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Abstract
The cyclone vulnerability of women is much higher than men due to their 
poverty, social norms and marginal position in the social structure. Reducing 
women’s vulnerability is, therefore, imperative to improve the situation. 
However, the present practices of vulnerability assessment have several 
limitations. As an alternative, this study proposed and tested a weighted 
framework to assess the vulnerability in a quantitative form. The proposed 
framework considers 18 indicators carefully adapted from vulnerability 
literature. The indicator statuses were defined based on their vulnerability 
potentials and assigned an integer value. The higher the status value 
the greater the vulnerability potentials. The indicator’s status values were 
standardized, and their weights were estimated. The vulnerability scores 
for every indicator thereafter estimated by multiplying its status value by its 
weight. Finally, an individual’s vulnerability score was calculated by taking 
the average vulnerability scores of all the indicators. The framework was 
tested on 140 randomly selected cyclone-affected women from ten coastal 
villages of Bangladesh. The proposed scores-based vulnerability expresses 
the vulnerability status with an integer value easier to understand and allows 
spatial comparability. This framework could be improved further preferably 
through stakeholder consultations about the appropriateness of the indicators, 
indicator statuses, and their weights. An improved and well-agreed framework 
would assist in integrative policy formulation to reduce women’s vulnerability 
to cyclone disaster. Moreover, this approach could be adopted in vulnerability 
ranking/mapping for other disasters.

Current World Environment
www.cwejournal.org

ISSN: 0973-4929, Vol. 14, No. (3) 2019, Pg. 383-399

 

Article History 

Received: 2 September
2019
Accepted: 9 October 2019

Keywords

Cyclonic Disaster; 
Disaster Vulnerability;
Policy Making;
Quantitative Vulnerability; 
Vulnerability Indicator;
Vulnerability Score. 

CONTACT Mohammad Mahfuzur Rahman  mm.rahman01@just.edu.bd  Department of Environmental Science and Technology, 
Jashore University of Science and Technology, Jashore-7408, Bangladesh.

© 2019 The Author(s). Published by Enviro Research Publishers. 
This is an  Open Access article licensed under a Creative Commons license: Attribution 4.0 International (CC-BY).
Doi: http://dx.doi.org/10.12944/CWE.14.3.07



384KARMOKAR et al., Curr. World Environ., Vol. 14(3) 383-399 (2019)

Introduction 
Vulnerability is the condition that increases the 
susceptibility of an individual or community to the 
impact of any disaster. Bangladesh is considered 
as the most vulnerable country to natural disasters 
due to its geographical location, fragile economic 
strength, and high population density.1,2 Almost 
every year, the country experiences various 
natural disasters like cyclones, storm surges, 
coastal erosion, floods, landslides, and droughts.3 
The geographical location and geomorphological 
conditions of Bangladesh have made the country 
susceptible to natural disaster.2,4-5 Although the 
country is very small, the vulnerability to a disaster 
varies spatially. The southern part of Bangladesh 
is most vulnerable to cyclonic disaster. About 46 
million people live with high cyclone vulnerability 
in the coastal areas of Bangladesh. Statistical data 
suggests that about 78.31 percent of households of 
Barisal division (mostly coastal) had been affected by 
cyclone during 2009 and 2014.6 Once in every three 
years, a severe cyclone affects the coastal areas of 
Bangladesh7-8 and claimed thousands of lives, out 
of which more than half were women.9 

The government of Bangladesh (GoB) along with 
non-governmental organizations (NGOs) and 
international development partners had initiated 
several measures to reduce the effect of cyclone 
damages. The initiatives range from improvement 
of the cyclone warning system, building cyclone 
shelters and coastal embankments, planting trees 
along the coastline (active windbreak) and organizing 
volunteer groups dedicated to cyclone warning 
dissemination and rescue operation.10 Literature 
reported the success of these activities in reducing 
cyclonic damage.10-15 A good number of articles also 
reported about the ineffectiveness of these activities 
during-disaster rescue operation, post-disaster relief 
operation, and long-term rehabilitation processes. 
Due to the top-down approach of the government, 
asymmetric prioritization, political interference in 
selecting relief recipients and building infrastructures 
like cyclone shelter, the benefits of disaster reduction 
measures are not equally accrued to all members of 
the societies.3,11,16-18   

Several literature2,18-22 documented that cyclone 
damages are gender-differentiated as women are 
more vulnerable during a cyclone as compared 

to men due to several physical, social, economic 
and environmental factors. For example, the 1991 
cyclone in Bangladesh killed 138,000 people, many 
of whom were women older than 40 years.18 The 
women’s vulnerabilities are many times different from 
men due to socially constructed gender roles and 
power relations.22 Since women comprised almost 
half of the population of Bangladesh, it is necessary 
to understand their degree of vulnerability and the 
factors that influence their vulnerabilities. 

Many studies have been conducted on cyclone 
vulnerability across the globe covering economic 
status,23-25 housing condition and settlement 
pattern,26 alternative livelihood options26 and 
few other factors to determine the degree of 
vulnerabilities. Few studies16,27 have linked disaster 
vulnerability with climatic changes. Numerous 
studies5,13,28-31 have investigated the underlying 
factors of cyclonic vulnerability. Additionally, some 
studies3,16 have focused on community responses 
and mitigation measures.26,28 A good number of 
studies2,17,32-34 used satellite images and modeling 
tools to identify disaster hotspot areas. Likewise, 
several studies26,35 adopted vulnerability indices to 
explain the degree of spatial vulnerability. Although 
those studies were on cyclones, community and 
regional vulnerability mitigation measures, gender 
or community-specific identification of vulnerable 
groups is very limited.  

Available vulnerability literature followed diversified 
methods and indicators for vulnerability assessment 
with a limited scope of up-scaling. Moreover, most 
of these literature lacks integrated approach and 
often consider only a few important indicators. 
These processes of vulnerability assessment could 
produce biased outcomes due to the assessor’s 
sectoral or objective biases and not considering the 
interrelationship between/among the vulnerability 
indicators. For example, a woman from an area 
with poor economic and housing conditions could 
be considered as highly vulnerable to a cyclonic 
disaster by the traditional assessment. However, in 
case a woman lives nearer to a cyclone shelter; the 
vulnerability scores might be less due to the proximity 
factor. In contrast, a woman with stronger economic 
strength and improved housing could become 
vulnerable against a cyclone if she lives away from 
a market, medical facility36 or a cyclone shelter in 
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case of storm surge.26,28  These factors are poorly 
addressed in the available vulnerability assessment 
methods. Moreover, there are certain factors, 
particularly related to women, like the physical 
condition,36-38 age,18 education level for building 
personal and group awareness and capability to 
understand the forecast,39-40 age of the children 
during the disaster, access to emergency facility, 
status of her parents (a wealthy or active parent 
could be in help in case of emergency or disaster 
recovery), roles (caregivers to elderly family member 
who are unable to move to safer place) in the family,40 
social norms (women wear Sharees- a traditional 
dress that hinders movement while trying to swim 
in tidal waves) could act as the key determinants of 
cyclonic vulnerability.41-43 Furthermore, several other 
factors that negatively affect the disaster recovery 
of women headed family. An increase in the number 
of female-headed households because of male 
outmigration also increases women’s responsibilities 
and vulnerabilities during natural disasters. After a 
disaster, there are commonly inadequate facilities 
for women to meet their household needs or to find 
shelter. The disaster mitigation approach covers 
women’s reproductive health needs inadequately, 
in turn, women’s health suffers disproportionately. 

On the other hand, the vulnerability status of an 
individual or area is often expressed in qualitative 
form i.e. highly vulnerable, medium vulnerable, 
etc.37,44-45, which limits the possibility of vulnerability 
ranking among the individuals or regions. Ranking 
vulnerable people is highly essential under the 
resource-constrained situation. GoB, NGOs, 
donor agencies, corporate houses as well as the 
voluntary groups offer donations/relief after any 
disaster. Vulnerable people are often supported by 
regular social safety program i.e. Vulnerable Group 
Feeding (VGF) program in Bangladesh as a part 
of the long-term rehabilitation process. In most 
cases, VGF or relief recipients are not selected 
in a systematic process which is often criticized 
for personal or political influences. A systematic 
pre-defined/assessed ranking of vulnerable people 
could solve many of these issues in setting or 
selecting aid recipients.  Few studies26,35,39 adopted 
index-based ranking of coastal administrative units 
and thus characterized certain areas based on the 

degree of vulnerability. However, identifying the 
most vulnerable or least vulnerable areas does not 
necessarily solve the entire problem. Still, we need 
to identify the extreme to least vulnerable people 
for setting a priority or systematic plan what can 
be considered as one step ahead. Moreover, the 
outcomes of these studies are not widely applicable, 
better suitable for a region and hardly comparable 
to another area. The indicators could have spatially 
varying importance and magnitude to the overall 
vulnerability. At the same time, importance and 
magnitudes could have spatial variations. As a 
result, vulnerability estimation for one region is 
hardly comparable with that of others. Therefore,  
it is essential to standardize the vulnerability 
outcomes so that a degree of vulnerability conveys 
the same meaning throughout the region or country.
 
To overcome these limitations, this study proposes 
and testifies a composite framework to determine 
the overall vulnerability of women. The proposed 
score-based vulnerability assessment has several 
advantages over traditional vulnerability studies. 
Firstly, it includes not only traditional vulnerability 
indicators but also incorporates gender-specific 
indicators with varying weight on the overall 
vulnerability score. Secondly, it expresses the 
vulnerability score with an integer value that is easy 
to understand, allows wide spatial comparability and 
enables ranking among the vulnerable communities. 
Thirdly, the incorporation of area-specific information 
and standardization empowers spatial comparisons 
among the vulnerable communities from different 
regions. Individuals with a certain degree of 
vulnerability will convey the same meaning 
irrespective of region, which allows ranking the 
regions based on the vulnerability of the residents. 

Study Area
This study has tested the proposed vulnerability 
framework on 140 randomly selected cyclone-
affected women from ten villages of four coastal 
districts of Bangladesh (Patuakhali, Bagerhat, 
Khulna, and Satkhira) where Fig. 1 shows the 
locations of the study. The socio-demographic 
features of the studied villages are provided in 
Table 1.
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Fig. 1 : Study area location map

Methodology
Vulnerability Indicators and Indicator Status
Eighteen indicators that represent adaptive capacity, 
susceptibility and exposure were considered to 
define an individual’s vulnerability. The degree of 
vulnerability was determined based on the statuses 
of vulnerability indicators. The status of any indicator 
was assigned an integer value or vulnerability score 
based on the vulnerability potentials. Indicator status 
values range from one to five, where one indicates 
lesser vulnerability potentials and five specifies 
greater vulnerability potentials. The vulnerability 
indicators and their status considered in this study 
are explained in Table 2.

Data Collection
Data were collected from 10 villages located in 
four coastal upazilas (administrative units) of the 
southwest region of Bangladesh. The studied villages 

were purposively selected based on the geographic 
locations, socio-environmental conditions, and 
the vulnerability factors explained in the available 
literature. The villages of Shyamnagar and Dacope 
Upazila are sheltered by the mighty Sundarbans, 
relatively away from the coast and are characterized 
by high saline aquaculture dominated land-use 
zones. On the contrary, the villages of Kalapara 
Upazila are located relatively nearer to the coast, 
no forest barrier in-between sea and the villages 
and are characterized by less saline agriculture 
dominated land-use zones. The only village from the 
Rampal Upazila represents moderate characteristics 
of the other villages.  A total of 140 married women 
were interviewed with a pre-tested structured 
questionnaire. The number of women studied from 
the respective villages was selected without following 
any statistical procedures. However, a systematic 
random sampling procedure was adopted while 
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selecting the studied household within any village. 
The data collection was done between July 2016 
and December 2018. The sample distribution and 

socio-demographic features of studied villages have 
been presented in Table 1. 

Table 1: Socio-demographic features of the studied villages

District Satkhira Khulna Bagerhat Patuakhali

Upazila Shyamnagar Dacope Rampal Kalapara
 Datinakhali, Pankhali,  Kachimkhali
Village (s) studied Burigoalini,  Hoglabone,  Hurka Newapara
 Chokbara Katabonia  Nishanbaria
Area (km2)6 1968.23 991.56 335.45 491.89
Population(million)6 0.32 0.15 0.16 0.24
Male/Female ratio6 93 100 112 103
Number of total household 72.28 36.60 38.17 57.53
(thousand) in the upazila6

Number of studied household 45 30 30 35
(this study)
Major land use Agriculture Agriculture Agriculture Agriculture
Average household size 4.39 4.13 4.04 4.10
(person/household)6

Average household income 2218.75 2739.22 1722.38 2073.64
(USD/year)6

Overall literacy rate (%)6 49 56 58 52
Female literacy rate (%)6 17.4 39.8 56.4 51.5
Number of cyclone shelters 8 15 9 116
Number of hospitals and 22 11 10 10
clinics6

Number of market/bazars 45 13 23 27
Distance from the sea (km) 83 60 75 20
Mean elevation (m) 5 5 7 6
% of total area protected by 45.0 65.0 10.43 70.34
coastal embankment46

Economic loss due to cyclone 37.74 26.01 26.63 20.93
during 2009 and 2014
(in million USD)6

Lives lost due to cyclone 59 7 3 97
during 2009 and 2014
(person)6

A total of seven Focus Group Discussions (FGD) 
were conducted to validate the outcomes of 
vulnerability scores. Two FGDs were conducted 
in Dacope, Shyamnagar and Kalapara Upazilas 
while only FGD was conducted in Rampal. A total 
of 123 people ranged from farmers (56), traders 
(27), housewives (14), teachers (9), community 
representatives (7), community health workers (6) 
and NGO workers (4) were present during the FGDs. 
FGDS were conducted between October 2018 and 
April 2019. 

Normalization of Indicator Values
As shown in Table 2, the vulnerability indicators 
have varying status (different units and scales) and 
corresponding values, it is necessary to normalize 
the values. The indicator values were normalized 
following UNDP58 (Eq. 1). The normalized indicator 
values for all 18 indicators lie between 0 and 1. The 
value 1 corresponds to that maximum vulnerability 
potential and 0 corresponds to minimum vulnerability 
potential.
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 Table 2: Vulnerability indicators, indicator status and corresponding indicator value
 

Factor Indicator Explanation Indicator status Corresponding 
    status value

 Household  People with high household  >3000 1
 income income is more likely to avoid 2400-3000 2 
 (USD/year)47 /cope up against any natural 1200-2400 3
  disaster. Rich people usually  600-1200 4
  holds good houses that resists  <600 5
  any damage or even if damaged 
  recovers quickly/easily. 
 Sources of People with secure sources of  Service/Remittance 1
 household income is less vulnerable Business 2
 income48 (i.e. service). Aquaculture and Day labor 3
   agriculture are more susceptible Agriculture 4 
  to damage household during Aquaculture 5
  cyclones. During and after the   
  disaster the demand and payment    
  of day labor increases, and thus 
  assumed higher chances of damage 
  recovery after the disaster.
 Education36,49 People with higher level of education College and above 1
  are less vulnerable as they could Up to high school 2
  understand the forecast and Illiterate 3
  prepare in advance in a better
  way as compared those of lesser
  educated.
Adaptive Family size  Larger family usually has poor < 5 1
capacity (person/hou- economic strength, often difficult 5-8 2
 sehold)50 to evacuate and higher > 8 3
  chances of damage.   
 Asset  Ownership of liquid or fixed asset >10000 1
 ownership increases the chances/capacity 5000 – 10000 2
 (worth value to recovery. 2000-5000 3
 in USD)51-52  <2000 4
   No asset 5
 Duration of A male household head could N/A 1  
 household respond to a disaster more rapidly 1-2 Month 2 
 head’s and safer manner. The longer 3-5 Month 3
 absence at absence of male household head, >5 Month 4
 home per the poorer the household’s ability
 year to cope up/recovery against
  a disaster. 
 Marital  Divorced and widow are more Married 1
 status53 vulnerable than married women Divorced 2
  are. Widow 3
 Means of A person living at hard to reach Motorized private vehicle 1 
 transport on area would face difficulty to get Motorized public/hired vehicle 2
 the way to medical care or essential Non-motorized private vehicle 3
 nearest groceries after the disaster. Non-motorized hired vehicle 4
 medical  On foot 5
 facility or 
 market36
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Suscep- Age49,54 Physical age often determines <25 year 1
tibility  the coping capacity. Older aged 25-40 year 2
  women are more susceptible 40-55 year 3
  to cyclonic affect. >55 year 4
 Health Disabled person is more likely Healthy 1
 status36,38,49 to vulnerable than healthy Partly disabled 2
  person is. Disabled 3
 Housing A good stable house reduces Concrete roof 1
 condition26,49 the cyclone vulnerability. Aluminum sheet/tin roof 2
   Local tiles/thatching roof 3
Exposure Distance to Due to the salinity problems, < 100 m 1
   the safe in coastal areas safe drinking 100-300 m 2
 drinking water sources are scarce. 300-500 m 3 
 water Therefore, easy accessibility >500 m 4
 source4 reduces the vulnerability.
 Access to
 cyclone
 forecast26 Ownership of communication TV+Radio+Mobile+Internet 1
  devices increases the chance TV+Mobile 2
  of access to cyclone forecast. Only Mobile or Radio 3
   N/A 4
 Status of  A poor condition or non- Accommodative 1
 the nearest accommodative cyclone Non-accommodative 2
 cyclone shelter demotivates the
 shelter26,28 people to move there.
 Distance  People who live nearer to a <0.5 km 1 
 from the cyclone shelter are more likely 0.5-2 km 2
 nearest to move there during a cyclonic 2-4 km 3
 cyclone disaster due to the convenience. 4-6 km 4
 shelter26,28,55  >6 km 5
 Distance Wider distance from the <2 km 1
 from the healthcare facility reduces the 2-4 km 2
 nearest chances of treatment once >5 km 3
 healthcare wounded by a cyclone.
 facility38

 Aerial Areas nearer to the seas is > 80 km  1
 distance more exposed to cyclone and  50-80 km  2
 from the storm surge.  20-50 km 3
 sea56  <20 km 4
 Presence of Presence of natural windbreaks Dense 1 
 natural wind like forest potentially could forest 
 breaks absorb the shock and reduces (>50 km) 
 between the the causalities.
 sea and the
 respondent’s
 house57

xij=  xij-Mini (xij) / Maxi(xij) - Mini (xij) ...(1) 

Where,

xij = normalized indicator value of ith women for jth 
indicator (0<xij<1)

Xij = indicator value of ith women for jth indicator 
(1<Xij<5)

Mini (xij) = Minimum indicator value for all women 
for jth indicator
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Table 3: Vulnerability Classes

Vulnerability class WVS range

Extremely vulnerable >0.70
Vulnerable 0.50- 0.70
Moderately vulnerable 0.30-0.50
Minimal or non-vulnerable <0.30

Maxi(xij) = Maximum indicator value for all women 
for jth indicator

Indicators’ Weight Estimation
Since all the vulnerability indicators do not hold 
equal weight to the overall vulnerability, the weights 
of every indicator were estimated after Iyengar and 
Sudarshan.59 The weights of vulnerability indicators 
were estimated through Eq. 2 using the household 
survey outcomes. The indicator weights range 
between 0 and 1. The value 0 indicates no weight, 
while 1 corresponds maximum weight.

 ...(2)

Where,

w j =  i n d i c a t o r  we i g h t  fo r  j t h  i n d i c a t o r 
 ; in this study k = 18.

xij = normalized indicator value of ith women for jth 
indicator and

c  = normalized constant calculated after Eq. 3.

                                   ...(3)

Calculation of Weighted Vulnerability Score
The weighted vulnerability score (WVS) score for 
every woman was finally calculated after Eq. 4. The 
WVS lies between 0 and 1. The value 1 corresponds 
to that of maximum vulnerability and 0 corresponds 
to minimum vulnerability.

                                ...(4)

Where,

WVS = weighted vulnerability score (0<w<1).
wj = indicator weight for jth indicator. 
xij = normalized indicator value of  ith women for  jth 
indicator and
K  = number of indicators (in this study k = 18).

Vulnerability Classes
The estimated WVSs were classified based on 
Table. 3.

Statistical Analysis and Data Processing 
Principal component analysis (PCA) and orthogonal 
rotation (varimax rotation with Kaiser normalization) 
were applied to facilitate understanding contribution 
of vulnerability indicators in vulnerability scores. 
Kaiser-Meyer-Olkin measure of sampling adequacy 
and Bartlett’s test of sphericity was conducted to 
assess the suitability of factor analysis. Eigenvalues 
> 1.0 and the scree test was the basis for component 
extraction. The analysis was performed with the aid 
of IBM SPSS Statistics 16 (IBM Corp., Armonk, 
NY, USA).

Results and Discussions
Vulnerability Indicators and Indicator Status
The estimated weight of the vulnerability indicators 
and indicator status frequencies are presented 
in Table 4. Status of cyclone shelter receives the 
highest weight (0.0982), while the distance to the 
safe drinking water registered as the least weight 
(0.0024). Most household income in Rampal, 
Dacope, and Shyamnagar comes from working 
as the day labor. On the other hand, in Kalapara, 
farming (agriculture) provides the main household 
income. The mean age of the studied women is 
40.3 years (STDEV ±13.9). The studied women 
from Shyamnagar are relatively younger (mean 
38.2 years) and the eldest are from Kalapara (mean 
43.4 years). The family size of the studied women 
does not vary much with a mean value of 4.6 with 
a standard deviation of ±0.6. The mean household 
income of the studied women was estimated at US$ 
2176/year (STDEV ± 1241). The dataset suggests 
that the household of Dacope earns the highest, 
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while Rampal earns the lowest. The mean distance 
from the nearest medical facility and the cyclone 

shelter is 2.8 (STDEV ± 1.1) and 1.3 (STDEV ± 0.6) 
kilometer respectively. 

Table 4: Vulnerability indicator weights and the frequencies of indicator status

Sl.  Indicator Indicator Indicator Frequency
N.  status weight 
   (wj) R D S K

1 Household income >3000 0.0617 0 0 0 3
 (USD/year) 2400-3000  1 2 4 6
  1200-2400  19 9 20 8
  600-1200  7 12 18 11
  <600  3 7 3 7
2 Sources of household Service/Remittance 0.0648 3 1 0 3
 income Business  6 5 8 7
  Day labor  10 18 24 6
  Agriculture  4 6 11 17
  Aquaculture  7 0 2 2
3 Education College and above 0.0786 4 5 0 5
  Up to high school  13 17 29 11
  Illiterate  13 8 16 19
4 Family size < 5 0.0658 18 8 14 8
  5-8  11 20 26 21
  > 8  1 2 5 6
5 Asset ownership >10000 0.0512 0 0 0 4
 (worth value in USD) 5000 – 10000  2 4 11 6
  2000-5000  12 6 21 4
  <2000  15 17 6 12
  N/A  1 3 7 9
6 Duration of household N/A 0.0532 19 23 33 18
 head’s absence at 1-2 Month  3 4 10 5
 home per year 3-5 Month  5 2 2 3
  >5 Month  3 1 0 9
7 Marital status Married 0.0392 25 23 40 31
  Divorced  0 0 0 0
  Widow  5 7 5 4
8 Means of transport Motorized private vehicle 0.0583 3 1 0 8  
 on the way to nearest Motorized public/hired vehicle   18 19 36 13
 medical facility or Non-motorized private vehicle   2 8 1 2
 market Non-motorized hired vehicle  7 2 8 10
  On foot  0 0 0 2
9 Age <25 year 0.0399 0 2 3 4
  25-40 year  12 16 18 23
  40-55 year  12 8 20 6
  >55 year  6 4 4 2
10 Health status Healthy 0.0495 25 18 26 31
  Partly disabled  5 9 13 4
  Disabled  0 3 6 0
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11 Housing condition Concrete roof 0.0464 1 2 1 6
  Aluminum sheet/tin roof  5 15 17 18
  Local tiles/thatching roof  24 13 27 11

12 Distance to the safe < 100 m 0.0024 0 9 2 19
 drinking water source 100-300 m  2 4 1 13
  300-500 m  6 6 9 3
  >500 m  22 11 33 0
13 Access to cyclone TV+Radio+Mobile+Internet 0.0485 0 0 0 2
 forecast TV+Mobile  3 4 1 8
  Only Mobile or Radio  22 24 36 16
  N/A  5 2 8 9
14 Status of the nearest Accommodative 0.0982 23 21 18 3
 cyclone shelter Non-accommodative  17 9 12 32
15 Distance from the <0.5 km 0.0533 13 8 15 10
 nearest cyclone shelter 0.5-2 km  14 21 25 12
  2-4 km  1 1 5 5
  4-6 km  2 0 0 1
  >6 km  0 0 0 2
16 Distance from the <2 km 0.0515 5 10 15 12
 nearest healthcare 2-4 km  24 18 26 16
 facility >5 km  1 2 4 7
17 Aerial distance from  > 80 km  0.0496 30 0 0 0
 the sea 50-80 km   0 30 45 0
  20-50 km  0 0 0 0
  <20 km  0 0 0 35
18 Presence of natural Dense forest ( >50 km) 0.0405 0 0 45 0
 wind breaks between Dense forest (10-50 km)  30 30 0 0
 the sea and the Forest/plantation (<10 km)  0 0 0 0
 respondent’s house Absent  0 0 0 35 

Correlation Among the Vulnerability Indicators
The correlation matrix among seven vulnerability 
indicators is provided in Table 5. Analysis reveals 
that household income has statistically significant 
positive correlations with schooling year (P < 0.0001) 
as shown in Blanden and Gregg60 and the distance 
from the cyclone shelter (P < 0.001).

Educated people earn better, more aware and 
conscious about the risk of cyclone induced disaster 
and consider moving to a shelter even located in 
a longer distance. In contrast, household income 
displays a significant (P < 0.01) negative correlation 
with the family size.61 Usually, the poorer have 
more children and have larger family size, and thus 
displays negative correlations between the family 
size and the schooling years (P < 0.05). The lower 
the education level, the larger the family size, the 
lesser the household income. 

Vulnerability Scores
The estimated mean vulnerability score is 0.41 
(STDEV ± 0.09). The mean vulnerability score is 
highest in Kalapara (0.47) and the lowest in Dacope 
(0.37). The vulnerability classes are presented in  
Fig. 2. The studied Upazilas can be ordered as 
Kalapara > Shyamnagar > Rampal > Dacope 
based on the mean vulnerability score. This overall 
vulnerability order showed high consistencies with 
earlier cyclone (2009 and 2014) damages to these 
areas in terms of lives lost (Table 1). However, the 
order differs in-terms of total economic loss due 
to the same cyclones (Table 1). This study only 
considers individual vulnerability and does not 
account for social or physical damages. Therefore, 
it agrees with the individual loss (death) strongly. 
Out of 140 studied women, only one woman from 
Kalapara falls under ‘extremely vulnerable’ class 
(WVS> 0.7). Besides, Kalapara accommodated the 
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the ‘moderately vulnerable’ class (0.29 <WVS> 0.5). 
The high vulnerability scores of the women from the 
Kalapara Upazila mainly dictated by two factors:  
proximity to the sea and absence of the windbreak 
(i.e. forest).

maximum women (50%) of the ‘vulnerable’ class 
(0.49 <WVS> 0.71). On the other side, Shyamnagar 
represents the maximum number (50%) of women 
of ‘minimal or non-vulnerable’ class (WVS<0.3). 
Most women (78%) from all the Upazilas fall under 

Table 5: Correlation matrix of vulnerability indicators

 Family Distance to Distance Distance Age Household Schooling
 Size the nearest from from the  Income Year
  hospital cyclone safe
   shelter drinking
    water source

Family Size 1.00 0.06 0.19* 0.25** -0.09 -0.25** -0.20*
Distance from the 0.06 1.00 0.03 0.32*** -0.11 -0.04 0.06
nearest hospital
Distance from 0.19* 0.03 1.00 -0.28** 0.02 0.33*** 0.28**
cyclone shelter
Distance to the 0.25** 0.32*** -0.28** 1.00 -0.11 -0.05 -0.05
safe drinking
water source
Age -0.09 -0.11 0.02 -0.11 1.00 0.12 0.07
Household -0.25** -0.04 0.33*** -0.05 0.12 1.00 0.39****
Income
Schooling -0.20* 0.06 0.28** -0.05 0.07 0.39**** 1.00
Year

**** Significant at 0.01%; *** Significant at 0.1%; ** Significant at 1%; * Significant at 5%; t-test; n = 140

Fig. 2:  Vulnerability classes
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(n = 123, 100%) and NGO (n = 76, 62%) efforts.  
More than 93 % (n = 115) of the respondents argued 
that aids are not reaching hard to reach areas due to 
the problems in management and non-awareness of 
the affected people. This suggests that government 
efforts are not necessarily reaching the actual 
vulnerable communities. FGD participants agreed 
that assessment-based ranking could potentially 
improve the situation (n = 117, 95%).

WVS validation through FGDs confirmed the 
representativeness of the WVS. Moreover, FGDs 
provide important insights into the existing VGF cards 
or emergency relief programs. FGD participants 
were univocally reported (n = 103, 84%) the 
nepotism and corruption while priority listing by 
local administration. Majority of the respondents 
reported that cyclone recovery aid programs 
have serious equality problems in both GoB  

Fig. 3: Relationship between the vulnerability scores and the vulnerability indicators

Factors of Vulnerability
The relationship between the vulnerability scores 
and the vulnerability indicators shown in Fig. 3. 
Vulnerability scores show inverse relationships with 
household incomes and the level of education. It is 
intuitive that the level of education has impact on 
understanding the disaster forecast and disaster 
preparedness efforts. Vulnerability reduction with 
the level of education is consistent with several 
literatures that focus on other types of disaster 
outcomes. For example, Samir62 reported that 

communities with higher levels of education in Nepal 
experience lesser damage to floods and landslides. 
Similarly, highly educated peoples recorded better 
post-tsunami recovery in Indonesia63 and Japan64 
and earthquake damage in Thailand.65 Apart from 
disaster understanding and preparedness, educated 
people earn better and thus have the strong 
economic strength to cope up with. In contrast, 
vulnerability scores disclose positive association with 
the family size and the distance from the cyclone 
shelter, sources of safe drinking water and medical 
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facilities. Family size has a negative correlation with 
the household income and schooling year (Table 5). 
This could be understood in many complex social 
cause-effect relationships. For instance (i) larger 
family size → less health care, nutrition uptake  
→ less success in education → less awareness  
→ higher vulnerability; (ii) highly vulnerable community 
→ takes more children (absence of birth control or 
expecting more support in earning livelihoods)  
→ less education (inadequate facility, hard to reach, 
unawareness) → less awareness, knowledge  
→ higher vulnerability. In a similar study, Ahsan35 
assessed the area-specific vulnerability (union; an 
administrative unit) for the neighboring Koyra Upazila 
(an administrative unit) and reported that vulnerable 
areas have poorer educational infrastructure and 
lesser literacy rates. 

Principal Component Analysis (PCA)
PCA analysis reveals that six components accounted 
for 63.77% of the observed variance. This suggests 
that the vulnerability model could be reduced to a  
six-component model. Additionally, PCA indicates 
that 11 out of 18 indicators have a strong association 
with the first principal component. Among the 
indicators, proximity to the sea, family size, 
household asset, household income, the presence 
of windbreaks (forest), and the age of the female 
resident of the coastal areas are the key determinants 
of vulnerability. 

Conclusions
This study explores and proposes a framework 
for quantitative disaster vulnerability assessment 
at an individual scale. The framework was applied 
to assess the cyclonic vulnerability and rank the 
coastal women of Bangladesh. Eighteen indicators 
were chosen, defined and given probable status. 
Thereafter, field data were collected from randomly 
selected 140 women distributed over four coastal 
upazilas. Collected information was normalized, 
and the weights of the indicators were estimated to 
produce a numerical vulnerability score for studied 
individuals.

The background assumptions behind this WVS 
estimation indicates that the responses obtained 
from the household interview were fair and unbiased. 
Since we do not have any such ranking of vulnerable 
communities, the study outcomes could not be 

verified against any real listing. The results were 
validated only during the FGDs and found impressive 
consistencies. The sample size was also not 
determined statistically. The objectives of this study 
were to develop a framework and provide a message 
to the policymakers to confirm the equitable 
distribution of VGF or post-disaster relief efforts. The 
present WVS might not be robust and would differ 
from future studies as it considers the minimum 
and maximum values to normalize the household 
responses. Additionally, this study agrees that the 
indicators, indicator’s status, and the scores are not 
out of controversies due to its oversimplification of 
complex scenarios. However, this study considers 
that this approach of quantitative assessment and 
ranking could be followed to develop an agreed and 
comprehensive one considering its advantages over 
the prevailing practices.      

This weighted vulnerability score has several 
advantages, such as, easy to understand and allows 
wide spatial comparability. It includes important 
social, natural and governance connected factors of 
vulnerability with their relative weights. The resultant 
vulnerability scores from different regions could 
convey equal meaning as it minimizes the region-
specific factors of vulnerability through normalization. 
Additionally, it permits the administration to rank 
among the vulnerable people which could facilitate 
equitable distribution of disaster relief and reduce 
the chances of corruption and illegal political 
interference. Moreover, this framework permits 
us to identify the key or highly sensitive factors of 
vulnerability for an area. Finally, it provides additional 
insights for the policymakers to fight against natural 
disasters by understanding the spatial distribution 
of vulnerable groups. The effectiveness of this 
framework could be further tested by piloting and 
creating a database for a few villages. It could be 
validated against the traditional relief efforts during 
and after any future disaster, update (if necessary) 
and upscale (if possible).
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