upazilas have the highest female to male ratio (1.18) 
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whereas Sarankhola has a female to male ratio of 0.91. The overall female to male ratio 

is higher is Barisal region. Several studies found that the migration rate is higher in this 

region. Typically, male members migrate first to seek for alternate livelihood 

opportunities rendering higher female population in these areas. Female literacy rate is 

lowest in Kamalnagar upazila, Lakshmipur district (29.32%) and highest in Pirojpur 

Sadar upazila, Pirojpur district (69.84%). 

 

Figure 7.13: Relative contribution of gender domain indicators in sub-regional study 

area  

For sub-regional study area, Koyra union has the highest female to male ratio and highest 

female literacy rate resulting in occupied the highest vulnerable union in terms of gender 

domain although both of these indicators have inverse relation in terms of vulnerability 

(Figure 7.13). 
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Figure 7.14: Weighted scores of gender domain in local study area 

In Bagali union, Fatekati mauza was found to be the highest vulnerable mauza and 

Kalapota mauza is the least vulnerable. Kalapota has the lowest female to male ratio 

which results in becoming the least vulnerable mauza. The spatial variability of gender 

domain scores for most of the mauzas of Bagali union was shown in Figure 7.14. 

Although the gender domain vulnerability in most of the mauzas of Bagali union is higher, 

it was not well captured in sub-regional scale of analysis. The vulnerability values are 

unitless numbers that represent the relative degree of vulnerability in comparison with 

other units of analysis. Hence the higher degree of vulnerability of different mauzas at 

local scale was not present in sub-regional scale which represents the vulnerability of 

Bagali union in comparison with other unions of Koyra upazila. Hence it is very important 

to conduct multi-scale assessment for proper understanding of real situation. 

7.5.3 Health domain 

In health domain, four indicators were selected. Indicators are household using tap water, 

household using tubewell water, non-availability of sanitation facility and healthcare 

facility. The overall health facility in the regional study area is relatively low (Figure 

7.15).  
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Figure 7.15: Health domain map 

For regional study area, the PCA derived weightage for indicators are 0.445, 0.047, 0.283 

and 0.225 for household using tap water, household using tubewell water, non-availability 

of sanitation facility and healthcare facility respectively. On the other hand, by using AHP 

weightage, the weights for household using tap water, household using tubewell water 

and non-availability of sanitation facility are 0.092, 0.194 and 0.714 respectively. As the 

healthcare facility is not available in Koyra upazila, this indicator value is omitted from 

the calculation of health domain for sub-regional and local scale of analysis. Koyra being 

a very remote upazila, tap water facility is hardly available. In addition to this, there are 

few rainwater harvesting facility available to local people installed by different NGOs 

which serves the drinking water purpose for few months. But due to limitation of 

availability of proper information, this indicator could not be used in this study. 

Tubewell water is the main source of drinking water in Koyra upazila. About 88% people 

have access to tubewell water. On the other hand, only about 2.5% people have tap water 

facility. About 27% people do not have proper sanitation facility. Either they have non-

sanitary latrine or no sanitary latrine at all. 
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Figure 7.16: Health vulnerability condition for Manpura upazila, Bhola district and 

Pirojpur Sadar upazila, Pirojpur district 

Manpura upazila (Bhola district) is the most vulnerable upazila in regional study area 

(weighted score 95.48) and Pirojpur Sadar upazila (Pirojpur district) is the least 

vulnerable upazila (weighted score 20.78). In Manpura upazila there is no tap water 

accessibility by the people (Figure 7.16). About 73% people do not have access to sanitary 

latrine facility which is the highest in the study area. On the other hand, the health 

indicators in Pirojpur Sadar upazila have better weighted values compared to other 

upazilas in the study area. The overall health vulnerability condition of Koyra upazila is 

very high which is also visible from analysis of sub-regional study area. 

 
Figure 7.17: Health domain variation across unions of Koyra upazila 

0

20

40

60

80

100

120

HH Using Tap
Water

HH using
Tubewell Water

No Sanitation Healthcare Health

Health Vulnerability for Manpura and Pirojpur 
Sadar

Manpura Pirojpur Sadar

0
10
20
30
40
50
60
70
80
90

100

Amadi Bagali Dakshin
Bedkashi

Koyra Maharajpur Maheshwaripur Uttar Bedkashi

Health Domain (Sub-regional Scale)
HH using Tap Water HH using Tubewell Water No Sanitation Health



105 
 

In sub-regional study area, Dakshin Bedkashi is the most vulnerable union (weighted 

score 91.46) and Uttar Bedkashi is the least vulnerable union (Weighted score 9.33) 

(Figure 7.17). Being located beside the Sundarbans, Dakshin Bedkashi union lacks many 

basic facilities; healthcare facility is one of them. On the other hand, many local and 

international NGOs are working in Uttar Bedkashi union and helping local people to get 

better drinking water facilities. Most of the tube wells in Koyra upazila are found in Uttar 

Bedkashi and Koyra union. This has also found in a previous study by Rahman (2017). 

But Amadi and Bagali have acute drinking water problem in terms of source of drinking 

water. 

In Bagali union, Sreefaltala mauza is the most vulnerable area (Figure 7.18) where around 

94% people do not have access to sanitary latrine, only 3.2% people have access to 

tubewell water. In contrary to that, Katni mauza is the least vulnerable. About 90% people 

in this mauza have access to tubewell water; only 3.33% people do not   have sanitary 

latrine facility. 

 

Figure 7.18: Health domain vulnerability values for Bagali union 

In terms of health vulnerability, the relative importance of non-availability of sanitation 

facility was weighted the highest by local stakeholder (weightage value 0.7136) while the 

tap water and tubewell water facility got weightage values of 0.0923 and 0.1941 

respectively. This wide variation of weights is due to peoples’ perception of these 

indicators. They are less concerned about the quality of drinking water as they can easily 

get drinking water from other sources like pond water, river water etc. But sanitation 
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facility is of higher concern to them as it is not readily available at nature. Hence they 

ranked non-availability of sanitation facility the highest in terms of health vulnerability. 

7.5.4 Education domain 

In this domain, literacy rate is selected as the common indicator of vulnerability for all 

three different spatial scales of analysis. School attendance rate among 7+ age children is 

considered an important indicator that increases adaptive capacity of the people. Village 

people emphasize more on child education than on adult education. Most of the time they 

are reluctant to avail the opportunity of adult education. 

 
Figure 7.19: Education domain map 

The average literacy rate of regional study area is 56% while it is highest (72.7%) in 

Khulna city corporation, Khulna district and lowest (30.7%) in Kamalnagar upazila, 

Lakshmipur district. Higher literacy rate indicates lower vulnerability and vice versa. The 

upazilas beside Lower Meghna river in Noakhali and Lakshmipur districts are highly 

vulnerable in terms of education (Figure 7.19). And the south-central zone is less 

vulnerable in this aspect. As upazila, Koyra is moderately vulnerable with literacy rate 

53.54%. 
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Figure 7.20: Education domain values at sub-regional study area 

In Koyra upazila as sub-regional study area, Dakshin Bedkashi has the lowest literacy 

rate (only 24.5%) and Uttar Bedkashi union has the highest literacy rate (63.4%) (Figure 

7.20) which resulted in Dakshin Bedkashi as the highest vulnerable union and Uttar 

Bedkashi the least vulnerable union in this upazila. In Bagali union, Bara Pota is the most 

vulnerable mauza with weighted score 98.21 and Narayanpur mauza is the least 

vulnerable with weighted score 8.17 (Figure 7.21). School attendance rate among the 

children in Narayanpur is the highest in Bagali union although the rate is 24.83% which 

is low compared to the national average. 

 

Figure 7.21: Education domain values at local study area 

In local scale of analysis, people are more concerned about child education which was 

also reflected in relative weightage of the indicators in this domain. Literacy rate got 
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0.1429 weightage whereas school attendance rate got 0.8571 weightage value. At the 

same time, the spatial variation of education domain vulnerability for different mauzas at 

Bagali union although it was found moderately vulnerable in sub-regional scale 

assessment. It showed the importance of multi-scale assessment for development 

prioritization in relation to education sector. 

7.5.5 Housing and infrastructure domain 

Housing and infrastructure vulnerability was calculated on the basis of the indicators 

selected for this domain. Type of household, road network, communication network and 

cyclone shelter have been selected for regional scale while type of household, road 

network, cyclone shelter and early warning system have been selected for sub-regional 

and local scales. 

 
Figure 7.22: Housing and infrastructure domain map 

Among the upazilas in regional study area, Subarnachar upazila (Noakhali district) was 

found the most vulnerable (weighted score 96.75) while Khulna City Corporation 

(Khulna district) was found the least vulnerable upazila (weighted score 34.01) (Figure 

7.22). Khulna city corporation enjoyed the advantage of being the administrative centre 

(divisional headquarter) and thus become less vulnerable to environmental hazards. On 

the other hand, most of the upazilas in exposed coastal area are highly vulnerable in terms 

of housing facilities. Most of the people in this area live in katcha and jhupri houses which 
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are made of weak construction materials like bamboo, mud, straw etc. Road network is 

another important indicator that gives mobility to the people in times of emergency. 

Khulna City Corporation possessed the highest road density while Subarnchar possessed 

the lowest road density of 0.86km/km2. 

Koyra upazila is highly vulnerable in terms of housing and infrastructure vulnerability 

with weighted score 86.65. It is highly vulnerable due to its poor household structure 

(weighted score 29.22), communication network (weighted score 27.07) and road density 

(weighted score 26.07) although the weighted contribution of cyclone shelter is better 

(weighted score 4.29). 

 

Figure 7.23: Housing and infrastructure domain variability for sub-regional study area 

Among the unions of Koyra upazila, Dakshin Bedkashi was found the highest vulnerable 

union and Amadi was found to be the least vulnerable union (Figure 7.23). In Bagali 

mauza, Fakirpota was the most vulnerable and Lalua was found the least vulnerable 

(Figure 7.24). Considering shelter security, very few households live in brick built places 

in sub-regional and local study area. About 90.8% people live in jhupri and katch type 

houses whereas the percentage is about 91.6 in Bagali mauza. Although metalled and 

semi-metalled road not very common in Koyra upazila, the existing road network can 

provide accessibility to city area to local people. From the field survey, it was also found 

that the people in different unions of Koyra upazila used waterways for their 

communication with district headquarter. Cyclone shelter is another important indicator 
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that reduced vulnerability to cyclone and storm surge. Although in some areas the number 

of cyclone shelter is not adequate but it saves millions of lives during disaster. 

Based on the understanding of the field information regarding vulnerability due to natural 

hazards, early warning system was considered an important indicator to reduce 

vulnerability. In all the unions of Koyra upazila CPP volunteers were found to be active 

during pre-disaster time to disseminate disaster news among local people. But the 

weighted contribution for this indicator, i.e. early warning system, is low compared to the 

weighted contribution of type of household and cyclone shelter. One of the reason for this 

is due to its use for only one hazard, i.e. cyclonic storm surge whereas the study was 

conducted for multi-hazard perspective. 

 

Figure 7.24: Housing and infrastructure domain variability for local study area 

The type of household (weightage 0.4790) played a significant role in determining 

housing and infrastructure vulnerability followed by the presence of cyclone shelter 

(0.3141). Both of these indicators represent the shelter security in times of disasters which 

was well represented in AHP driven weightage values. 

7.5.6 Economic domain 

In this domain, indicators selected for regional study area are cropping intensity, poverty 

rate, banking facility, insurance facility, co-operative society and growth centre. Among 

them, poverty rate was found to be the most important indicator in terms of determining 

economic vulnerability. 
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In terms of economic vulnerability, Barisal district was found the most vulnerable with 

Hizla upazila being the most vulnerable upazila (Figure 7.25). The poor economic 

condition of people is mainly responsible for their vulnerability. Indicators within this 

domain showed that the poverty rate is 49.5% in Hizla upazila where as Mehendiganj has 

the highest poverty rate (50%) slightly higher than Hizla. In areas having higher soil 

salinity values, agricultural productivity decreases. In Khulna, Satkhira districts where 

soil salinity is high, cropping intensity is also lower than other parts of the study area. 

Cropping intensity was found maximum in Galachipa upazila (Patuakhali district) 

whereas it was found minimum in Phultala upazila (Khulna district). 

 
Figure 7.25: Economic domain map 

In Koyra upazila, the economic vulnerability condition is higher with weighted score 

75.25. The weighted contribution of economic indicators for this upazila are 10.73, 15.79, 

13.93, 16.37, 17.48 and 0.95 for cropping intensity, poverty rate, banking facility, 

insurance facility, co-operative society and growth centre respectively. 

In sub-regional study area, Uttar Bedkashi union was found the highest vulnerable union 

followed by Maheshwaripur and Maharajapur (Figure 7.26). On the other hand, Koyra 

union was the least vulnerable union in sub-regional study area. Higher poverty rate 

contributes more in economic vulnerability than growth centre. 



112 
 

 

 

Figure 7.26: Economic domain values at sub-regional study area 

In local study area, Hogla was found the least vulnerable mauza whereas Fatekti was 

found the most vulnerable mauza (Figure 7.27). Based on the understanding of the field 

information regarding the economic vulnerability of the sub-regional and local level study 

area, economic indicators were modified that are highly important to the people in those 

areas. Lack of economic data was another constraint during selection of indicators. In 

local study area, accessibility to nearest city or district headquarter is important for the 

people. Being a remote area, local people are deprived of various basic needs. Easy access 

to city area supports them in times of disaster and after disaster relief works. 

 

Figure 7.27: Economic domain values for local study area 
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Although in sub-regional scale assessment, Bagali union was found moderately 

vulnerable in terms of economic vulnerability, different mauzas under this union showed 

comparatively higher degree of vulnerability. Variability in indicators and weightage are 

responsible for this variation in vulnerability. Distance to the nearest city was considered 

an important indicator by the local stakeholders. On the other hand, due to data 

unavailability poverty rate was not considered for local study area which was a widely 

used variable for assessing economic vulnerability condition. 

7.5.7 Livelihood domain 

In this domain, four indicators were selected to determine livelihood vulnerability at 

regional and local scale study area. People involved in different types of livelihood 

activities e.g. agricultural activities, service, business, household activities etc. As Koyra 

upazila is located beside the Sundarbans, people in this area are dependent on forest 

resources in various ways. For this reason, Sundarbans dependent livelihood activities 

was also included in livelihood domain for sub-regional study area. 

 
Figure 7.28: Livelihood domain map 

People in Nesarabad upazila (Pirojpur district) found to be the most vulnerable while the 

people in Manpura upazila (Bhola district) was found the least vulnerable in regional 

study area (Figure 7.28). About 13% people involved in agriculture in Manpura upazila 
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which is maximum at regional study area which increases the adaptive capacity of the 

people of this location.  

Koyra upazila was found moderately vulnerable in terms of livelihood vulnerability with 

weighted score 53.27. The vulnerability condition in this upazila is dominated by people 

involved in agricultural works (weighted score 16.06), industrial activities (weighted 

score 16.48) and service (weighted score 11.40) whereas the contribution to vulnerability 

is lower for people involved in household activities (weighted score 9.34). 

 

Figure 7.29: Livelihood vulnerability variability at sub-regional study area 

In Koyra upazila, Amadi union was found the most vulnerable union (Figure 7.29). 

Amadi union has the lowest percentage of people active in agriculture among the unions 

in Koyra upazila which is the main reason behind the higher vulnerable condition. Income 

generating activities like option to involve in public/private service, business in limited 

in Koyra upazila as well as in Bagali union. Hence household activity was another 

alternate livelihood option for the people of those areas. 
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Figure 7.30: Livelihood vulnerability for local study area 

Fakirpota mauza was found the most vulnerable while Sharishamuti mauza was found the 

least vulnerable in local level study area (Figure 7.30). People involved in household 

activities played in significant role in determining the livelihood vulnerability condition 

of different mauzas in Bagali union. 

For regional scale of analysis, Koyra upazila was found moderately vulnerable in terms 

of livelihood vulnerability. In sub-regional scale analysis, a new indicator was added 

following stakeholders’ opinion. i.e. Sundarbans dependent livelihood which a very 

important livelihood option for the people in Koyra due to its geographical location. This 

was also reflected in the weightage determined by AHP; also in the ranking of livelihood 

indicators. At the same time, the livelihood vulnerability assessment emphasized the 

generation of alternate livelihood activities for vulnerability reduction as well as for 

disaster risk reduction. Wide variability of different indicators contribution to 

vulnerability in different scales of analysis indicates the prioritization of scale specific 

assessment for investment in this sector. 

7.6 Socio-economic Vulnerability 

Socio-economic vulnerability was determined by calculating weighted sum of domain 

wise vulnerability for each scales of analysis. Weights for each domain was calculated by 

PCA for regional scale and AHP for sub-regional and local scales. 
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Figure 7.31: Socio-economic vulnerability map 

In the regional study area, Subarnachar upazila (Noakhali district) was found the most 

vulnerable while Khulna City Corporation (Khulna district) was found the least 

vulnerable (Figure 7.31). In Subarnachar upazila, the weighted scores of population, 

gender, health, education, housing and infrastructure, economic and livelihood domains 

are 14.38, 5.79, 14.90, 18.96, 17.29, 10.01 and 0.69 respectively while the same for 

Khulna City Corporation are 0.75, 0.70, 10.31, 0.19, 6.08, 6.17, 1.61 respectively. 

The overall socio-economic condition of Subarnachar upazila is poor compared to other 

upazilas in regional study area (Figure 7.32). The weighted contribution to socio-

economic vulnerability for each of the domains are 18.96, 17.29, 14.90, 14.38, 10.01, 

5.79 and 0.70 for education, housing and infrastructure, health, population, economic, 

gender and livelihood respectively. The resultant vulnerability score was 82.04. The 

social dependency is higher in this upazila (about 75.15%) which is a major contributor 

in increasing vulnerability. Therefore, during an event of natural disaster people get 

highly affected by huge number of dependent population. Overall education status is also 

very poor in this upazila; over all literacy rate is 32.7% whereas female literacy rate is 

31.32% much less than the national average. More than half of the population (52.41%) 

in this upazila do not have access to sanitary latrine facility. No healthcare facility 

available at all. Although this upazila is located very close to the mighty Meghna river, 
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its communication network condition is below average. There is no bridge, baily bridge 

located within this upazila; has 114 culverts, 120 pools and 72 shakos only. Being 

deprived of basic amenities, this upazila become the most vulnerable upazila in regional 

study area. 

 

Figure 7.32: Domain-wise vulnerability contribution at Khulna City Corporation, 

Subrnachar upazila and Koyra upazila 

On the other hand, Khulna City Corporation area enjoys the privilege of being 

administrative headquarter i.e. divisional headquarter (Figure 7.32). The weighted 

contribution to socio-economic vulnerability for each of the domains are 10.31, 6.17, 

6.08, 1.61, 0.75, 0.70 and 0.20 for health, economic, housing and infrastructure, 

livelihood, population, gender and education respectively. The resultant vulnerability 

score was 25.83. The socio-economic condition of this upazila is better with low poverty 

rate (21.2%), higher accessibility to safe drinking water (4.5% tap water user and 94.64% 

tubewell water user), sanitation facility (86.5% have access to sanitary latrine facility), 

healthcare facility, alternate livelihood activities which results in turning this upazila as 

the least vulnerable unit of analysis in regional scale. 

At regional scale analysis, Koyra upazila was found highly vulnerable with vulnerability 

score 66.51. Individual vulnerability domain contributions were found 15.49, 14.40, 

10.65, 10.62, 8.22, 5.99 and 1.34 for housing and infrastructure, health, education, 

economic, population, gender and livelihood domain respectively. 
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Figure 7.33: Socio-economic vulnerability for sub-regional study area 

In sub-regional study area, Dakshin Bedkashi was found the most vulnerable and Uttar 

Bedkashi was the least vulnerable union (Figure 7.33). Dakshin Bedkashi situated beside 

the Sundarbans which is one of the main reason for its higher vulnerability. Due to lower 

accessibility with other parts of Koyra upazila made it difficult to get many basic 

amenities like healthcare, education, infrastructure, economic alternatives etc. On the 

other hand, Uttar Bedkashi availed some locational advantage of being located close to 

the upazila headquarter, Koyra. Only economic and housing vulnerability is dominating 

in this union whereas other vulnerability domains represents a better social condition of 

this union (Figure 7.34). This was reflected in higher accessibility to safe drinking water, 

sanitary latrine facility etc. 

 

Figure 7.34: Domain-wise vulnerability contribution at Uttar Bedkashi, Dakshin 

Bedkashi and Bagali union 

0
10
20
30
40
50
60
70
80
90

Socio-economic Vulnerability at Sub-regional 
Study Area

0
5

10
15
20
25
30
Population

Gender

Health

EducationHousing and
Infrastructure

Economic

Livelihood

Socio-economic Vulnerability (Sub-regional 
Scale)

Uttar Bedkashi

Dakshin Bedkashi

Bagali



119 
 

In local study area, Bara Pota was found to be the most vulnerable while Katni was found 

to be the least vulnerable mauza (Figure 7.35). Lower education and housing and 

infrastructure condition on Bara Pota mauza is the main contributing factor in its higher 

vulnerable condition whereas the education, economic, population and gender domains 

of vulnerability represent a better socio-economic condition of Katni mauza (Figure 7.36). 

 

Figure 7.35: Socio-economic vulnerability for local study area 

 

Figure 7.36: Domain-wise vulnerability contribution at Bara Pota and Katni mauza 

The representative spider diagrams were shown for the most and least vulnerable units of 

analysis for each spatial scale. Similar diagrams can be prepared for each units for 

different spatial scales of analysis. This diagram is a better representation of the overall 

socio-economic condition for any unit of assessment. By analyzing this diagram, a better 

invest planning can be made. It helps emphasizing the dominant domains of vulnerability 

and helps in deciding the prioritization of resource allocation. 
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7.7 Risk Mapping at different Spatial Scales 

Based on the risk scores from regional study area Ramgati upazila (Noakhali district) was 

found to be in the highest risk in terms of environmental hazards whereas Chaugachha 

upazila (Jessore district) have least risk to environmental hazards (Figure 7.37). In sub-

regional study area, Dakshin Bedkashi was the highest risk prone area and Koyra union 

is the least (Figure 7.39). And in local study area, Ghugrakati mauza was found to be have 

the highest risk while Hogla mauza have the lowest risk value (Figure 7.40). 

 
Figure 7.37: Risk map 

The most vulnerable upazila, Ramgati (Figure 7.38) is located at the exterior coast in 

Meghna estuary area. Due to its geographical location it is highly affected by cyclone and 

storm surge events and river bank erosion. Soil salinity is also higher in this upazila with 

flooding to some extent which results it in an area threatened by multiple hazards. 

Although the exposure value (25.73) for this upazila is very close to the average (26.36) 

value of regional study area, higher vulnerability of this upazila is contributing towards 

its higher risk value. On the other hand, lowest value of multi-hazard is the main reason 

for Chaugachha upazila being the least risky in terms of natural hazards; although the 

socio-economic condition represents moderately vulnerable condition. Koyra upazila 

ranked fifth in terms of overall risk in regional study area. The poor socio-economic 
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condition of this upazila is main contributing factor in risk with vulnerability value 66.51 

followed by multi-hazard value 38.39 and exposure value 24.35. 

 

Figure 7.38: Risk components for Ramgati upazila (Noakhali district) and Chaugachha 

upazila (Jessore district) 

In sub-regional study area, Dakshin Bedkashi union is highly affected by natural hazards 

due to geographical location. Its location is also responsible for poorer socio-economic 

condition among the unions of Koyra upazila. Both the multi-hazard (75.80) and 

vulnerability (78.80) condition resulted in higher risk for this union. On contrary to that, 

lowest exposure value in Uttar Bedksahi (7.67) resulted in is lowest risk although it is 

affected my multiple natural hazards (93.45). Bagali union was ranked third in sub-

regional study area. Its multi-hazard value was 52.56, vulnerability value 52.44 whereas 

exposure value was 46.04. 

 

Figure 7.39: Risk components for sub-regional study area 
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In Ghugrakati mauza of local study area, both multi-hazard (76.89) and exposure (82.73) 

values are higher compared to other mauzas of the study area which results in the highest 

risk value. On contrary to that, lowest exposure (1.07) value turns Hogla mauza the least 

risky area with lower multi-hazard value (12.32) and average vulnerable (52.89) 

condition. 

 

Figure 7.40: Risk components for Ghugrakati and Hogla mauza 

From analyzing the weighed scores of risk scores for different scales of analysis, it was 

found that the exposure values played a significant role in determining risk condition for 

any particular area. For example, in few upazilas of Bhola district (e.g. Manpura, 

Tazumuddin) multi-hazard values are comparatively higher than many other upazilas. But 

exposure values are very low in these two upazilas which ultimately results in lower risk 

for these two upazilas. Exposure is an important factor in determining risk condition as 

risk of a climatic hazard is the interaction of hazards with vulnerability and exposure of 

human and natural systems. Hence, having lower population density or lower number of 

household, i.e. lower exposure value implies lower risk for any area. 

From the study the importance of multi scalar assessment was found significant. It is 

important in prioritization of resource allocation as well as on disaster risk reduction. 

Local level information was masked in national or larger scale which might be useful in 

local level planning or vice versa. For example, at the sub-regional and local scale of 

analysis, erosion was found as the dominant environmental threat for the study areas 

whereas in regionally available data erosion is not a major problem for those areas. Hence 
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to reduce risk for the sub-regional and local areas, proper action should be taken to reduce 

erosion problem. By proper assessment of exposure at different spatial scales can help in 

risk reduction by proper land use management as well. Again, more spatially variable 

information can be captured in smaller scale of analysis. Literacy rate is a good example 

for this. In regional scale, only average literacy rate is available for each upazila where as 

more detail information regarding literacy rate is available up to mauza level. Data 

availability was not an issue with this variable as the relevant information was used for 

each scale. But the detail information is useful for planning purpose to invest on education 

sector. Hence, risk and vulnerability assessment at multiple scale of analysis is helpful in 

disaster mitigation, investment planning, climate change adaptation planning etc. 
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CHAPTER EIGHT 

CONCLUSION AND RECOMMENDATION 
 

8.1 Summary and Conclusions 

That multi-scale vulnerability and risk assessment are very useful for planning and 

development is demonstrated by the findings of the study. The major findings along with 

observations are summarized below. 

 Regional scale assessment is typically top-down, where selection of indicator is often 

done by a group of experts and weightages of different indicators and/or domains are 

either assigned by experts or determined by statistical analysis such as PCA. Multi-

scale assessment allows stakeholder participation in selecting (or validating) 

parameters which are more relevant at the local scale. In this study, local stakeholders 

agreed with the vulnerability indicators, but also strongly opined that early warning 

system for cyclone, Sundarbans dependent livelihood and school attendance rate were 

important vulnerability indicators for Koyra upazila and its different unions. 

Moreover, at the local scale, stakeholders did not think banking facility, insurance 

facility and co-operative society as important indicators for economic domain as it is 

difficult for local people to get assistance in terms of credit facility. So these indicators 

would not have been used even if data were available at these scales. 

 Multi-scale assessment also helps better representation of hazards at the smaller 

scales. The type and extent of hazards are often masked at regional scale analysis 

because of unavailability of data at the unit of analysis, whereas field data collection 

via participatory process at the local scale helps define the specific hazards. In this 

study, four hazards, viz. fluvio-tidal flood, salinity, cyclonic storm surge and erosion 

were considered for multi-hazard analysis at the regional scale, as these are the 

dominant hazard mechanisms regionally in the south-west coastal zone. However, 

Koyra upazila was shown to have almost zero erosion hazard at this scale, while in 

reality it is the greatest concern in almost all unions of the upazila. This was also 

reflected in the highest weightage assigned by the local stakeholders to this hazard. 

This delineation of hazard was made possible at the smaller scale assessment. This 

has considerable policy implications. For example, regional scale assessment would 

prioritize improvements for salinity management and no investment for erosion 
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control for Koyra upazila, whereas smaller scale assessment would prioritize highest 

investment for erosion control, followed by measures for salinity and storm surge. 

 Participatory weighting of indicators and domains at local scale, if different from 

PCA-driven weighting, has impact on domain vulnerability. For example, different 

weighting in sub-regional scale by stakeholders resulted in higher aggregated 

exposure value for Koyra upazila (44.495), compared to the value (24.356) obtained 

from regional scale analysis. The same result was obtained for multi-hazard; the value 

is 38.393 at the regional scale and 63.126 at the sub-regional scale. 

 A significant variation in sub-regional and local scale assessment can also be in the 

way of the local stakeholders’ assign weights to different vulnerability domains. 

Substantial difference in weights were found in this study. While education was the 

topmost ranked vulnerability domain (weightage 0.1990) at the regional scale, it was 

ranked second (weightage 0.2735) at smaller scales. Housing and infrastructure was 

the highest ranked domain at the sub-regional and local scales with a considerably 

high weightage (weightage 0.3368). This was clearly because of perceived security 

they offer during hazards or disasters and the enhanced mobility and economic 

activity they generate. Very importantly livelihood domain received much higher 

weightage (ranked third with weightage value 0.1351) at the smaller scales because 

of the very high dependency on agriculture and Sundarbans dependent activities of 

the people for livelihood. In contrast, livelihood was ranked bottom at the regional 

scale (weightage 0.0213). This has implication in that investment at the local scale 

ought to have also a major focus on livelihood improvement. 

 Health domain received relatively lower weightage compared to few other domains 

at the sub-regional and local scales, which is a little counter-intuitive. However, this 

still remains a major issue mostly because of poor situation with sanitation facility. In 

addition to this, during field investigation it was found that getting healthcare facility 

is very difficult for the people at Koyra upazila. The situation become worse in times 

of natural disaster. So proper actions should be taken to improve the healthcare facility 

and availability of doctor, nurse etc. in this area. 

 Housing and infrastructure was a very important vulnerability domain, with associate 

weightage ranked first (weightage 0.3368) at sub-regional and local scales and ranked 

second (weightage 0.1788) at the regional scale. Types of households were the major 

contributor at all scales. Cyclone shelter is another important indicator that provides 

shelter at the time of cyclonic storm surge. Road density helps improving economic 
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activities. Early warning system was an important indicator perceived by local 

stakeholders. However, it received lower aggregated value and weightage because it 

was specific to one hazard while the assessment was based on multi-hazard 

framework. Hence, it is very important to understand the importance of different 

vulnerability indicators and their relative contribution to vulnerability for proper 

investment planning. 

 Gender domain received lower weightage in all three scales of analysis. It was ranked 

sixth (weightage 0.1268) in regional scale and seventh in sub-regional and local scales 

with a significantly lower weightage value (0.0294).  In sub-regional and local scales 

of analysis, people gave lower weightage to this domain not because it has no or very 

little importance, but because the other domains are far more important to them and 

they want the problems associated with those solved first as a priority. In summary, 

although gender domain received less importance weighting, gender specific 

vulnerability is nevertheless important for proper disaster risk reduction and hence 

should receive due attention in times of decision making. 

 Domain-wise vulnerability assessment is very important for proper understanding of 

risk status for any area and making effective disaster risk reduction decision. It helps 

understanding domain specific vulnerability condition and prioritize relative 

importance of indicators, hence making proper investment planning and resource 

allocation. 

 Investment decisions at the regional scale is usually taken based on cluster of area 

which exhibit similar patterns in terms of components of risk. Examining risk along 

with vulnerability becomes very useful in this regard. For example, the vulnerability 

in areas in close proximity to the Sundarbans (Shyamnagar, Koyra, Dacope, Rampal 

and Sarankhola Upazilas in Satkhira, Khulna and Bagerhat districts) in the southwest 

region is mostly in the moderate (40-60) to high (60-75) categories. However, risk in 

the same areas is mostly within very high to high categories. This implies that 

relatively lower vulnerability zones are prone to higher degree of environmental 

hazards.  Investments might therefore be required for hazard mitigation along with 

vulnerability reduction measures.    

 On the other hand, as vulnerability in some areas (Noakhali Sadar, Ramgati, 

Kamalnagar upazilas in Noakhali and Lakshmipur districts) is high (60-75) to very 

high (75-100) and risk is also high to very high in the same areas, investments or 

interventions might be required more in line with vulnerability reduction objective. 
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The domain-wise vulnerability analysis would further help to identify which specific 

vulnerability domains should be considered as priorities for investments.  For 

example, Subarnachar Upazila in Noakhali district and its neighboring upazilas are 

highly vulnerable as well as at very high environmental risk.  The vulnerability is 

principally contributed by housing and infrastructure and education domains, which 

themselves are highly vulnerable among all the domains considered. This suggests 

some priority measures targeting housing and infrastructure and better education. For 

better use in planning process, the vulnerability can be mapped (e.g. using spider or 

radar diagrams) with different component domains for each upazila. It will then allow 

clustering of upazilas in terms of similar vulnerabilities and planning appropriate 

adaptation measures accordingly. 

 In Koyra upazila, multi-hazard value is 38.39 and exposure value is 24.35 while the 

vulnerability value is 66.51.  This suggests need for considerable emphasis to be given 

to improving the socio-economic condition in this upazila to reduce risk to 

environmental hazards. However, multiscale analysis provides some additional and 

sometimes improved understanding for a specific area. While the results between the 

different scales cannot be directly compared, the index values at each scale have been 

normalized so that each value is relative to the full range of values at that scale. 

Vulnerability of Koyra upazila is 66.51 at the regional scale and 52.88 at the sub-

regional scale.  Multi-hazard value is 38.39 at the regional scale and 63.12 at the sub-

regional scale. Again, in sub-regional study area, the vulnerability of Bagali union is 

53.256 and multi-hazard value is 52.558 whereas the vulnerability value is 61.162 and 

multi-hazard value is 30.548 aggregated from values of mauzas for this union. This 

result shows how the scale of the study area can determine the outcome; an area can 

be regarded as highly vulnerable at one scale, but moderately vulnerable at another 

scale, and an area with moderate multi-hazard value at one scale may have high multi-

hazard value at another scale. The high multi-hazard value in Koyra is because of 

better representation of hazards and use of stakeholder derived weightage at the 

smaller scales.  Hence, investments would also receive priority at the local scale for 

Koyra in terms of hazard mitigation.  

 In summary, the results highlight the value of a nested approach to index development 

and reinforces the importance of scale in determining policy response to vulnerability.  

The regional scale indices could be used in regional development planning in the 

context of reduction of risk components. At the local level, the detail of the indices 
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makes it possible to identify specific investments/ interventions, be it for hazard 

mitigation or vulnerability reduction.  The indices at the three scales may allow users 

to make tradeoffs appropriate to their needs by choosing the most suitable index scale 

for the scale of management.  The indices at the regional scale would enable allocation 

of resources to respond to vulnerability and risk, while the smaller scale assessments 

could be steered to better utilization of those resources.   

8.2 Recommendations for Future Study 

Based on the experience and learnings from the present study, few recommendations for 

the future work are provided below. 

 The study was conducted for the coastal zone of Bangladesh excluding Chittagong 

and Cox’s Bazar at regional scale, Koyra upazila at sub-regional scale and Bagali 

union at local scale. Similar study can be carried out for different sub-regional and 

local scale as well as for the entire coastal area to understand variability of 

different risk components in area under consideration. 

 Additional indicator can be added in future study with additional field data to 

identify their relative importance and contribution in socio-economic 

vulnerability. 

 Household level risk and vulnerability assessment could be done in future to 

interlink that with the present spatial scales of analysis. 
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APPENDIX 

QUESTIONNAIRE ON MULTI-SCALE ASSESSMENT OF 
RISKS TO ENVIRONMENTAL HAZARDS IN COASTAL AREA 

OF BANGLADESH 

General Information 

Name: 

Designation: 

Organization: 

Address: 

E-mail and contact number: 

Date: 
 

Introduction 

This survey is a part of M Sc thesis by Momtaz Jahan titled “Multi-Scale Assessment 
of Risks to Environmental Hazards in Coastal Area of Bangladesh”. For this study 
Analytical Hierarchy Process (AHP) will be used for assigning weights to the selected 
domains and indicators for sub-regional study area (Koyra upazila, Khulna district). The 
AHP examines pair wise comparisons on a numerical scale of 1 to 9 (Saaty scale) by 
using expert opinion. 

In this study, IPCC AR5 approach will be used. AR5 defines ‘Risk’ as an outcome of 
interaction between ‘Hazard’, ‘Exposure’ and ‘Vulnerability’. Vulnerability indicators 
are grouped into several domains which will be assessed to determine weight following 
weighting of indicators under each domain. 

The anticipated time to complete this questionnaire is about 30 minutes. A sample matrix 
is given for your convenience. 

 

 

Table: The fundamental scale of 
absolute numbers 

Score Definition 
Less than 1  

(0<Value<1) 
Less Important 

1 Equal Important 
3 More Important 
5 Strong Important 
7 Very strong 

Important 
9 Extreme Important 

2,4,6,8 Intermediate values 
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ENVIRONMENTAL HAZARDS 

Q1: Between each pair, which one is more important hazard for Bangladesh coastal area? 

Hazards Storm 
Surge Salinity Erosion 

Storm Surge 1   

Salinity  1  

Erosion   1 

   

 

 

EXPOSURE 

Q2: Between each pair, which one is more exposed (Exposure) to environmental hazards 
for Bangladesh coastal    area? 

 
Exposure 

Population 
Density 

Proportion of 
Cropped Land 

Number of 
Household 

Population Density 1   

Proportion of Cropped 
Land  1  

Number of Household   1 
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VULNERABILITY DOMAINS 

Q3: Between each pair, which domain is more sensitive to environmental hazards for 
Bangladesh coastal area? 

 

 

VULNERABILITY INDICATORS 

Q4: Between each pair, which indicator is more vulnerable to environmental hazards 
for Bangladesh coastal area? 

Population 
Domain 

Social 
Dependency 

Disable 
Population 

Social 
Dependency 1   

Disable 
Population   1 

 

Gender Domain Female Literacy 
Rate 

Female to Male 
Ratio 

Female Literacy 
Rate 1   

Female to Male 
Ratio   1 

 

 

 

 

 

Vulnerability Population Gender Health Education Housing and 
Infrastructure

Economic Livelihood

Population 1
Gender 1
Health 1

Education 1
Housing and 

Infrastructure
1

Economic 1
Livelihood 1
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Health Domain 
Household 
using Tap 

Water 

Household 
using Tubewell 

Water 

Non-availability 
of Sanitation 

Facility 
Household using 

Tap Water 1     

Household using 
Tubewell Water   1   

Non-availability 
of Sanitation 

Facility 
    1 

 

Housing and 
Infrastructure 

Domain 

Type of 
Household Road Density Cyclone Shelter 

Type of 
Household 1     

Road Density   1   

Cyclone Shelter     1 

 

Economic 
Domain Poverty Rate Growth Centre 

Poverty Rate 1   

Growth Centre   1 
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Livelihood 
Domain 

People 
Involved in 
Agricultural 

Activity 

People 
Involved in 
Industrial 
Activity 

People 
Involved 

in 
Service 

People 
Involved 

in 
Household 

Activity 

People 
Involved in 
Sundarbans 
Dependent 
Livelihood 

People 
Involved in 
Agricultural 

Activity 

1         

People 
Involved in 
Industrial 
Activity 

  1       

People 
Involved in 

Service 
    1     

People 
Involved in 
Household 

Activity 

      1   

People 
Involved in 
Sundarbans 
Dependent 
Livelihood 

        1 

 

SAMPLE CALCULATION FOR AHP (for housing and infrastructure 
domain) 

 Pairwise comparison matrix 
 

Factor Type of HH Road Density Cyclone Shelter EWS 
Type of HH 1     5     2     4     

Road Density  1/5 1      1/5  1/3 
Cyclone Shelter  1/2 5     1     3     

EWS  1/4 3      1/3 1     
Total 1.950 14.000 3.533 8.333 

 

 Normalization of pairwise comparison matrix 

Factor Type of 
HH 

Road 
Density 

Cyclone 
Shelter EWS Total Average 

Type of HH 0.5128 0.3571 0.5660 0.4800 1.9160 0.4790 
Road Density 0.1026 0.0714 0.0566 0.0400 0.2706 0.0676 

Cyclone Shelter 0.2564 0.3571 0.2830 0.3600 1.2566 0.3141 
EWS 0.1282 0.2143 0.0943 0.1200 0.5568 0.1392 
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Here, AHP driven weights are the average values from the normalization matrix for 

respective factors. 

 Consistency analysis 

Total consistency measure, λmax = 4.1512 

Order of matrix, n = 4 

Consistency Index, CI =
λmax − n

n−1
 = 0 0.0504 

Random Index, RI = 0.9 (for n = 4; Saaty, 1994) 

Consistency Ratio, CR = CI / RI = 0.0560 (<0.1, acceptable) 

 

 

 

 

 


