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ABSTRACT

The present paper attempts to measure vulnerability of different communities who are dependent on coastal
resources like fishing and crab collection and also tries to measure such vulnerability for other communities
who are in the informal sector, petty business and casual labour in the Indian coastal Sunderbans. The
Livelihood Vulnerability Index (LVI) and modified LVI-IPCC index have been used to measure such
vulnerability. The paper is based on primary data collected from 197 households from four villages in the
district of South 24 Parganas, one of the coastal districts of Indian Sunderbans, West Bengal, India, in 2018
with the help of a structured questionnaire. The results of the paper revealed that the communities who
engaged in crab collection and fishing are relatively more vulnerable than that of other communities who
are in informal sector, casual labour and petty businessmen. This paper has an important policy implication
for conservation of natural resources and reduction of dependency on natural resources by creating of
alternative livelihood opportunity to the resource dependent communities.
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Introduction

The coastal communities are dependent on coastal
resources like fishing, crab catching and coastal eco-
systems for their livelihoods (Harding, 2013; Pörtner
et al., 2014; Brander et al., 2018). About 19 million
people involved in fisheries in Asia are found to be
income poor (FAO, 2002). Global climate change is
likely to affect coastal communities and made them
vulnerable to climate variability all over the world
(IPCC, 2001 and Monirul and Mizra, 2003).

In the Indian coastal Sunderbans about 4.5 mil-
lion populations are dependent on Sunderbans eco-
system for their livelihood and sustenance through
agriculture, fishing and crab collection and honey

collection with high exposure, sensitivity and low
adaptive capacity (Hajra and Ghosh, 2018; Danda et
al., 2013). Livelihoods in the Sunderbans are threat-
ened by the high levels of risks from cyclonic
storms, sea level rise, embankment failures, salinity
intrusion, and loss of mangrove forests (Knutson et
al., 2010). The degradation of mangrove forests put
local populations at risk.

  There is limited number of studies available for
the measurement of the climate change vulnerabil-
ity on different occupational groups especially in
the context of Indian coastal Sunderbans. This paper
attempts to study the impact of climate change on
different communities like fishing, crab collection,
casual labour, petty business and worker in the in-
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formal sector at the household level. This paper has
important implications for conservation of natural
resources and reduction of dependency of such
communities on natural resources by creating of al-
ternative livelihood opportunity.

Given the back drop, the main objective of the
paper is to measure degree of vulnerability of differ-
ent categories of occupational groups like fishing
community, casual labour, worker in the informal
sector, crab collection community, and Petty busi-
ness in the coastal Sunderban in the South 24
Parganas district of West Bengal.

Materials and Methods

Study area

The study area is on Indian Coastal Sunderbans.
The study was conducted in Patharpratima block
which is situated in the southern part of the district
of South 24 Parganas, one of the districts of
Sunderbans, West Bengal, India. It is entirely rural
area and closer to the sea. It is highly cyclone af-
fected block. The block Patharpratima is one the
vulnerable blocks in Indian Sunderbans (Jana et al.,
2017). It is located (Figure 1) at 21046’24"N longitude
and 88020’14"E latitude and bounded by Bay of Ben-
gal.

Method of data collection

The present paper is based on the primary data col-
lected from 197 households from the four villages in
the Patharpratima block of Indian coastal
Sunderbans, South 24 Parganas district, West Ben-
gal, India during 2018 with the help of a structured
questionnaire and group discussions. The sample
households are classified by major occupational
groups into fishing, crab collection, casual labour,
petty business and worker in informal sectors.

Vulnerability Index

The present paper has utilized index based vulner-
ability measurement. The first one is Livelihood
Vulnerability Index (LVI) of (Hahn et al., 2009) and
the second is the modified Livelihood vulnerability
index which is known as LVI-IPCC.

In the calculation of livelihood vulnerability in-
dex (LVI) eight sub-components of vulnerability like
Socio Demographic Profile (SDP), Livelihood Strat-
egies (LS), Food, Social Network (SN), Natural
Capital (NC), Water, Health and Climate Variable
(C) are taken into consideration.  Each of the sub
components index is again built with several indica-
tors. The indicators under SDP are percentage of
dependent people less than 20 years and more than
60 years, percentage of female headed households,
percentage of illiterate household head, percentage

Fig. 1. Map of the study area; Source:  (Dhara S, Paul. A.K. 2016)
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of female family members. Livelihood strategy (LS)
includes percentage of households with family
member working outside local area, percentage of
households change sowing and cropping schedule,
livelihood diversification index, average livestock
diversification index and monthly per capita in-
come. Food includes average crop diversity index
which is defined as the household who has capacity
to grow at least one additional crop such as veg-
etables or pulse along with traditional crop. Social
network incorporates percentage of households not
having access to communication media (like TV),
percentage of households not associated with any
organization (cooperative/ group), i.e. in Self Help
Group (SHG), and percentage of households who
are non member of 100 days job under Government
of India program. Natural capital includes percent-
age of households using only forest based energy
for cooking and percentage of marginal and small
farmer households. Water includes percentage of
households not having regular drinking water sup-
ply, percentage of households that utilize natural
water source for drinking water and percentage of
households go at least 1 km to fetch water. Health
covers percentage of households with family mem-
ber suffering from chronic diseases, percentage of
households does not receive treatment in local
health centre and percentages of households do not
have toilet facility. Finally climate variable includes
percentage of households realize reduction in rain-
fall in the last 5 years, percentage of households
who perceived flood/drought increased in last 5
years, percentage of households who perceived
storm increased in last 5 years and percentage of
households who did not receive any warning about
natural disasters.

The chosen indicators have different units and
scales. To bring them into a unit free single scale the
study takes the normalize value of each and every
indicator which lies between 0 and 1.  “0” shows the
minimum value and “1” is the maximum value.

Some indicators show positive relationships with
vulnerability and others have negative relationship
with vulnerability. For positive relationship with
vulnerability we have used the following formula.

 .. (1)

Min (Xij) and Max  (Xij) are the minimum and
maximum values of the j indicator reflecting low
and high vulnerability.

On the other hand for negative relationship with
vulnerability, the formula is given by

 .. (2)

The weighted vulnerability index is constituted
by Iyenger and Sudarshan (1982).

.. (3)

Where yi  is the vulnerability Index of the ith sub-
component, Xij is the normalized score of jth indica-
tor. wj is the weights of jth indicators such that (0, w
< 1 and j=i

k. wj = 1). wj xij is the weighted index of jth
indicator of ith sub component.

Since j=i
k. wj = 1 equation (3) can be rewritten as

yi = j=i
k. wjiij    .. (4)

The weight is determined by

.. (5)

Where c is constant such that

..  (6)

After calculating 8 sub components, livelihood
vulnerability index (LVI) is computed by weighted
mean as follows:

  .. (7)

Since weight (Wi) of ith sub component is 1 (),
equation (7) can be simplified as

   .. (8)

The livelihood vulnerability index varies from 0
(lowest value) to 1(highest Value) (Pandey and Jha
2012).
LVI-IPCC index: It is the modified livelihood vul-
nerability index. The contributory factors of vulner-
ability are exposure, sensitivity and adaptive capac-
ity.  Adaptive Capacity is constructed with four sub
components like Socio Demographic Profile (SDP),
Livelihood Strategies (LS), Food and Social Net-
work (SN).

Adaptive capacity Index =                =
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( Wi = 1)  =                                   .. (8)

The sensitivity index is also based on three sub
components like Natural Capital, Water and Health.

Sensitivity Index =  =  ( Wi = 1)

.. (9)

..  (10)

Lastly, LVI_IPCC index is then calculated as an
average of exposure, sensitivity and adaptive capac-
ity.   Symbolically,

Exposure+Sensitivity + Adaptive Capacity
LVI_IPCC = .. (11)

3

Results and Discussion

The distribution of sample households by major oc-

cupation is presented in Table 1.  It is revealed that
14 % sample households belong to fishing, 27% to
crab collection, and 31% belong to informal sectors
such as cold storage or rice mill or shop and shop-
ping mall / hotels situated in east and west
Midnapore and Hooghly district. 9% to petty busi-
ness and 19% are casual labour (Table 1).

Vulnerability of different occupational groups of
households in Coastal Sunderbans

The degree of vulnerability is indicated by the live-
lihood vulnerability index. The livelihood vulner-
ability indices for different livelihood groups in
coastal Sunderban, West Bengal are presented in
Table 2. The livelihood vulnerability indices of dif-
ferent occupational groups vary from 0.3719 to
0.5431. It is observed from Table 2 that the crab col-
lecting communities in coastal Sunderbans are most
vulnerable (0.5431) followed by the fishing commu-
nities (0.4998), the casual labourer (0.3968), and the

Table 1. Distribution of different occupational groups of households in the study area

Occupational groups Description /Example Sample households (%)

Fishing households ( N1) Households who are engaged in fishing in nearby river 28(14.22)
Crab collecting households (N2) Households  who are engaged in collecting crab  in nearby river 52(26.40)
Workers in the informal Households  who are engaged in rice mill/ cold storage/
sector (N3) shop/ shopping mall in nearby district 61(30.97)
Petty Businessmen   ( N4) Households who are engaged in doing small business like 18(9.14)

fish arat, crab arat, vending vegetable, small grocery/cycle and
bike repairing etc.

Casual labour ( N5) Households who are engaged in  agricultural work in other’s
land, construction of road, building etc. 38(19.29)
All   ( N1 +  N2+ N3 +N4 + N5 ) 197(100)

Table 2. Indices of sub components and vulnerability indices for different livelihood groups in coastal Sunderban, West
Bengal

Sub-components of Fishing Workers in Petty Crab Casual
Vulnerability Communities  informal sectors  business Collecting labour

men Communities

Socio-Demographic Profile Index 0.4260 0.2700 0.2537 0.4725 0.3580
Livelihood Strategy Index 0.2367 0.3598 0.3585 0.0027 0.1894
Food Index 0.02 0.0984 0.2778 0.01 0.1579
Social Net work Index 0.6108 0.5693 0.3497 0.9376 0.5448
Natural Capital  Index 0.8042 0.6486 0.5327 0.9990 0.7239
Water Index 0.7781 0.0007 0.0082 0.8151 0.0092
Health Index 0.6087 0.5192 0.3682 0.4743 0.5630
Climate Variable Index 0.5340 0.5089 0.4718 0.6429 0.6279
Livelihood Vulnerability Index
(by Hahn et al., 22009) 0.4998 0.3719 0.3276 0.5431 0.3968

Sources: Computed by author from field survey primary data
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workers in the informal sectors (0.3719). It is also
revealed that the petty businessmen is least vulner-
able (0.3276) community in coastal Sunderbans
(Table 2).

The fishing and crab collecting communities are
more vulnerable than other occupation groups due
to higher values of natural capital, social network,
water, health and climate variable (Table 2). The
high dependency of natural capital, less involve-
ment in social network, salinity of water, inaccessi-
bility to health care facility and less perception
about climatic events are responsible for high de-
gree of vulnerability of the fishing and crab collect-
ing communities in coastal Sunderbans. The work-
ers in the informal sector and petty businessmen are
less affected by natural capital, social network and
water (Table 2).

The modified livelihood vulnerability indices
(LVI-IPCC) for different occupational groups are
shown in Table 3.  It is observed from Table 3 that
vulnerability of the crab collecting communities is
highest (0.5864) and lowest for petty business men
(0.3616). The more vulnerable communities are crab
collecting communities followed by fishing commu-
nities, casual labour and worker in the informal sec-
tor in the coastal Sunderbans.  The fishing and crab
collecting communities are facing with high expo-
sure and high sensitivity compared to the other oc-
cupational groups of households (Table 3).  It is also
found that the adaptive capacities of each occupa-
tional group of households are lower than exposure
and sensitivity components of vulnerability.

Some studies are focusing on the measurement of
vulnerability in different geographical regions in the
global and national levels. It is important to mention
that some other studies in flood prone coastal re-
gions (Huyanh and Stringer, 2018), in Himalayan
region (Koirala, 2015; Panthi et al., 2015), in African
continent (Adu et al., 2017), Small Caribbean Island
(Schneider, 2007, McWilliams et al., 2005), and in
wet lands of South America (Shah et al., 2013). The

methodology used by the present study is similar to
the other studies (Tonmoy et al., 2014, Sisay, 2016).

Conclusion

The following conclusions have emerged from the
above analysis

First, on the basis of livelihood vulnerability index
of (Hahn et al., 2009) the crab collecting communi-
ties in coastal Sunderbans are most vulnerable
(0.5431) followed by the fishing communities
(0.4998), the casual labourer (0.3968), the workers in
the informal sectors (0.3719). The petty businessman
is found to be least vulnerable (0.3276) community
in coastal Sunderbans.

Second, in terms of modified vulnerability index
(LVI-IPCC) vulnerability of the crab collecting com-
munities is highest (0.5864) and that lowest for petty
business men (0.3616). The more vulnerable com-
munities are crab collecting communities followed
by fishing communities, casual labour and worker
in the informal sector in the coastal Sunderbans. The
high exposure, high sensitivity and low adaptive
capacity lead to high vulnerability to the fishing and
crab collecting communities.

Third, the high dependency of natural capital,
less involvement in social network, salinity of water,
inaccessibility to healthcare facility and less percep-
tion about climatic events are responsible for higher
vulnerability of the fishing and crab collecting com-
munities in coastal Sunderbans compared to other
communities.

The State of West Bengal has taken various initia-
tives for expanding the crop insurance packages for
small and marginal farmer’s security against crop
loss during flood or cyclone in the state (WBSAPCC,
2012).  The state has also arranged Early Warning
System (EWS) in the coastal Sunderban to combat
the stress of cyclones and storm surges under Disas-
ter Risk Reduction (WBSAPCC, 2012). The planta-

Table 3. Modified Vulnerability indices (LVI-IPCC) for different livelihood groups in coastal Sunderbans

Components of Fishing Workers in Petty business Crab Collecting Casual
Vulnerability Community  informal sectors  men  Communities  labour

Exposure index 0.5340 0.5089 0.4718 0.6429 0.6279
Sensitivity index 0.7303 0.3895 0.3030 0.7631 0.4321
Adaptive index 0.3184 0.3244 0.3099 0.3532 0.3125
LVI_IPCC 0.5276 0.4076 0.3616 0.5864 0.4575

Sources: Computed by author from field survey primary data
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tion and regeneration of mangrove forests on the
degraded mud flats are on the top priority in
Coastal Sunderban. This gives rise to ensure natural
protection of island from cyclone and storms. There
are several programs of the central and state gov-
ernments working in coastal Sunderban like Na-
tional Rural water and Sanitation Program, Na-
tional Elementary Education Program (Sarva Shiksa
Abhiyan), Mahatma Gandhi National Rural Em-
ployment Guarantee Act (MGNREGA), the housing
scheme, Indira Awas Yojana, the Food for Work
Programme, and the rural road building scheme,
Pradhan Mantri Grameen Sadak Yojana. These pro-
grams are important for rural development and
vulnerability reduction measures. The paper has an
important policy for the reduction of vulnerability
and poverty of the vulnerable coastal people. In
addition, the paper also calls for policy implication
for conservation of natural resources and reduction
of dependency on natural resources by creating of
alternative livelihood opportunity to the resource
dependent communities.

References

Adu, D.T., Kuwornu, J.K.M., Anim-Somuah, H. and
Sasaki, N. 2017. Application of livelihood vulner-
ability index in assessing smallholder maize farm-
ing households’ vulnerability to climate change in
Brong-Ahafo region of Ghana. Kasetsart. Journal of
Social Sciences. 1-11.

Brander, K., Cochrane, K., Barange, M. and Soto, D. 2018.
Climate change implications for fisheries and aquac-
ulture, In: Climate Change Impacts on Fisheries and
Aquaculture: A Global Analysis, eds B. F. Phillips and
M. Perez-Ramirez (Oxford:Wiley-Blackwell), 45–62.

Danda, A.A., Gayathri, S., Ghosh, A., Bandyopadhyay, J.
and Hazra, S. 2011. Indian Sundarbans Delta: A
Vision (New Delhi, World Wide Fund for Nature-
India)

Dhara, S. and Paul, A.K. 2016.  Status of Agriculture A Case
Study at Patharpratima Block of South 24 Parganas
district. International Journal of Innovative Science,
Engineering and Technology. 3 : 2.

FAO, 2002. The State of World Fisheries and Aquaculture.
Food and Agriculture Organisation of the UN,
Rome.

Hahn, M.B., Riederer, A.M. and Foster, S.O. 2009. The live-
lihood vulnerability index: A pragmatic approach to
assessing risks from climate variability and change-
a case studies in Mozambique. Global Environmental
Change . 19 (1) : 74–88. https://doi:10.1016/
j.gloenvcha.2008.11.002

Hajra, R. and Ghosh, T. 2018.  Agricultural productivity,
household poverty and migration in the Indian
Sundarban Delta. Elem Sci Anth. 6(1).

Harding, S. 2013. An assessment of the vulnerability of
small-scale fisheries in Madagascar to climate
change,” in Proceedings of the WWF Madagascar &
Western Indian Ocean Program Office, ed. S.
Harding (London: Blue Ventures Conservation).

Huynh, L.T.M. and Stringer, L.C.  2018. Multi-scale assess-
ment of social vulnerability to climate change: An
empirical study in coastal Vietnam. Climate Risk
Management, Elsevier. 20:  165–180/

IPCC, 2001. Climate Change 2001: Impacts, Adaptation,
and Vulnerability. Contribution of Working Group
II to the Third Assessment Report of the Intergovern-
mental Panel on Climate Change (IPCC), Cambridge
University Press: Cambridge, UK, 2001.

Iyengar, N.S. and Sudarshan, P.1982. A Method of Classi-
fying Regions from Multivariate Data. Economic and
Political Weekly, Special Article. 2048-2052.

Knutson, T.,  McBride, J., Chan, J., Emanuel, K. A., Holland,
G., Landsea, C., Held, I., Kossin, J.A., Srivastava, K.
and Sugi, M. 2010. Tropical cyclones and climate
change. Nature Geoscience. 3, doi:doi:10.1038/
ngeo779.

 Koirala, S. 2015. Livelihood Vulnerability Assessment to
the Impacts of Socio-Environmental Stressors in
Raksirang VDC of Makwanpur District Nepal. Mas-
ter thesis, Norwegian University of Life Sciences, The
Department of International Environment and De-
velopment Studies, Noragric.

 McWilliams, J.P., Cote, I.M., Gill, J.A., Sutherland, W.J.
and Watkinson, A.R. 2005. Accelerating impacts of
temperature-induced coral bleaching in the Carib-
bean. Ecology. 86 (8) : 2055–2060.

Monirul, M. and Mirza, Q. 2003 .  Climate change and
extreme weather events: Can developing countries
adapt? Climate Policy. 3 : 233-248.

Pandey, R and Jaha, S.K. 2012.  Climate Vulnerability in-
dex- measure of climate change vulnerability to
communities : a case of rural Lower Himalaya, In-
dia. Mitigation and Adaptation Strategies for Global
Change. 17 : 487-506.

Panthi, J., Aryal, S., Dahal, P., Bhanddari, P., Karakauer,
N.Y. and Pandey, V.P. 2015. Livelihood vulnerabil-
ity approach to assessing climate change impacts on
mixed agro-livestock smallholders around the
Gandaki River Basin in Nepal. Regional Environmen-
tal Change.  https://doi/10.1007/s10113-015-0833-y.

Pörtner, H.O., Karl, D., Boyd, P.W. and Cheung, W. 2014.
Ocean systems,” in Climate Change 2014: Impacts,
Adaptation, and Vulnerability. Part A: Global and
Sectoral Aspects. Contribution of Working Group II
to the Fifth Assessment Report of the Intergovern-
mental Panel on Climate Change, eds C. B. Field, V.
R. Barros, D. J. Dokken, and K. J. Mach (Cambridge,



772 Eco. Env. & Cons. 26 (2) : 2020

MA: Cambridge University Press), 411–484.
Schneider, S.H. 2007. In: Parry, M.L., Canziani, O.F.,

Palutikof, J.P., van der Linden, P.J., Hanson, C.E.
(Eds.), Climate Change 2007: Impacts, Adaptation
and Vulnerability. Contribution of Working Group
II to the Fourth Assessment Report of the Intergov-
ernmental Panel on Climate Change. Cambridge
Univ. Press, Cambridge, UK, pp. 779–810.

Shah, K.U., Dulal, H.B., Johnson, C. and Baptiste, A.K.
2013. Understanding livelihood vulnerability to cli-
mate change: Applying the livelihood vulnerability
index in Trinidad and Tobago, Researchgate, https:/
/www.researchgate.net/publication/236576858,
Elsevier, http://dx.doi.org/10.1016/j.geoforum.

2013.04.004.
Sisay, T. 2016. Vulnerability of Smallholder Farmers to

Climate Change at Dabat and West Belesa Districts,
North Gondar, Ethiopia. Journal of Earth Science &
Climatic Change. 7 : 8 DOI: 10.4172/2157-7617.
1000365.

Tonmoy, F.N., El-Zein, A. and Hinkle, J. 2014. Assessment
of vulnerability to climate change using Indicators:
A meta Analysis of the literature. Willy Inter disci-
plinary Review of Climate Change. 5 : 775-792. doi:
10.1002/wcc.314 University of Oxford.

WBSAPCC. 2012. West Bengal State Action Plan on Cli-
mate Change (WBSAPCC). Department of Environ-
ment, Government of West Bengal.


