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Key Messages

• The younger generation from Indian Sundarban delta is mostly opting for migrant
labour jobs outside the region.

• Individual educational attainment is found to have an inverse relationship with
activities like fish and crab collection. Education enables the local youth to gather
more information and to move outward.

• A policy of incentivizing and facilitating basic education among youth in these
remote rural locationsmay increase their livelihood resilience and help in reducing
ecological stress.
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26.1 Introduction

26.1.1 Sundarban: Geography, Ecology and People

Spread over India and Bangladesh, the Sundarban is the largest single mangrove
forest in the world, an ecological hotspot and a UNESCOWorld Heritage Site for its
biodiversity significance. The region is a tidal delta, and its islands are yet to attain
matured heights. On the Indian side, out of a total of 102 islands, 48 falls within the
Sundarban Reserve Forest (SRF) that is home to the famous Royal Bengal Tiger.
The remaining 54 islands are inhabited by over 4.5 million people (WWF, n.d.).
The SRF and the settlements are on two mutually exclusive sets of islands. Human
settlements were made possible only by earthen embankments all around the islands,
which sustain freshwater agriculture amidst surrounding saline waters. In the Indian
part, a large area outside the SRF is declared in 1989 as the Sundarban Biosphere
Reserve which covers a considerable area outside the deltaic islands. The SRF lies
in the eastern corner of India bordering Bangladesh while the populated islands are
located along the western periphery of the delta.

This mangrove ecosystem is highly productive in terms of forest biomass and
nutrient contribution, especially through detritus-based food webs that support rich
biodiversity in this estuarine delta. It is a nursery ground for many kinds of fish and
other species and is responsible for maintaining the fish stock and aquatic diversity
for a vast area in the northern Indian Ocean (Neogi et al., 2017).

People have started settlements on these erstwhile mangrove-dominated islands
within the last two centuries. As population expanded over time, the shortage of
productive land led to the clearance of large areas of mangrove for agriculture and
aquaculture. Studies have identified the changing salinity profile of the delta due to
climate change aswell as human intervention. It is, however, indicated that increasing
glacial melt from the Himalayas might have decreased the salinity at the mouth of the
Ganges in the eastern sector of Sundarban that lies in Bangladesh. At the same time,
salinity has increased in the central sector, where the connections to the freshwater
sources upriver have been ruptured due to heavy siltation and construction activities.
The impact of such changes could be alarming for the ecosystem (Banerjee, 2013).

Sundarban’s large human population is exposed to a new set of challenges posed
by global climate change. Studies indicate that changes in river discharge, tides,
temperature, rainfall and evaporation will affect the wetland nutrient variations,
influencing the physiological and ecological processes and hence biodiversity and
productivity of Sundarban mangroves. Hydrological changes in wetland ecosystems
through increased salinity and cyclones will lower food security and increase human
vulnerability to waterborne diseases (Neogi et al., 2017). The ripple effect of these
changes will havemulti-faceted adverse impacts on the nature-dependent livelihoods
of nearby communities. Studies have concluded that elevated health risks, reduced
land and labour productivity and increased exposure to storms, floods, droughts and
other extreme events will make escape from poverty more difficult for the local
communities (Dasgupta et al., 2020).
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26.1.2 Climate Change Threats to Local Livelihood

Research interest in this region picked up after climate change predictions identified
this large coastal population, including those residing in the Bangladesh part of
Sundarban, as one of the most vulnerable communities in the world. While the long-
term vulnerability of this region is due to soil salinization and area loss from sea-level
rise, the more immediate fallout is the predicted increase in cyclonic storm frequency
in the Bay of Bengal. Using data on tropical cyclone frequency over the eastern
coast of India from 1891 to 2013, a study concluded that there is indeed a trend of
enhanced cyclogenesis during themonths ofMay,October, November andDecember
(Mishra, 2014). Another recent study analysed a geo-referenced panel database of
cyclonic storm tracks in Bay of Bengal between 1877 and 2016. Considering the
pattern of cyclone landfall history over the entire coastline of Bangladesh and that
of the states of Odisha and West Bengal in India, the study found that the median
location of cyclones has shifted eastward over time, with the highest-impact zones
currently found in northern Odisha and in the Sundarban region of West Bengal in
India (Dasgupta et al., 2020). The role that mangroves play by providing protection
services has been well-documented by Das (2021, Chap. 17 of this volume) in the
context of Odisha, India.

Studies have identified shifts in the distribution of aquatic species as well as in the
timing of their reproduction (Neogi et al., 2017). Fisheries constitute an important
source of livelihood for this poor remote island population. Studies conducted on the
Bangladesh part of Sundarban show that aquatic salinization may have an especially
negative impact on poor households in the region by 2050. The estimates indicate that
areas with poor populations that lose species are about six times more prevalent than
areas gaining species (Dasgupta, 2017). Studies have also assessed respondents’ risk
perceptions of saline water inundation on such aquaculture through risk assessment
tools. It was observed that respondents in low-lying areas of Sundarban considered
cyclone and coastal flooding as extreme risk events (Chand et al., 2012).

Studies have also found that land and aquatic salinization would also affect the
stock and spatial distribution of mangroves in Sundarban. Such changes are likely to
affect the prospects for people’s forest-based livelihoods. Salinity-inducedmangrove
migration is expected to have a strong regressive impact on the value of timber stocks
because of the loss of the highest value timber species. In addition, the augmented
potential for honey production is likely to increase conflicts between humans and
wildlife in the region (Chowdhury et al., 2016; Dasgupta et al., 2017).

26.1.3 Livelihood and Stress on Natural Resources

Agriculture has always been the mainstay of people on these islands and provided
local food security. Studies predict progressive salinization of water and soil will
result in a decline in rice output by 15.6% in nine sub-districts of the Bangladesh part
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of Sundarban before 2050 (Dasgupta et al., 2018). Salinity ingression on farmland
mostly occurs through storm surges and embankment collapse resulting fromextreme
weather events. The large-scale impact of such events was amply demonstrated by
cyclone Aila in 2009 when it devastated large sections of protective embankments
resulting in saltwater inundation of agricultural land and freshwater ponds on most
islands, damaging crop productivity and agricultural patterns (Haldar & Debnath,
2014).

River dynamics may have been accentuated in recent times as a result of climate
change and sea-level rise, and there is regular river erosion and accretions in different
parts of the delta. (Raha et al., 2012).But newly formedmudflats are invariably treated
as government land and no one is allowed to settle there. As a result, the delta on the
Indian side has a significant share of landless population and marginal farmers. Also,
due to lack of irrigation facilities as well as basic infrastructure, agricultural practices
are traditional and dependent on seasonal rainfall. People supplement their income
by exploiting forest and surrounding aquatic resources (MahadeviaGhimire&Vikas,
2012). With decreasing land resources, there are more incursions inside the SRF area
for fishing, crab catching and honey collection. Fishermen venture into forest creeks
for better catch as those places are supposed to be richer in fish concentration. In the
Indian part of Sundarban, around 20% of the islands’ inhabitants are estimated to be
surviving on fishing activities (Ghosh, 2017).

Going inside the reserve forest carries the risk of tiger attacks but the poor continue
to do so for their livelihood. A study on the victims (both death and injury) between
1999 and 2014 estimates the risk of tiger attack in the range of 0.11–0.88 for every
10,000 residents of the blocks surrounding SRF. The majority of the victims (68%)
were found to be male, aged between 30 and 50 years (Das, 2018).

Another form of natural resource extraction has also caused great harm to the
aquatic resource stock. From the late 1980s, international markets started opening
up for large-scale export of the locally available shrimp species usually referred as
tiger shrimp (Penaeus monodon). Its juveniles were abundantly available in the local
rivers andwere in high demand by newly established inland shrimp farms. Collection
of these juveniles started on a large scale and was a lucrative avenue to earn hard cash
for the local poor. Over the next two decades, indiscriminate shrimp seed collection
caused serious harm to other fish juveniles. This practice greatly contributed to the
gradual decline in the fish populations in Sundarban (Gopal &Chauhan, 2006;World
Bank, 2014).

Estimation of yield, exploitation rate and maximum sustainable yield for major
shell and finfish species in SRF has signalled overexploitation (Hoque Mozumder
et al., 2018). The IUCN has already listed the status of a number of economically
important fish species of Sundarban as ‘threatened’ (Hoq, 2007). Other studies have
also identified the northern Bay of Bengal ecosystem as an exploited one as its fish
stock is being steadily depleted under huge pressure from fishing (Dutta et al., 2017).

In recent times, the fall in relative price of shrimp-fry as well as government
restrictions and environmental awareness programmes have led to some reduction
in shrimp juvenile collection. Instead, collection of mud crabs (Scylla serrata) from
the delta has greatly increased due to better realization of price in the international
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market (Nandi & Pramanik, 2017). As crab is a keystone species for the mangrove
ecosystem (Smith et al., 1991), intensification of its collection from the wild has also
accentuated the anthropogenic stress on it.

Pressure on the Sundarban’s ecosystem has also resulted from investments
requiring clearing of mangrove forests. Studies identified that the Chakoria
(Bangladesh) mangrove forest had completely disappeared between 1903 and 2010,
primarily to make way for inland shrimp farms. Empirical evidence shows that such
interventions resulted in significant livelihood loss for the local communities (Islam,
2014).

26.1.4 Labour Outmigration

Though settlements in Sundarban delta are relatively recent, increasing population
and decreasing agricultural land coupled with dwindling fish stock is resulting in
large labour outmigration in recent years. Increasing soil salinity associated with
extreme weather events has decreased agricultural productivity, which in turn is
fuelling such outmigration (Hajra & Ghosh, 2018). In the aftermath of cyclone Aila
(2009), which resulted in widespread and prolonged loss of agriculture in the delta,
labour outmigration emerged as a predominant coping strategy for the local poor
against their agricultural loss (Ghosh, 2013).

The extent of this phenomenon has been investigated in some studies both quan-
titatively and qualitatively. It is found that almost 75% of migrant labour travel
inter-state and work in the western and southern Indian states. Almost 95% of them
are male and they mostly work as construction labour and come back to Sundarban
in the monsoon period for paddy cultivation (Guha & Roy, 2016; Mistri, 2013).

Much of the empirical literature on Sundarban hovers around climate change
implications for local livelihood and its ecological health. The socio-economic profile
of poor communities, those who exert direct anthropogenic stress on the ecosystem,
is relatively less explored. A study conducted in Bangladesh found that the livelihood
condition and education level of the Sundarban fishermen is very poor (Mondal et al.,
2018). Similar inference is drawn for its Indian counterparts in another study (Mistri
& Das, 2015). However, none of these studies is based on a reasonably large sample
and does not detail the livelihood choices and their dynamics in this delta.

On the Indian side, there is a discernible shift in the livelihood mix of the
Sundarban people in recent years, caused by population pressure and decreasing
land and other natural resources. Migrant labour jobs are being adopted increas-
ingly by the local youth, which is also facilitated by infrastructural development and
easier communication through mobile connectivity. These livelihood dynamics have
important implications for the local ecosystem as they may help in reducing anthro-
pogenic stress. A study on the pattern of such spontaneous livelihood adjustments is
crucial for devising supporting policies. Such a study is conspicuous by its absence
in existing literature.
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26.2 Objective, Study Area and Data

This study intends to fill the research gap mentioned above. The data is generated
from four different sets of household surveys in the region conducted during 2012,
2015, 2017 and 2019. Though the surveyed households were different across years,
there is a large overlap in theGramPanchayat areas that were covered. Altogether, the
primary data consists of 2800 households having over 5500 adult earning members
in them. It makes this study a rare one that uses such a large primary dataset from
Sundarban and lends credence to the empirical evidence.

The set of sample households differed in these surveys as they were conducted
with separate study objectives under different research projects.1 Most of the sampled
households are from the remote islands in the Indianpart of theSundarban.The spatial
coverage of the four surveys mostly includes Gram Panchayat areas in the periphery
of SRF. It should be noted that in spite of the overall cross-section as well as time
series characteristics, the aggregate information does not constitute a panel dataset
as the primary sample units (households) were different across surveys. The set of
all Gram Panchayat areas covered under these surveys is shown in Fig. 26.1.

While the survey rounds differed in their primary study objective, a common
module in the survey instrument included individual member profiles including
information on age, sex, educational attainment, main occupation and subsidiary
occupations. These sets of individual information are rich enough to shed light on
the current study objective.

26.3 Findings

26.3.1 Household Size, Earning Members and Number
of Activities

The resource stress and low agricultural output per capita imply multiple supplemen-
tary earning activities taken up by householdmembers whenever possible. Table 26.1
summarizes the findings in this regard.

1 2012: Dynamics of households’ adaptation and resilience: Sundarban after cyclone Aila,

sponsored by South Asian Network for Development and Environmental Economics (SANDEE).

2015: Livelihood impact of electricity and road-links in remote rural villages: a study in Sundarban
delta, sponsored by National Bank for Agricultural and Rural Development (NABARD).

2017: Developmental interventions, rural transformation and environmental sustainability: A study
on Sundarban in India, sponsored by Indian Council of Social Science Research (ICSSR).

2019: SAWI-Sundarbans Targeted Environmental Studies, sponsored by The World Bank.
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Fig. 26.1 Gram Panchayats covered for primary surveys in the Indian Sundarban. Source Google
Earth

Table 26.1 Indicators for multiplicity of earning activities

Indicators First survey
(2012)

Second survey
(2015)

Third survey
(2017)

Fourth survey
(2019)

Average household
size

4.98 5.45 4.28 4.47

Average number of
earning members
per household

1.91 1.87 1.72 2.34

Average number of
earning activities
per earning member

1.57 1.41 1.32 1.70

Source Primary surveys in different years

The highlight of the table is the presence of more than one earning member even
though the average household size is small. The earning from the primary occupation
was supplemented through other activities.

Though the metrics are provided with their temporal dimension in the table, it
would be wrong to conclude anything relating to their time trend. There is spatial
concentration of households depending on whether their main activity is based on
land or river. Hamlets located close to the rivers and the forest have a relatively larger
proportion of households collecting fish and crab. Depending on the specific study
objective, the selection of hamlets was done in different years with different shares
of these hamlet types. It resulted in noticeable differences across columns in Table
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26.1. The main purpose of the table, however, is to provide background information
on the sample households and their livelihood intensity. The main findings of this
study are summarized in the following sections.

26.3.2 The Livelihood Mix

Information on main and subsidiary occupations across survey years were collected
by aggregating all possible earning activities in the following eightmutually exclusive
and exhaustive groups:

i. Agriculture and farm labour: All agriculture related activities including inland
fisheries, animal husbandry and farm labour jobs.

ii. Non-farm labour: All forms of daily wage earning except from farm-sector
inside Sundarban region.

iii. Fish/crab catching: All forms of collections from open rivers and forests
including shrimp-seedling and honey collection.

iv. Migrant labour: All labour jobs taken up in locations outside Sundarban
region.

v. Self-employed professional: All specialized commercial activities requiring
skills like private tuition, traditional medicine (quacks), priests etc.

vi. Business: Any other commercial enterprise requiring capital investment.
vii. Salaried employment:Regular employment,mostly teachers and staffs in local

primary schools, government enrolled village health workers, other staff at
local Panchayat office, NGO-workers with regular salary, etc.

viii. Other Miscellaneous: Rent earning, old-age pension, widow pension,
disability pension, etc.

Since earning members generally show a multitude of earning activities, it is
difficult to identify each of them exclusively with one of the above categories. Hence,
all the earning members in different survey rounds are categorized following their
self-reported ‘primary’ occupation only. Figure 26.2 describes the relative share of
these occupations over survey years.

The relative shares of activities vary across the survey rounds due to differen-
tial choice of hamlets, as described before. But the robustness of finding lies with
the consistent high rank of the three livelihood options across the years—agricul-
ture, fishing and migrant labour jobs. The predominance of these three activities, in
spite of differences in sample hamlets, endorses the postulate regarding limitation of
livelihood options in the delta.
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Fig. 26.2 Relative distribution of primary occupations. Source Primary survey

26.3.3 Livelihood Across Age and Education

It is interesting to see how these livelihood options are distributed among earning
adults when they are categorized across age groups. In the aggregate dataset, age
of an earning member showed a range of 10–96 years. Age below 15 years was
recorded only for a few members engaged in shrimp juvenile collection. A couple of
very old (more than 90 years) earning members were also found who were ‘earning’
as recipients of old-age pension.

Figure 26.3 describes the average age of earning members across the eight activ-
ities over the survey rounds. The figure clearly indicates that migrant labour jobs
involve the youngest of the labour force from the delta. The robustness of this obser-
vation is also revealed by the figure as this phenomenon is markedly similar across
all survey years.

Amarked difference in average age across occupations is indicative of the inherent
livelihood dynamics across generations. In the beginning, islanders started with agri-
culture as their main occupation. Gradually people resorted more to fish/crab collec-
tion, and later, migrant labour jobs have been replacing both of these activities for the
younger generation. The gradual lowering of the height of the bars across these three
activities might be interpreted in this light. The average age for ‘other miscellaneous’
activities is always much higher as it consists of old-age and widow pensioners. All
other occupation choices show more or less similar values for their average age,
which is also close to the overall average in the sample.

The educational status, indicating the human capital one possesses, is another
interesting aspect to look at. For easier understanding, information on individual
educational attainments is categorized into four mutually exclusive and exhaustive
classes. The overall education profile of the earning members in the sample is shown
in Fig. 26.4, which describes the relative shares of the four education classes. It
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Fig. 26.3 Average age across activities and years of survey. Source Primary survey
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Fig. 26.5 Educational attainment across activities. Source Survey in 2019

is clear that the earning adults in the delta are poorly educated, with only a small
fraction of them being able to proceed beyond the secondary level.

Further education-activity decomposition gives more interesting insights. To keep
the information simple and easy to comprehend, Fig. 26.5 is produced using only
the latest survey year (2019). The figure, however, captures the essence of the
distribution, which is found to be robust across other survey years as well.

It is observed that the lowest education class (below class IV) forms the modal
class for ‘Non-farm labourers’ and ‘Fish/crab catchers’. It is also the modal class
for old people earning from old-age and widow pensions (other miscellaneous),
who constitute the bulk of the local illiterate population. The spread of more acces-
sible primary and secondary education in these remote islands is a relatively recent
phenomenon.

The study finds that only a negligible section of the local people could reach up to
graduation level. The majority of these graduates are found to be engaged in private
tuition (self-employed professional) and a handful of them could become teachers
in local primary schools (salaried employment). This explains the dominance of the
highest educational class for these activities.

The most interesting aspect in Fig. 26.5 is the completely opposite educational
attainment pattern between ‘fish/crab catchers’ and ‘migrant labourers’. The former
category is heavily skewed towards the lowest education class while it is just the
opposite for the migrants.



410 S. Ghosh and S. Roy

26.4 Conclusions and Policy Implications

The Sundarban is a very important geographical region both for the ecological health
of the Bay of Bengal and the millions of poor people in Bangladesh and India that
inhabit the area. Its geographical and ecological aspects have been studied over the
last several decades. The region caught the fancy of the research community with
climate change-related vulnerabilities identified for its large resident population. On
the Indian side, the region is also witness to significant dynamics in livelihood owing
to availability of mobile communication and transport infrastructure in recent years.
Yet, studies on these livelihood dynamics supported by micro-level data are scarce
in the literature.

This study bridges this crucial research gap by using information from several
rounds of household surveys that were conducted in the Indian part of the Sundarban
over the last decade. Themajority of the sample observations belong to the peripheral
hamlets of Sundarban Reserve Forest. The pooled data of 2800 households and over
5500 adult earning members unfolds an interesting story of people’s resilience in
the face of climate change-induced loss in their traditional livelihood. The study
finds strong empirical evidence suggesting that the younger generation in the delta
is coping with the situation by moving out of the region as migrant labour. Such
livelihood dynamics might be considered ecologically beneficial as it reduces the
anthropogenic stress on the mangrove ecosystem.

The study also finds that a little improvement in individual educational attainments
can cause an increase in this labour outflow. A strong positive inducement for this is
found to exist for education up to secondary level.Working at a distant location and in
a completely different cultural environmentmight need a level of communication and
information gathering skill that the illiterate or very minimally educated people do
not possess. This finding has important policy implications. Additional government
initiatives in enhancing school enrolment, arresting school dropouts and incentivizing
educational attainments up to secondary level can be a policy handle for an ecological
goal. It seems that enhancing the basic educational infrastructure in this remote deltaic
region goes much beyond its apparent objective of building social capital in general.
In an ecological hotspot like the Sundarban, such investments in education would
increase community resilience in the face of climate change threats to their traditional
livelihood.

26.5 Limitations and Scope for Further Research

This study is intended to shed light on the dynamics of livelihood mix in Indian
Sundarban and its implication for local ecology. The empirical estimates reported
here should be interpreted with a word of caution. The region is characterized by
spatial concentration of fish/crab-based livelihood in the proximity of rivers. For
villages or hamlets away from rivers, livelihood is mostly based on agriculture.
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The proportion of households depending directly on natural resources would vary
depending on the choice of sample hamlets. In this study, hamlet selections were
not purely random, and hence, the overall sample might not be directly used for
population estimates on livelihood mix. However, this study is not attempting to
make any such estimation either. It might be noted that households were selected as
stratified random samples from within those hamlets, where stratification was done
on the basis of landholding. Deeper investigations on the factors inducing the youth
for migrating out, and the marginal effect of such outmigration on local ecological
indicators remains an interesting and open research agenda for Sundarban.
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