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A B S T R A C T   

The livelihood of the people in the dynamic coastal regions of Bangladesh is highly dependent on nature and thus 
is vulnerable to climatic events. The research study developed the Fishermen Livelihood Vulnerability Index 
(LVI) to measure the vulnerability of the fishing communities living in the coastal regions of Bangladesh. The 
weighted average method was used to measure the FLVI and the binary logistic regression was used to find out 
the determinants of vulnerability. The variables to measure vulnerability such as exposure, sensitivity, and 
adaptive capacity were taken from the IPCC climate vulnerability framework. The results, based on the findings 
of a survey of 164 households from 3 coastal districts (Patuakhali, Khulna & Cox’s Bazar) indicated that the 
coastal fishing communities are more vulnerable (FLVI = 0.48) compare to the people living in other parts of 
Bangladesh. The study also revealed that the livelihood activities of the coastal fishermen are mainly affected by 
the impacts of natural disasters. Spatial maps were prepared to show the distribution of the vulnerable areas with 
indicating the houses according to their level of vulnerability. The study also identified the most significant 
factors of vulnerability. As part of the analysis, it was found that the variables that had the most significant 
impact on fishermen livelihood vulnerability were natural disasters, diseases due to climate change, NGO and 
microcredit, income, and piracy problem. The study also identified that vulnerability factors are highly influ-
enced by spatial characteristics and thereby identification of location specific factors is crucial in assessing and 
calculating vulnerability score. The study concluded that if location specific fishermen vulnerability factors are 
identified after certain interval with the active engagement of local communities can generate valuable infor-
mation for developing appropriate strategy to secure their livelihood in a sustainable way.   

1. Introduction 

Bangladesh is widely recognized as one of the most climate- 
vulnerable countries in the world (Al-Amin et al., 2013). Coastal 
zones, in general, should be considered as “highest priority zones” for its 
economic importance and the resources being affected, as well as in-
tensity and severity of the impacts that are to follow (Agrawala et al., 
2003). Due to changing global weather patterns, Bangladesh is expected 
to be one of the countries massively affected by natural disasters which 
would further exacerbate the loss of lives and properties (Nizamuddin, 
2001; Kabir et al., 2016). The effects of climate change are expected to 
increase the burden especially on the poorer coastal population of the 

nation (Reid et al., 2009; Ahmed et al., 2019). These effects will vary for 
people involved in different livelihoods (e.g. agriculture, fisheries, and 
business, etc.) in the coastal regions of Bangladesh. Problems such as 
saltwater intrusion, drainage congestion, changes in the dynamic coastal 
morphology, and natural disasters force changes in the economic ac-
tivities of the community in the affected areas (Rawlani and Sovacool, 
2011). Agricultural practices are highly impacted by changes in weather 
patterns (Vining, 1990), and as such people could be forced out of 
agricultural practices due to the increasing intensity of impacts in the 
coastal regions (Davis et al., 2009; Hoque and Haque, 2016). Marine 
fishing is one such sector available for these people to move to with the 
loss of resources to continue agricultural practices (Giasuddin, 2019). 
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The geographic location of Bangladesh provides the country with a 
supportive environment and resources for the existence of a large 
number of diverse aquatic species (Shamsuzzaman et al., 2017). The 
fishermen communities in the coastal regions of the country are largely 
dependent on marine fisheries from the diverse coastal ecosystem of the 
Bay of Bengal (Islam, 2003). The diversity and distribution of aquatic 
species are expected to be impacted due to certain changes which are not 
yet studied properly (Brander, 2007); therefore, certain climate change 
impacts are expected to have a direct effect on the daily livelihoods of 
the marine fishermen (Badjeck et al., 2010). 

Coastal zones around the world are considered as one of the hot spots 

for the impacts of climate change globally (Parry et al., 2007). Fishing 
communities in the coastal regions of Bangladesh are highly vulnerable 
to climate change (Allison at. el, 2009). The field of climate vulnerability 
assessment is an emerging topic that addresses the need to quantify how 
communities will adapt to changing environmental conditions. Many of 
these methods heavily rely on the IPCC working definition of vulnera-
bility, where vulnerability is measured as a function of exposure, 
sensitivity, and adaptive capacity (IPCC, 2001). Vulnerability assess-
ments focus on characterizing and measuring the level of exposure, 
sensitivity, and adaptive capacity that an actor or sets of actors have to a 
particular stress (Adger, 2006; Jayanti et al., 2018). 

Fig. 1. Map of study areas.  
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There is a lot more to explore and learn about the coastal commu-
nities in Bangladesh. Indeed, little work has been done to advance the 
frameworks and methods needed to assess, measure, and communicate 
the potential negative socioeconomic and environmental impacts of the 
coastal region of Bangladesh. To address this gap, we test a vulnerability 
assessment termed the Livelihood Vulnerability Index (LVI) of fishermen 
in the coastal region of Bangladesh that is designed to measure the 
relative potential impact, the community exposure to climate shocks and 
to find the limits and barriers to the adaptation of fishing activities. 

2. Methodology 

2.1. Study site selection 

The research was carried out in three coastal districts, located at the 
south and west end of Bangladesh, namely Cox’s Bazar (Kutubdia), 
Khulna (Koyra) and Patuakhali (Kalapara) which would help provide an 
overview of the fishermen livelihood vulnerability for the entire coastal 
region of the country (Fig. 1). These areas represent a rural character, 
dominated by fishing and agriculture as the major economic activities. 

2.2. Sampling procedure & data collection 

A total of 930 households were selected from three coastal districts 
(Patuakhali, Cox’s Bazar, and Khulna) using the multistage stratified 
random sampling technique. Furthermore, Participatory Rural Appraisal 
(PRA) techniques through semi-structured interviews and focus group 
discussions methods were used to collect area-specific factors for 
exposure, adaptive capacity, and sensitivity analysis from the villagers. 

To collect specific information about fishermen communities, 
another 164 households were selected from the same three coastal dis-
tricts. In this particular context, the majority households were selected 
from Kalapara in Patuakhali, where 100 out of the total 164 fishermen 
communities. In Kutubdia of Cox’s Bazar 45 households were selected 
and only 19 households were selected for the survey in Koyra Upazila of 
Khulna as most of the villagers were involved in agriculture related 
activities. Both of the datasets were considered to provide a final review 
of the fishermen’s livelihood vulnerability. 

2.3. Concepts and methods 

According to the conceptualization shown in Fig. 2, vulnerability is 
made up of several components, including exposure, sensitivity to 

hazards, and the capacity to adapt. Few studies have examined the 
vulnerability of the fishermen community of the coastal area to climate 
change and hazards to climate change (Allison et al., 2009). Fig. 2 
presents the conceptual model used in the study, where vulnerability is a 
function of the potential impacts of climate change, reduced or modified 
by people’s or an institution’s adaptive capacity. 

To calculate the FLVI a balanced weighted average approach was 
used (Eakin and Bojorquez-Tapia, 2008). As each component included in 
the household questionnaire was measured on a Likert scale to facilitate 
a broad comparability with past literature, the index is built in line with 
the IPCC framework that vulnerability (V) is a function of exposure (E), 
sensitivity (S), and adaptive capacity (AC). Indices of exposure, sensi-
tivity, and adaptive capacity were first assembled in line with the 
methodology of Allison et al. (2009), with some modifications as 
described in the following sections. As with the original methodology, 
variables were normalized (indicated with a subscript N) on a scale from 
1 to 5. The calculation of the component indices for exposure, sensi-
tivity, and adaptive capacity is given in Equations (1)–(4). For the de-
terminants of vulnerability binary logistic regression was used to find 
the main causes and their effects on fishermen livelihood vulnerability. 
Binary logistic regression estimates the probability that a characteristic 
is present given the values of explanatory variables; in this case, multiple 
categorical variables were used to find the effect. To find the main effect, 
both scale and categorical data set were used and the equations are 
shown below. 

FLVI =EN + SN − ACN (1)  

EN =
x − xmin

xmax − xmin
(2)  

SN =W
∑N

i=1Si

N
(3)  

AC=W
∑N

i=1ACi

N
(4)  

where W = Weight and N = total number of factors. 
Vulnerability (0) and no vulnerability (1) are included in the baseline 

for the model. The cut off points are used to differentiate the adjacent 
levels of the response variable. Hence highly agree, moderate, disagree, 
highly disagree – were used do differentiate the other levels of the 
response variable when the values of the predictor variables were set to 
zero. According to IPCC (RCP4), vulnerability calculation technique 
factors for sensitivity and adaptive capacity were selected to calculate 
the vulnerability score. 

The category for the calculation of the vulnerability score is shown in 
Table 1. Each region was grouped into a low, medium, or high category 
depending on the vulnerability score (Fritzsche et al., 2014). 

3. Results and discussion 

3.1. Weights of vulnerability variables 

The vulnerability weights measured through the ranking exercise 
conducted with the fishermen are displayed in Table 2. In the coastal 
region, the foremost issues were environmental conditions, economic, 
social conditions, and perceptions regarding temperature change that 
directly influence the fishermen’s livelihood activities. Different 

Fig. 2. Vulnerability components to Measure Fishermen Livelihood 
Vulnerability. 

Table 1 
Classification of vulnerability indicator value.  

Vulnerability Score Range Category 

0.1–0.30 Low 
0.31–0.50 Moderate 
0.51–1.00 High  
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parameters to assess the vulnerability of fishermen, e.g. exposure, 
sensitivity, and adaptation capacity were identified with help from 
fishermen communities. These parameters are primarily location spe-
cific and were identified using focus group discussions with the fisher-
men (Fig. 3). The weights of rainfall and cyclones (weight = 0.5 each) 
were found to be the highest exposure factors that increase vulnerability 
within the fishermen communities (Table 3). These two parameters may 
not be exclusive and therefore the chance of different parameters to see 
exposure can rely on the context of the community. According to most of 
the participants of the survey, rainfall is the most significant determi-
nant of fishermen vulnerability in the coastal region, while in the ocean 
it was cyclones. The frequency of maximum weather events throughout 
monsoon has accumulated that affects the daily catch of the fish. This 
successively affected their daily financial gain and living conditions as 
these fishermen live every day dependent on their income from that day. 
Cyclones are usually followed by surges (floods), which have adverse 
impacts on social unit support assets, methods, and outcomes. This 
concern was echoed by several of the participants who participated in 
different focus group discussion sessions. From Table 2 it is also seen 
that medical facilities (weight = 0.1237) had the highest vulnerability 
weight measured for parameters of sensitivity followed by credit facil-
ities (weight = 0.1187) and increase of diseases due to climate change 
(weight = 0.115). The threat of cyclones had the highest weight 
measured (weight = 0.152) among the parameters of adaptive capacity. 

Individual weights for different parameters were calculated to assess 
the vulnerability of the three study areas. It is observed from Table 2 that 
the weight for the same parameters varied widely in the three different 
study areas. It can also be seen from Table 2 that the price of fish held a 
higher weight in the sensitivity calculation for Cox’s Bazar (0.1426) 
while in Patuakhali it was fish diseases due to changing climatic con-
ditions (weight = 0.1375). In the case of Khulna district, the sensitivity 
parameter of medical facilities availability options had a higher weight 
(0.1455) compared to the others. To calculate the adaptive capacity for 
each region, weight for ‘threats due to cyclones’ was found to be highest 
in all three regions: Khulna (weight = 0.1455), Cox’s Bazar (weight =
0.1539) and Patuakhali (weight = 0.1525). 

3.2. Vulnerability maps of three coastal district of Bangladesh 

The maps of the three coastal regions show geographical areas of 

vulnerability from the study areas found through household surveys. 
Ranks from the color-coding technique, as shown in Fig. 4, may be useful 
for the allocation of resources based on the needs of the community. 

The vulnerability score of the fisherman community was found to be 
higher in Cox’s Bazar (Kutubdia), and moderate in the Khulna (Dacope) 
and Patuakhali (Kalapara) regions. This vulnerability score is a measure 
of relative vulnerability because many other factors might not be 
included in our data set. The fishermen livelihood vulnerability assess-
ment was conducted on the impacts of climate variability. A composite 
index approach was taken to calculate livelihood vulnerability and 
qualitative methods to understand how exposure, sensitivity, and 
adaptive capacity measured by sub-indices produced vulnerability. Re-
sults suggest that exposure to rainfall and cyclones, sensitivity, and lack 
of adaptive capacity in terms of physical, natural, and financial capital 
and diverse livelihood strategies construe livelihood vulnerability in 
different ways depending on the context. These results are in line with 
arguments contending that vulnerability to climate change varies be-
tween places, communities, and social classes (Adger et al., 2006; Smit 
and Wandel, 2006). 

While the geographical location of Bangladesh, which is made up of 
around 80% of fertile alluvial lowland, makes the country rich in re-
sources, it poses certain threats as well. Upstream practices of water use 
that start from the Himalayas and have 93% of the catchment area sit-
uated outside the country (Chaturvedi, 2013) could have significant 
impacts on the final drainage basin, which flows into the Bay of Bengal. 
Climate change could further exacerbate this process with changes in the 
amount of seasonal rainfall and sediment load in the 
Ganges-Meghna-Brahmaputra (GMB) catchment area (Shaw, 2006; 
Brammer, 2014). 

Natural disasters were found to be a crucial factor as the fishermen 
community resides near the beaches, and they would be the first to 
experience the impact of any such phenomenon and this can severely 
hamper their livelihoods. Stormy weather or cyclones can disrupt the 
time a fisherman gets to be out at sea resulting in loss of income 
(Westlund et al., 2007). Through the FGDs it was found that almost 
every family was dependent on shelters during natural disaster events 
that are run by the government and non-government organizations. The 
highest exposure (Cyclones & Rainfall) was on Cox’s Bazar (EN = 0.54) 
district and the lowest in Khulna (EN = 0.51). Sensitivity to climate 
variability and change is influenced by conditions at the community and 

Table 2 
Vulnerability components and corresponding vulnerability data sources and calculated weights.  

Section Required Data Data Type Remarks Weight Khulna Cox’s Patuakhali 

Bazar 

Exposure Average Rainfall Secondary Number(mm) 0.500 0.500 0.500 0.500 
Cyclones Secondary Wind Speed 0.500 0.500 0.500 0.500 

Sensitivity Credit facilities Primary Likert Scale 0.119 0.102 0.124 0.120 
Subsidy Primary Likert Scale 0.117 0.127 0.111 0.118 
Medical facilities Primary Likert Scale 0.124 0.146 0.089 0.135 
Toilet facilities Primary Likert Scale 0.112 0.142 0.115 0.106 
Education facilities Primary Likert Scale 0.086 0.074 0.080 0.090 
Proper pricing of the fish Primary Likert Scale 0.113 0.098 0.143 0.103 
Savings (fishing activities) Primary Likert Scale 0.108 0.098 0.139 0.096 
NGO and Microcredit Primary Likert Scale 0.063 0.056 0.082 0.056 
Disease (due to climate change) Primary Likert Scale 0.116 0.112 0.068 0.138 
Natural disaster Primary Likert Scale 0.043 0.046 0.051 0.040 

Adaptive Capacity Information about climate change (Mahajan) Primary Likert Scale 0.063 0.063 0.110 0.042 
Connection to government office Primary Likert Scale 0.114 0.118 0.123 0.109 
Cyclone threat Primary Likert Scale 0.152 0.146 0.154 0.153 
Main barrier (livelihood) Primary Likert Scale 0.132 0.151 0.146 0.122 
Piracy Problem Primary Likert Scale 0.122 0.134 0.115 0.123 
Training facilities Primary Likert Scale 0.041 0.007 0.030 0.053 
Network and alarming system Primary Likert Scale 0.092 0.123 0.089 0.088 
Social caste-related issue Primary Likert Scale 0.135 0.099 0.135 0.142 
Adaptation Primary Likert Scale 0.044 0.072 0.037 0.042  
Income is decreasing due to climate change Primary Likert Scale 0.105 0.087 0.061 0.127   
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household level. As a whole, the sensitivity is slightly higher among 
households in Kalapara (0.67) than among those of Kutubdia (0.63) and 
Koyra (0.66) (Table 3). The higher sensitivity of livelihoods measured in 

Kalapara is due to their dependence on climate-sensitive fisheries ac-
tivities for employment, income, and nutrition. A range of indicators 
such as the relationship between communities, sanitary latrine facilities, 

Fig. 3. District wise difference in community response for calculating fishermen livelihood vulnerability index.  

Table 3 
Fisherman vulnerability livelihood index.  

District Upazilla Village EN  SN  ACN  FLVI Remarks 

Khulna Koyra Maheswaripur 0.510 0.660 0.630 0.540 High 
Cox’s Bazar Kutubdia Kaiyarbil 0.540 0.630 0.620 0.550 High 

Uttar Dhurung 0.540 0.510 0.730 0.320 Moderate 
Boroghop 0.540 0.640 0.630 0.540 High 

Patuakhali Kalapara Gangamati 0.530 0.670 0.730 0.470 Moderate 
Nizampur 0.530 0.680 0.730 0.480 Moderate 
Khajura 0.530 0.650 0.670 0.510 High 

Coastal Region _ _ 0.520 0.630 0.670 0.480 Moderate  

Fig. 4. Vulnerability maps of kalapara upazila, kutubdia upazila and koyra upazila.  
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fishing materials, natural capital, per capita income, measures avoiding 
the threat of fishing equipment and resources being stolen (piracy 
problem), social capital and many income-generating activities are 
taken into account to calculate the adaptive capacity (Adger et al., 
2007). According to FGD participants, the lack of adult workforce in-
creases livelihood vulnerability by limiting the household’s ability to 
tackle emergencies during extreme weather events, as well as its access 
to livelihood assets and strategies. 

These vulnerability issues of the coastal communities are reflected in 
the number of amenities such as the number of primary, junior, and high 
schools, primary health care facilities, doctor’s chambers, cyclone 
shelters, general hospitals, market places, etc. available to the house-
holds. Such amenities are less available in the coastal region as 
compared to the interior regions. It also became evident from discus-
sions with local fishermen communities that they received very little 
support from different local institutions and even from NGOs during 
both emergency and rehabilitation periods. The households in the 
coastal areas were found to be more vulnerable to natural disasters and 
climate-related adverse events. For example, data from 1960 to 2017 
showed 33 major cyclonic storms making landfall in the different coastal 
regions of Bangladesh, leaving certain destruction along their paths, and 
the extent of damage to fishing activities was also found to be very high. 
More importantly, the fishermen communities live in more vulnerable 
houses which also increases their risk of different disasters. 

3.3. Identification of significant factors for vulnerability using statistical 
approach 

The vulnerability scores that are presented in Table 4 provide a 
general assumption of the fishermen’s livelihood vulnerability of the 
study region. The weights of the variables discussed to provide further 
information on how much each variable affects the vulnerability score 
that was calculated. From all the variables considered for the vulnera-
bility score calculation, the variables that carry the most weight for the 
score were found through a statistical approach using binary regression. 
Analysis of the different variables of exposure, sensitivity, and adaptive 
capacity using binary logistic regression helped to find the main factors 
that affect the vulnerability score significantly without any change in the 
vulnerability score. 

From a total of 22 variables considered for the score calculation, the 
most significant 5 variables were filtered out that had the most impact 
on the vulnerability score, which is shown in Table 5. The significant 
factors show the micro-level issues faced by the communities. 
Addressing these specific issues would help reduce vulnerability dras-
tically while also limiting the use of already scarce resources of a 
country. 

3.4. Development of mobile applications 

A practical application of the results of the study was the develop-
ment of a mobile-based application. The mobile application can consider 
either the vulnerability score or the statistical approach to provide a 
macro or micro-level analysis of the vulnerability situation. Major 
macro-level development can be achieved by addressing a few major 
micro-level issues to provide sustainable solutions. 

The digital platform based mobile application can help to measure 
vulnerability without the help of experts. Primary data can be collected 
from the population facing vulnerability directly through this applica-
tion, without the need for interviews or a third person. Indigenous 
knowledge integrated with the use of modern technology would help 
provide suitable and sustainable problem-solving tools (Islam et al., 
2013). The application will filter through the inputs to show the most 
significant parameters that the policymakers need to consider for the 
distribution of resources that help to reduce vulnerability in that specific 
area considered. This method takes the ground realities into account for 
policymakers to formulate and implement policies that ensure partici-
pation of the stakeholders in the process which is not usually the case 
and often results in policies that are not a reflection of the resources or 
help required by the poor coastal communities (Jakariya et al., 2020; 
Bathrellos et al., 2013; NRI, 2003). It would also be helpful for the 
policymaker or local government institutions to rely on the latest data 
that can be easily and efficiently collected through the mobile applica-
tion. The use of the mobile application to assess community vulnera-
bility can be a continuous process, as vulnerability changes over time 
and more importantly, the data that requires to update the vulnerability 
score does not require long time and resources to complete the process. 
It is also important to note that the data can be stored in a cloud-based 
system while no additional financial or human resource involvement is 
required. 

4. Conclusion 

The fisheries sector in Bangladesh makes an important contribution 
to the national economy. The importance of the fishing sector could be 
measured in terms of its contributions to foreign exchange, income 
generation, and employment opportunities. A large portion of fishermen 
communities is living in the coastal zones, which are facing different 
threats due to climate change. This study finds that the coastal com-
munities are exposed to multiple environmental stresses and shocks that 

Table 4 
Contribution of each independent variable to the model and its statistical 
significance.  

Factor Variable β Wald Sig. Exp. 
(β) 

R2 

Sensitivity Disease 
(Due to 
Climate 
Change) 

− 1.494 29.040 0.000*** 0.224 0.862 

NGO and 
Micro credit 

− 1.380 11.600 0.038*** 0.251 

Natural 
Disaster 

2.621 8.376 0.010*** 25.400 

Adaptive 
Capacity 

Income − 2.885 9.570 0.002*** 0.056 
Piracy 
Problem 

− 0.751 3.064 0.04** 0.046 

(***P < .05 at 95% Confidence interval). 

Table 5 
Significant variable for fishermen livelihood vulnerability.  

Factor Variable Significant Variable 

Sensitivity Subsidy Natural disaster 
Disease (due to climate 
change) 
NGO and Microcredit 

Credit Facilities 
Medical Facilities 
Proper Pricing of the Fish 
Natural disaster 
Toilet facilities 
Education facilities 
Savings (fishing activities) 
NGO and Microcredit 
Disease (due to climate change) 

Adaptive 
Capacity 

Income is decreasing due to 
climate change 

Income 
Piracy Problem 

Connection to Govt. office 
Network and alarming system 
Piracy Problem 
Training Facilities 
Social Caste Related Issue 
Information about climate change 
(Mahajan) 
Main barrier (Livelihood) 
Cyclone threat 
Adaptation  
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affect their capability to survive. The most important one is attributable 
to the remoteness of the community as well as their poor social status, 
which ultimately prevent them from getting external support to reduce 
their vulnerability. The study also identified that fishermen commu-
nities are more vulnerable to cyclonic effects than that of the flood. The 
research assessed the factors of vulnerability and also identified the 
significant factors using statistical method. 

The determinants of vulnerability helped to understand the main 
causes of fishermen’s vulnerability in the coastal areas of Bangladesh. 
The individual household level vulnerability score and the vulnerability 
maps can generate valuable information for policy makers to develop 
need based planning and subsequently allocating scare resources based 
on the need of the people which ultimately will help coastal fishing 
communities to become more resilient. In order to facilitate the process 
of reducing fishermen’s vulnerability, the study proposed the develop-
ment of a mobile-based application to find the vulnerable people using a 
digital platform of mobile applications. Identification of location spe-
cific significant issues that address fishermen’s vulnerability would help 
policymakers and planners to develop effective and sustainable strategy 
to secure the life and livelihood of fishermen communities of the coastal 
areas of Bangladesh. 
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