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Abstract

While the benefits humans gain from ecosystem functions and processes are critical in natural resource-dependent
societies with persistent poverty, ecosystem services as a pathway out of poverty remain an elusive goal, contingent
on the ecosystem and mediated by social processes. Here, we investigate three emerging dimensions of the ecosystem
service-poverty relationship: economic contribution of provisioning ecosystem services to the household livelihood mix,
social-ecological systems producing different bundles of ecosystem services and material wealth versus reported life
satisfaction. We analyse these relationships in Bangladesh, using data from a bespoke 1586-housechold survey, stratified
by seven social-ecological systems in the delta coastal region. We create poverty lines to ensure comparability with
traditional poverty measures that overlook environmental factors and subjective measurements of well-being. We find
that any contribution of ecosystem service-based income to the livelihood mix decreases the likelihood of the incidence
of poverty, and of individuals reporting dissatisfaction. We find no relationship between the incidence of material
poverty and the specific social-ecological systems, from agriculture to fishery-dominated systems. However, the prob-
ability of the household head being dissatisfied was significantly associated with social-ecological system. Individuals
living in areas dominated by export-oriented shrimp aquaculture reported lower levels of life satisfaction as an element
of their perceived well-being. These results highlight the need for social policy on poverty that accounts for the diversity
of outcomes across social-ecological systems, including subjective as well as material dimensions of well-being.
National poverty reduction that degrades ecosystem services can have negative implications for the subjective well-
being of local populations.
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Introduction

Despite rapid urban growth, many of the world’s poor still live
in rural areas and are dependent on natural resources for their
income. Ecosystem services is a concept that explicitly con-
siders the benefits humans gain from the natural environment,
so that such benefits can be incorporated into economic valu-
ations and management for sustainability. Often, the concept
is brought to bear to provide economic reasoning for conser-
vation (Pascual and Howe 2018) in low-income settings, and
shows that conservation can also have positive benefits for the
well-being of those dependent on the resources (Howe et al.
2013). Often, there are difficult trade-offs to be made between
types of ecosystem services, benefits and users at different
temporal and spatial scales (Schreckenberg et al. 2018).

However, many populations with high levels of poverty are
not necessarily clustered in areas of high ecological signifi-
cance. Rather, such populations often have already experi-
enced rapid land use change and degradation associated with,
for example, land intensification, the switch from subsistence
farming to cash crops and increased influence of agricultural
and resource exports. In such locations, increased productivity
has been at the expense of underlying supporting ecological
processes, which combined with the impacts of climate
change, has led to the degradation of natural resources (e.g.
Hossain et al. 2016). There is growing evidence that environ-
mental degradation is amplified in open access or common
pool resources, in the absence of alternative livelihood options
and social safety nets for poorer populations (e.g. Fisher et al.
2014). Environmental degradation combined with increased
influence of volatile commodity markets, therefore, means
that rural livelihoods are mixed and dependent on a range of
off-farm activities and often migration (e.g. Blaikie et al.
2002). Populations rely on remittances from migration to oth-
er areas, income from cottage industries and small businesses
and selling labour in sectors such as construction and transport
(Bebbington 2000; Rigg et al. 2018). Exploitation of the nat-
ural environment has led to some development gains
(Raudsepp-Hearne et al. 2010), but benefits are clearly not
widely distributed.

The relationship between natural resources and well-
being is complex. Agriculture often remains the corner-
stone of rural livelihoods, but rarely serves as a pathway
out of poverty (e.g. World Bank 2016). High economic
dependence on ecosystem services can be associated with
both extreme poverty and a lack of poverty depending on
the level of assets and entitlements. Extreme poverty can
be found in the landless and jobless who rely on open-
access or common pool resources or agricultural wage
labour while living in a state of precarity; a lack of pov-
erty is seen in large land-owning farmers who can enter
high-end, high-return agri-business (Toufique and Turton
2003). Thus, incomes based on open access resources
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such as fisheries can be both a cause and consequence
of poverty and exclusion (Béné 2003).

Looking forward, the role of the natural environment in
improving living conditions for the rural poor, and generating
pathways out of poverty, is uncertain. This paper takes an
ecosystem service perspective and investigates whether some
of the ambiguity in the relationship between ecosystem ser-
vices and positive livelihood trajectories is the result of differ-
ent proportions of provisioning ecosystem services in the live-
lihood mix, an element that has yet to be interrogated system-
atically. We control for three other key factors well understood
to influence how benefits are accrued by users: (1) the bundled
(not random) distribution of ecosystem services and spatial
differences in their availability (e.g. Hamann et al. (2015)),
(2) social processes that mean uneven access to those ecosys-
tem services that are available (e.g. Hicks and Cinner (2014))
and (3) different well-being indicators (e.g. Gough and
McGregor (2007)). Since many households diversify their
livelihood and utilise many different services, we analyse the
poverty-ecosystem service relationship by social-ecological
system rather than individual ecosystem services and benefits
to allow for a suite of services and benefits to be used
simultaneously.

Using bespoke household survey data from the from
Ganges-Meghna-Brahmaputra delta, on the south and south-
west coast of Bangladesh (Adams et al. 2016a, b), we run
logistic regression models to predict material poverty (defined
by the ability of household to meet cost of basic needs) and
low reported life satisfaction (current and future reported life
satisfaction of household head below 4 on a 10-point scale)
from the percentage of household income originating directly
or indirectly from provisioning ecosystem services. We strat-
ify our sample by social-ecological systems, operationalised
using satellite imagery and geographic information systems.
Within the model, we control for social mechanisms that me-
diate the relationship between ecosystem service availability
and well-being (e.g. Fedele et al. 2017), focusing on risk
spreading strategies of assets, loans, migration and patron-
client relationships.

Well-being from ecosystem services
in complex delta social-ecological systems

Material poverty and subjective well-being

Poverty reduction strategies have focused on measuring ma-
terial poverty, for example, headcount ratios and the number
of people living below the poverty line, defined by the ability
of the household to meet its basic needs. It is important to
analyse such poverty lines in the context of transitory poverty,
depth of poverty, inequality and multi-dimensional poverty.
For example, households can move into, and out of, poverty



Reg Environ Change (2020) 20: 42

Page3of 16 42

over time, and as such, assessments consider the risk of falling
into poverty (e.g. through sickness of the main income earner)
(McCulloch and Baulch 2000). Another key dimension is the
depth of poverty; a poverty line obscures the differences in
conditions in households classified as under the line. For ex-
ample, the ultra-poor (those in the bottom wealth quintile)
tend not to benefit from poverty reduction strategies due to
their marginalised position in society (Lenhardt and Shepherd
2013).

Furthermore, relational aspects are important given that
absolute poverty often is less important in terms of a range
of well-being outcomes than relative poverty (Cojocaru
2016). Decreases in average poverty can obscure, and are
potentially outweighed by, increasing levels of inequality be-
tween and within nations, for example, measured through the
Gini coefficient. Measures of material conditions are com-
monly supplemented by other dimensions of well-being such
as health and education (Alkire and Foster 2011). Yet, poverty
lines and headcount ratios remain key indicators: they are
standardised measures of poverty, generated using easily and
universally available data, that allow comparison between dif-
ferent places and allow progress to be tracked over time.

Such headcount ratios have been used extensively to inves-
tigate the link between natural resource use and poverty
(Carter and Barrett 2006) and by the Bangladesh government
in its own assessment of poverty (Toufique and Belton 2014).
However, they do not address issues surrounding poverty dy-
namics or depth of poverty described above. The comparabil-
ity of standard headcount measures aligned with culturally
calibrated poverty lines leads. This study focuses on house-
holds and the distribution of poverty across social-ecological
systems, but maintaining comparability with standard
headcount measures and culturally calibrated poverty lines.
Other studies focus beyond the household by examining dy-
namics within households to explain, for example, livelihood
diversification and food consumption (e.g. Ellis 1998; Klasen
and Lahoti 2016).

However, material conditions alone are not sufficient to
create the ‘good life’; that is to say, high levels of welfare,
or happiness, often termed subjective well-being.
Subjective well-being represents “all of the various evalu-
ations, positive and negative, that people make of their
lives, and the affective reactions to their experiences”
(OECD 2013; p. 10) and is usually defined by a cognitive
(evaluative), affective (emotional) and eudaimonic
(meaning-based) elements. Development interventions
aim to generate material well-being not for its own end
but to improve wider subjective well-being (but the two
dimensions only partially correlate (Diener and Tay
2015). Thus, it is crucial to measure not just material im-
provement but whether those material improvements are
able to assist in the target population meeting their own
life objectives. Subjective well-being forms one element

of multi-dimensional well-being, along with health, educa-
tion and good social relations, but is also impacted by these
factors.

There are different approaches to understanding the subjec-
tive elements of well-being. Approaches that draw from eco-
nomic ideas of happiness as welfare or utility analyse the
relative value to the individual of different physical, social
and psychological needs being met. They identify objective
life domains such as health, income and relationships and
focus on understanding their relative importance, as well as
individual and group differences in preferences (e.g. Gough
and McGregor 2007; Camfield and Esposito 2014; McGregor
et al. 2015). Research that draws on Sen’s (2001) capability
approach conceptualises human well-being as the ability to
take part in society in a meaningful way. Here, subjective
well-being results from processes such as equality of oppor-
tunity, personal freedoms, human agency, self-efficacy, an
ability to self-actualise, dignity and relatedness to others
(e.g. Nussbaum 2001; Markussen et al. 2017; Hojman and
Miranda 2018). Psychological perspectives focus on individ-
ual differences in experiences of subjective well-being based
on personality traits, inherited predisposition and previous ex-
periences (e.g. Diener et al. 2017). Other scholars have
stressed the importance of relational aspects that take into
account that people are embedded in multiple different rela-
tionships and that levels of well-being are contingent on the
context (White 2017).

In the absence of a straightforward way of assessing all
these contributors to subjective well-being, self-reported mea-
surements of global life satisfaction ask the person to make an
overall assessment of how well they think they have met their
own life objectives, weighting different elements themselves
(e.g. Diener et al. 2013). Measures of reported life satisfaction
allow for a simple quantitative measurement of subjective
well-being that can be included in larger questionnaire instru-
ments. For example, this scale has been employed to measure
subjective well-being across a variety of poor and rich country
settings in the Gallup World Poll (Helliwell 2003; Diener and
Tay 2015) and the UK Measuring National Well-Being pro-
gramme (Evans et al. 2015). These simple quantitative mea-
sures, while imperfect, allow collection of subjective well-
being data to be compared with material measures (e.g. in-
come, expenditure, assets). In this study, we go further to
create a poverty line in reported life satisfaction using a 10-
point scale and Gallup’s ( 2019) Struggling category. This
enables us to directly compare between subjective well-
being and headcount ratios of poverty that are widely used
and accepted in policy circles, including in Bangladesh.

Ecosystem services

When discussing the well-being of rural populations and, in
particular, those dependent on natural resources for their
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income, multi-dimensional well-being is constructed in the
context of the environment and its changes (Schreckenberg
et al. 2018). The concept of ecosystem services takes an an-
thropocentric perspective on the natural environment, making
explicit the links between nature and human well-being. Thus,
they are defined as the benefits humans gain directly or indi-
rectly from the natural environment (Fisher et al. 2009). Since
the Millennium Ecosystem Assessment (MA 2005), which
brought the idea to prominence, four broad categories of ser-
vices have been utilised—provisioning (e.g. food, water), reg-
ulating (e.g. climate, water, disease regulation), cultural (e.g.
spiritual, aesthetic) and supporting (e.g. primary production,
soil formation). Although, various authors have modified and
tried to improve on this categorisation, for example, to better
account for non-material services and better disaggregate the
catch-all category of cultural ecosystem services (Small et al.
2017).

The ecosystem service concept is useful as an analytical
framework for understanding how natural resource depen-
dence interacts with poverty trajectories in low-income rural
settings. This body of work has shown, in general, the impor-
tance of trade-offs over time and space (e.g. Rodriguez et al.
2006; Adams et al. 2018a) and the crucial role of procedural
justice in ensuring positive well-being outcomes for natural
resource—dependent poor (Schreckenberg et al. 2018). An
ecosystem service framework has also shown the need to dis-
aggregate by both the type of benefit gained from the ecosys-
tem service (e.g. subsistence or cash benefits), different user
groups (e.g. men or women), as well as by value of the service
(Daw et al. 2011) and demonstrated that there is variation in
the sensitivity of individuals’ well-being to changes in ecosys-
tem services (Adams and Adger 2013; Daw et al. 2016).

Ecosystem services affect subjective well-being through
their importance to the many life dimensions that people con-
sider when assessing their well-being. For example, ecosys-
tem services contribute to meeting basic human needs such as
food and water security (Chaigneau et al. 2018), income and
income security (Bhattamishra and Barrett 2010), the creation
of safe and functional spaces in which to live (Summers et al.
2012), identity processes and the creation of meaningful
spaces and practices (Adams and Adger 2013; Fish et al.
2016), as well as more directly through biophilia and the psy-
chological benefits of proximity to nature (e.g. nature related-
ness; Nisbet et al. 2011).

There is evidence on elements of subjective well-being in
low-income settings (e.g. Camfield and Esposito 2014), on
safety net and other social functions of ecosystem service-
based livelihoods (Fisher et al. 2014) and on the importance
of land ownership and access in mediating the poverty-
ecosystem service relationship (Hicks and Cinner 2014;
Fedele et al. 2017). The contribution of this research is at the
intersection of these issues: a new quantitative assessment of
the relationship of ecosystem service-related income, material
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poverty and subjective well-being, controlling for known me-
diating factors. Ecosystem services are operationalised
through natural resource—dependent livelihoods, drawing on
a standardised list of occupations used in Household Income
and Expenditure surveys in Bangladesh.

Access: ecosystem bundles and social mechanisms

Ecosystem services are not randomly distributed but are joint-
ly produced in bundles depending on the character of the
ecosystem (Raudsepp-Hearne et al. 2010; Martin-Lopez
et al. 2012). Bundles of ecosystem services form social-
ecological systems as they are partially the result of human
activities to mediate environmental variability and manage
availability (Janssen et al. 2007). The bundles cannot be de-
fined without accounting for the social system that exists to
control access and extract benefit from ecosystem processes,
dictating the rules of access to resources (Walker et al. 2004).
The links between values attached to particular landscapes and
livelihood systems (e.g. Fagerholm et al. 2016), and the con-
tribution of cultural ecosystem services enjoyed at the land-
scape scale to well-being (e.g. Bryce et al. 2016), indicates
that there is merit in a social-ecological approach to subjective
well-being. Here, we take the concept of bundles of ecosystem
services, combined with knowledge of resource-specific ac-
cess mechanisms to define social-ecological systems.
Research has focused on particular resources, yet livelihoods
are diverse across ecosystem services and different services
have different access mechanisms.

Access mechanisms

Even when an ecosystem service is available and present in
the system, this does not guarantee benefits for people. In low-
income, natural resource—dependent environments, various
access mechanisms limit certain households from using eco-
system services (Hicks and Cinner 2014; Fedele et al. 2017)
and a range of social processes attenuate or reinforce the ben-
efits from ecosystem services. Social relations, through a mor-
al economy of hierarchical structures, reciprocity and compli-
ance with informal rules, allow those without formal property
rights to ecosystem services to gain access (Wood 2003). Not
all ecosystem services are available all year round, but there
are seasonal cycles in the availability of certain species and in
agricultural calendar (Khandker 2012). Credit is an essential
means of accessing the capital required to access ecosystem
benefits and to smooth over seasonal shortages; however, it
often is obtained under exploitative conditions (Basu and
Wong 2015). Migration is used as a livelihood risk spreading
strategy to access alternative labour markets during seasonal
fluctuations, as a short-term coping mechanism against shocks
(Jiilich 2011) and to overcome chronic livelihood insecurity
(Islam and Herbeck 2013). Finally, benefits from ecosystems
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accrue up the supply chain such that those involved with direct
collection can benefit least from those resources (Islam 2010).

Ganges-Meghna-Brahmaputra delta in Bangladesh

The research took place in the south and south-west
coastal zone of Bangladesh. Delta ecosystems play a
major role in agricultural production and food security
in their regions and are sites of land use change and
conflict. Deltas are highly exposed to coastal flooding
and salinity intrusion (Giosan et al. 2014) and vulnera-
ble to climate and human-driven environmental change
(Renaud et al. 2013; Tessler et al. 2015). Yet, they are
also attractive places for human habitation due to fertile
soils, flat topography and strategic locations on the
coast. Deltas are often identified as unique social-
ecological systems separate from other coastal areas be-
cause of their low-lying topography, high population
density, fertile soils, and high levels of exposure to ex-
treme weather, sea-level rise and infrastructural interven-
tions such as upstream damming, coastal embankments
and aquifer depletion (e.g. Brondizio et al. 2016).

However, due to their dynamic biophysical nature, deltas
are also themselves composed of multiple social-ecological
systems (Barbier et al. 2011). Here, we employ the
categorisation of social-ecological systems detailed in
Adams et al. (2016a, 2018b) to incorporate social-ecological
systems into our analysis. Their definition is based on differ-
ences in bundles of ecosystem services, levels of access, the
social mechanisms used to access ecosystem services, envi-
ronmental degradation caused by exploiting those services
and the levels of livelihood diversification across seasons
and between livelihood types. Rain-fed agriculture dominates
spatially, but other key systems are, irrigated agriculture,
freshwater prawn aquaculture, saltwater shrimp aquaculture,
eroding islands (char lands), Sundarban mangrove forest and
offshore fisheries.

Bangladesh has relatively positive health outcomes,
high relative literacy and has reduced mortality from
natural hazards despite very low average incomes, per-
sistent poverty and exposure to natural hazards
(Chowdhury et al. 2013). However, studies in
Bangladesh show low levels of reported life satisfaction
and low positive affect (Asadullah and Chaudhury 2012;
Mahmud and Sawada 2018). Yet, the nation has always
been associated with happiness levels higher than the
material conditions of its population may suggest.
While the poor adapt their life expectations to the real-
ity they face (e.g. Clark 2012), this apparent contradic-
tion may also reflect that the Bangladeshi poor prioritise
a range of life domains beyond income (Camfield et al.
2010).

Methods
Operationalizing social-ecological systems

The study focuses on the Khulna and Barisal Division in
Bangladesh (Fig. 1a). This area is dominated by four land
cover types: rice agriculture, aquaculture, rivers and wetlands
and mangrove forest. We define seven social-ecological sys-
tems within the study area (Fig. 1b) based on the dominant
livelihood regime and following the approach of Adams et al.
(2016a). Four of the systems correspond with a dominant land
cover type (aquaculture and agriculture); the remaining three
correspond to proximity to an open access or common pool
resource (the ocean or the Sundarbans forest). The Charlands
represent the presence of a geographical feature within the
area, that is to say, rapidly eroding and accreting riverbanks.

These social-ecological systems were identified through 75
qualitative interviews that took place in the field area between
September 2012 and June 2013. Interviews were carried out
with a range of inhabitants of the field area in diverse liveli-
hoods, living in different ecological zones and under a range
of material conditions. The questions focused on the relation-
ship between ecosystem services and well-being. To access
the original interview transcripts and supporting documenta-
tion, please visit Adams et al. (2016¢). For further details on
the systems and their specific characteristics, please see
Adams et al. (2018Db)).

The seven systems were assigned to administrative sub-
units (unions; the smallest administrative unit) using satellite
imagery and geographical information system techniques.
Rice agriculture and aquaculture systems could be directly
assigned based on a minimum land coverage per union
(80%). Riverine, marine and Sundarbans systems were
assigned based on contiguous boundaries with the associated
feature. Calculations and data used to generate sampling frame
can be accessed at Adams et al. (2016b).

Survey design

We collected data from 1586 households in 63 villages
(households per village ranged from 21 to 27) in the
coastal region of Khulna and Barisal Division in
February 2014. We carried out multi-stage sampling that
involved using seven social-ecological systems (described
above) as the super-strata, with unions, villages and
households as the subsequent strata. The sampled house-
holds are spread evenly between each social-ecological
system to ensure representation from important, but less
spatially dominant, systems. Systematic random sampling
was used to select unions and villages, and a segment of
households was listed in each village to randomly select
households. The main earner of the household (whether
male or female) completed the questionnaire. They were
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Fig.1 a Landsat satellite land
cover image for the field area.
(SES social-ecological system). b
SES assigned to administrative
regions (unions). Unions outlined
in bold indicate survey locations

; A
40 km
[ District Landuse or SES [ Mixed agriculture & Wl Other agriculture land Bl Urban settlement
| Union B Saltwater shrimp aquaculture " River/Canal 9 Waterbody
.| Sundarban Mangrove Bl Irrigated agriculture Il Mangrove Rural settlement B \Waterlogged
Forest B Freshwater prawn 8 Mudfiat Sand Bar

[ District © Waterbody SES [0 Irrigated agriculture Il Sundarban dependent
[ Union [" Sundarban Mangrove 7 Rain-fed agriculture [ Freshwater prawn zone
[ Survey locations ~ Forest B Saltwater prawn B Marine periphery

20 Riverine

not necessarily the person the members of the household  questionnaire instrument and supporting documentation,
defined as the head (e.g. an older relative no longer work- ~ please see Adams et al. (2016b).

ing). The sampling protocol is fully described in Adams The research protocol was reviewed and approved by the
et al. (2016a). For access to the original dataset, = Research Review Committee and the Ethical Review
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Committee at the International Centre for Diarrhoeal Disease
Research, Bangladesh. This organisation managed survey im-
plementation. Furthermore, in order for the research to be
approved by the Ethical Review Committee, all named re-
searchers on the research protocol completed National
Institutes of Health online training and ethical approval was
obtained from the University of Southampton (as the lead
institution of the research consortium in the UK) and the pro-
gramme secretariat (Ecosystem Services for Poverty
Alleviation Directorate).

Variables
Material poverty

Following the approach of the World Bank, material poverty
exists when the measure of a household’s material well-being
is below a culturally calibrated poverty line. The material pov-
erty line is set at the average cost of the food required to meet
the nutritional requirements of a household, plus non-food
requirements of a household close to the poverty line. The
cost of the food and non-food items is calibrated to local prices
and combined. Thus, two poverty lines are produced: an upper
poverty line if household can afford the food and non-food
items and a lower poverty where the household can afford the
food items only. This is the approach taken by the Bangladesh
Bureau of Statistics when measuring poverty through the
Household Income and Expenditure Survey (Bangladesh
Bureau of Statistics (BBS) 2012). The recommended calorific
intake in Bangladesh is 2122 kcal. We calculated the cost of
the food required to meet this value using a 10-item food
basket used by the Bangladesh Household Income and
Expenditure Survey.

The food basket contained rice, wheat, pulse, vegetables
(aubergine, green banana, green papaya, spinach), potato,
fruits (ripe banana, mango), beef, buffalo, small fish and milk.
Based on this food basket, the estimated cost for a household
of four (the average household size in Bangladesh) to meet
their daily calorific requirements is 207 Taka, including an
equivalence scale where a child’s requirements are calculated
as 75% of an adult. Thus, for an average household, if daily
expenditure on food items is below 207 Taka, the household is
considered poor. In this analysis, the calculation was weighted
by household size.

Reported life satisfaction

A poverty line based on cost of basic needs was used because
this is the norm in Bangladesh. In order to create a comparable
threshold for reported life satisfaction, we drew on the Gallup
( 2019) category of ‘Struggling’. Reported life satisfaction
was measured using a 10-point global satisfaction with life
scale. Following the approach of the Gallup World Poll,

household heads were asked to rank their satisfaction with life
at the present moment and their expected satisfaction 5 years
into the future. To create a subjective well-being headcount
ratio, a poverty line was created when people reported current
and future expected satisfaction with life as <4, which corre-
sponds to the category of Struggling.

Economic dependence on ecosystem services

Economic dependence on ecosystem services is the propor-
tion of total household income derived from provisioning and
supporting ecosystem services. The proportion of income
from ecosystem services is a standard method of measuring
ecosystem service dependence (Yang et al. 2013), also used in
the context of understanding migration from environmentally
degrading regions (Ruitenbeek 1996) and household capacity
to adapt to climate change (Vincent 2007). The term depen-
dence is used to represent use or reliance on ecosystem ser-
vices for income, not to suggest that households have lost
agency and ecosystem services are a last resort.

The dependence measure was based on the sum of income
during the 4-month recall period from agriculture, aquacul-
ture, fishing, forest collection, livestock and poultry, home-
stead or farm forestry and traditional occupations involving
use of primary products (furniture making from bamboo or
wood, for example) as a proportion of all household income
(see Table 1 in Electronic Supplementary Material). In addi-
tion, we subtracted debt repayments and added any income
from remittances in the overall calculation. The recall period
was based on the length of a season in Bangladesh. Note that a
Pearson correlation analysis of our measure of ecosystem ser-
vice dependence and total income revealed that the two were
not correlated (» = 0.03009), confirming that the former covar-
iate is not serving as a proxy for total income. Subsistence is
included if the interviewee incorporated it into their self-
assessment of income; however, the self-assessment did not
specifically ask about food as gift/assistance and as such this
may have been omitted. We created a categorical variable for
the dependence to take into account the fact that those with
zero or 100% contribution of ecosystem services could be
both poor and well-off, as outlined above, as well as to inves-
tigate proportions in between these extremes. Thus, four cat-
egories were created: 0%, 1-49%, 50-99% and 100%.

Social mechanisms

We examined five enablers and barriers to poverty alleviation,
namely land ownership, sharecropping, possession of a loan,
receiving remittances and experience of an environmental or
social shock. Households were classified into three categories
of land ownership: functionally landless (< 0.2 acres), small
landowners (0.2-2.5 acres) and larger landowners (> 2.5
acres). If the household had taken land to sharecrop in the past
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4 months, it was classed as a sharecropping household. Since
prevalence of households that had taken land in this way was
low, we did not further subdivide the variable into area of land.
There was no significant correlation between land ownership
and use of sharecropping. Households were classified as
possessing a loan or not. Note that absolute value of debt
ascribable to each household could not be included as a co-
variate because these values were also included in the material
poverty calculation.

Given that prevalence of households with a migrant send-
ing remittances was low, remittances were treated as a dichot-
omous variable in the model (receiving remittances or not)
and not further subdivided into value or frequency. If the
household currently had a household member outside of the
village who was sending remittances, or if in the past 4 months
(the recall period of the survey), someone from the household
had migrated and remitted (but now returned) the household
was classed as a remittance household.

We elicited whether households had experienced a shock in
the past 4 months, distinguishing between shocks with an
environmental root and those with a personal or social root.
The questionnaire asked: “Has any member of the household
faced any of the following situations during the past four
months?” and listed various shocks present in the area.
Environmental shocks listed included drought, floods, cy-
clones, river erosion, waterlogging, crop disease, increase in
price of agricultural inputs or decrease in price of agricultural
produce. Social or household shocks listed included: job loss,
accident or illness of main earner, accident or illness of other
household members, death of household members, conflict
with neighbours, theft of assets and labour strikes.

Demographics

Demographic characteristics examined included gender, edu-
cation, household size and household dependency ratio. Note
that in the model assessing reported life satisfaction, house-
hold wealth was controlled for through adding an asset index
as a covariate. The asset index was derived through principal
component analysis using the methodology described in
Filmer and Pritchett (2001). It was then categorised into
wealth quintiles. Household dependency ratio was calculated
using the following equation: ((Py + P,) / P;) x 100, where Py
is the number of individuals in the household aged 0—14 years,
P, is the number of individuals in the household aged 15—
64 years, and P, is the number of individuals aged 65 years
or over.

Data analysis
To examine the relationship between ecosystem service de-

pendence and poverty, we employed logistic random intercept
models to account for the hierarchical structure of the data and
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potential unit dependence. With i denoting households and j
denoting villages, the equation for a two-level logistic multi-
level model with a random intercept fitted at the village level
is given as

. Tij
logit <1—7jr~> = B1xj + Boxij + ... + B,x;

y

where 3y, is the random intercept at village, 3,x; is the logit
coefficient at level of households, and u; is the variance of the
random intercept fitted at village level. u; follows a normal
distribution with a mean of zero and variance equal to 0?2 .

Model selection was determined as follows. First, bi-
variate analysis between the outcome variables and in-
dividual covariates were conducted before single-level
logistic models were fitted to explore which covariates
were statistically significantly associated with material
poverty and reported life satisfaction, respectively.
Caterpillar plots were used to assess the variation of
residuals at the village level (Supplementary figures 1
and 2). In the logistic random intercept models, Wald
tests were used to assess the statistical significance of
random parameter variance and fixed effect coefficients.
The aim of the modelling process was to retain the
most parsimonious models assessed by goodness of fit
statistics. As a result, covariates that were not signifi-
cant were excluded from the final models. Since resid-
uals at the village levels follow a normal distribution,
linearity, constant variance and unit independence as-
sumptions were explored through plots. The results are
presented in Supplementary figures 3 and 4. All analy-
ses were conducted in Stata.

Results

Our results suggest that economic dependence on ecosystem
services is significantly associated with material poverty and
reported life satisfaction. In general, a greater contribution of
ecosystem service-related income to the livelihood mix is re-
lated to a decreased likelihood of material poverty, the rela-
tionship with reported life satisfaction is present but weaker.
Further, we found that both material poverty and reported
life satisfaction were predicted by covariates related to demo-
graphics and environmental shocks, but the magnitude and
direction of the effect differs by poverty dimension. The social
mechanisms (enablers and barriers to poverty alleviation)
were not significantly related to poverty outcomes in the mod-
el for either dimension of poverty apart from remittances.
However, the type of social-ecological system people resided
in was significantly associated with reported life satisfaction.
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Ecosystem service dependence and social-ecological
system

Material poverty

Our results suggest that the likelihood of being under the pov-
erty line decreases with increasing economic dependence on
ecosystem services. Compared with a household with no con-
tribution of ecosystem service-based livelihoods to its income,
a household with up to half of its income from ecosystem
service-based livelihoods was 33% less likely to be materially
poor; a houschold with over 50% but less than 100% of its
income from ecosystem service-based livelihoods was 37%
less likely to be materially poor; and a household with 100%
of its income from ecosystem service-based livelihoods was
40% less likely to be materially poor. There was no significant
relationship between social-ecological system and material
poverty in the model (see Table 1 and Fig. 2).

Low reported life satisfaction

Our results suggest that the likelihood of reporting low life
satisfaction decreases with increasing economic dependence
on ecosystem services, controlling for material wealth.
Compared with a household with no contribution of ecosys-
tem service-based livelihoods to its income, a household with
up to half of its income from ecosystem service-based liveli-
hoods was 43% less likely to report low life satisfaction and a
household with over half but less than 100% of its income
from ecosystem service-based livelihoods was 38% less likely
to report low life satisfaction. There was no significant rela-
tionship between low reported life satisfaction and 100% of a
household’s income originating from ecosystem service-based
livelihoods (see Table 1 and Fig. 3).

In contrast to material poverty, the social-ecological system
in which the household was situated is significantly associated
with reporting low life satisfaction. That is to say, people are
more satisfied in some social-ecological systems than others.
We used the saltwater shrimp category as our reference cate-
gory because it is the most altered and degraded of the social-
ecological systems. The likelihood of reporting low life satis-
faction was lower in all other systems compared with this one.
The likelihood of being satisfied is highest in the riverine
(91% less likely to report low life satisfaction) and marine
(82% less likely) systems and lowest in freshwater prawn
(44% less likely) and forest periphery (53% less likely) sys-
tems compared with the saltwater shrimp system. The likeli-
hood of reporting low life satisfaction compared with living in
the saltwater shrimp system fell somewhere between for the
agricultural systems (irrigated 74% less likely; rainfed 71%
less likely). Thus, our results show the importance of the con-
dition of the social-ecological system in which a person lives
for generating life satisfaction.

Demographics

Both material poverty and reported life satisfaction were sig-
nificantly related to demographic characteristics (Table 1).
The influence of education was consistent across both poverty
dimensions, with the probability of being materially poor or
dissatisfied with life being significantly less likely if the re-
spondent had secondary school education. Household size and
dependency ratio showed no significant relationship with re-
ported life satisfaction but were significantly and positively
related to material poverty; for example, households with five
or more members are just under three times as likely to be
materially poor than households with fewer than five mem-
bers. Gender is not significantly related to either dimension of
poverty. Material wealth (included as a control in the life sat-
isfaction model to isolate the effect of economic dependence
on ecosystem services) is significantly related to life satisfac-
tion, with the model suggesting an 81% decrease in the odds
of’being subjectively poor if a household was in the top wealth
quintile compared with being in the bottom wealth quintile.
Thus, our results support the importance of material condi-
tions for generating life satisfaction (see Table 1 and Figs. 2
and 3).

Social mechanisms mediating access to ecosystem
services

Of the social mechanisms that limit access included in the
model (namely land ownership, sharecropping, possession
of a loan, receiving remittances and experience of an en-
vironmental or social shock) only land ownership,
experiencing an environmental shock and remittances
showed a significant relationship with the poverty vari-
ables. Compared with being landless or functionally land-
less, owning some land decreased the probability of ma-
terial poverty by 54% and significant landholdings de-
creased the probability of material poverty by 81%.
Experience of an environmental shock in the previous
4 months reduced the chances of a household experienc-
ing material poverty by 25% compared with a household
that had not experienced a shock.

Neither of these relationships was significant for re-
ported life satisfaction. However, a household that re-
ceived remittances was 48% less likely to report low
life satisfaction than one without them (see Table 1
and Figs. 2 and 3). Thus, our results support the impor-
tance of landholdings for keeping people above the pov-
erty line, that better-off households potentially have
more to lose in absolute terms in extreme events (al-
though less in relative terms) and that having a family
member working in an alternative labour market has the
potential to increase life satisfaction.
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Table 1  Odds ratios describing the relationship of material poverty and
reported life satisfaction with economic ecosystem service dependence,
social-ecological system and various household-scale covariates (except

education, which was for the household head). Gender and experience of
a household shock (e.g. job loss or illness of a main income earner) were
not significantly related to either material poverty or low life satisfaction

Poverty dimension

Covariate/parameter Material poverty Low life satisfaction
Intercept 1.003 7.625
Economic ecosystem service (ES) dependence Income % from ecosystem services
0% 1.000 1.000
1-49% 0.668%* 0.566%*
50-99% 0.627%* 0.616*
100% 0.596* 0.692
Social-ecological system (SES) Saltwater shrimp ns 1.000
Mangrove forest periphery ns 0.469%*
Riverine ns 0.086%**
Rain-fed agriculture ns 0.290%**
Freshwater prawn ns 0.357%*
Irrigated agriculture ns 0.262%**
ES dependence x SES Marine periphery ns 0.180%**
Demographics
Education No education 1.000 1.000
Primary school 0.956 0.773
Secondary school 0.468*** 0.395%:
Household size <4 members 1.000 ns
5+ members 2.826%**
Household dependence ratio 0-25% 1.000
Dependency ratio 0-25% 1.000 ns
26-50% 1.038
51-75% 0.984
76-100% 1.723%*
100+% 1.166
Enablers and barriers to poverty alleviation
Wealth Poorest na 1.000
Poor 0.520%**
Medium
Richer 0.308%**
Richest 0.225%*%*
0.094 %33
Land ownership No land/homestead only 1.000 ns
Small land owner 0.456%#%*
Medium/large land owner 0.187***
Environmental shock No shock experienced 1.000 ns
Shock experienced 0.745%
Remittances No contribution ns 1.000
Some contribution 0.524%**
Random effects
Random intercept Variance 0.300 0.279
Standard error 0.095 0.109

Note that the landholder categories were merged for the subjective poverty model

ns non-significant, na not applicable
*p<0.05; **p <0.01; ***p <0.001
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Fig. 2 Odds ratios for material
poverty against the reference
category (1 on the x-axis). The
likelihood of being under the
poverty line decreases with
increasing economic dependence
on ecosystem services. ES
ecosystem services, HH

Ecosystem services in income mix
0°% § :

100% from ES

Education

Secondary

Household size

1-4 HH members
household 5+ HH members .
Dependency ratio
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Discussion poverty analysis by social-ecological system to show how

In this paper, we investigated how different contributions of
ecosystem services to the livelihood mix are associated with
well-being. We examined two aspects of well-being: material
poverty (based on ability to meet cost of basic needs) and
reported life satisfaction (current and future reported life sat-
isfaction of household head below 4 on a 10-point scale) in the
south-west coastal zone of Bangladesh. We controlled for
availability of different bundles of ecosystem services by strat-
ifying by social-ecological system and included social mech-
anisms that determine access and spread risk. The research
represents a novel contribution to poverty research in three
ways: accounting for nature’s contribution to income in tradi-
tional poverty accounting, creating a subjective well-being
comparator to head count poverty ratios and stratifying

Fig. 3 Odds ratios for low life
satisfaction against the reference
category (1 on the x-axis). The
likelihood of reporting low life
satisfaction decreases with
increasing economic dependence

well-being varies spatially in diverse environments.

Do natural resources cause poverty or does poverty
cause reliance on ecosystem services?

Our results show that households with no contribution of eco-
system services to their household livelihood mix are more
likely to be both poor and have a household head who is
dissatisfied with life. A larger proportion of ecosystem
serviced-based livelihoods in the livelihood mix further re-
duce the likelihood of poverty compared with no contribution
of ecosystem services. Thus, the results support those that
show well-being in natural resource-dependent communities
relates to access to natural resources (e.g. Hicks and Cinner
2014).The relationship holds for reported life satisfaction of
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the household head. However, we were not able to investigate
intra-household differences in reported life satisfaction.

Thus, while household diversification is a key coping
strategy in times of a stress, especially in agricultural
low seasons (Ellis 1998), our results show that those
who are unable to maintain or gain access to
ecosystem-based livelihoods suffer, regardless of diver-
sification into off-farm income sources. Thus, they high-
light the limits to diversification when there is a lack of
sophisticated off-farm jobs, as is the case in Bangladesh
(Rahman et al. 2013) and support research that shows
the success of livelihood diversification as a strategy
depends on the initial assets and capabilities of the
household (Goulden et al. 2013). Households registering
as having little or no income from ecosystem services
could also represent a farmer not having yet harvested.
Thus, the results may reflect the lack of diversification
of farmers and/or ability to save or transfer credit order
to smooth income over time (Khandker 2012).
Diversification through migration to alternative labour
markets is also not used in a detectable way to sustain
rural lifestyles, contrasting with findings in other remote
rural settings (e.g. Nepal; see Blaikie et al. 2002). The
results also reflect the crucial role of land ownership in
providing basic levels of security. In Bangladesh, land is
historically unevenly distributed (Paprocki 2015), and
ownership has been further concentrated as families sell
land as a coping strategy during times of crisis.

The relationship between our covariates and material
and subjective well-being sometimes ran counter to
established knowledge on the causes of poverty. For
example, idiosyncratic (e.g. death or illness of a main
income earner) and covariate (e.g. widespread flooding)
shocks are known reasons for households to fall into
poverty; indeed, this has been shown in Bangladesh
(Rahman et al. 2013). Yet, our results show no associ-
ation between material poverty and reporting experience
of social/economic shocks in the previous 4 months.
Further, reporting experience of an environmental shock
in the previous 4 months decreases the odds of material
poverty. Explanations could lie in the fact that people
who are more likely to be impacted by environmental
shocks such as floods or droughts are those with higher
access to, and/or ownership of, ecosystem services (e.g.
land). Those with more assets, while more able to cope,
are more exposed and lose more in absolute terms.
Further, this result could be a result of aggregating re-
sponses over the 4-month recall period, such that in-
come shocks had already been smoothed over.
Furthermore, we are measuring income not assets, and
poverty may be reflected in another dimension of
wealth such as assets (Sultana and Rayhan 2012).
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Well-being from ecosystem services
in environmentally degraded social-ecological
systems

Bangladesh has suffered loss of ecosystem services as a result
of the intensive monoculture agriculture and aquaculture
(Houssain et al. 2016). Not all social-ecological systems on
the delta are equally degraded with agriculture and aquacul-
ture operating at different degrees of intensity and exclusion of
other services (Adams et al. 2018a; Zhang et al. 2015). For
example, unlike in saltwater shrimp systems, freshwater
prawn systems are able to co-exist with agriculture, cattle
and home gardens.

Our results show that the negative relationship between
percentage ecosystem service-related livelihoods and material
poverty does not vary with social-ecological system, control-
ling for material wealth and differences in access mechanisms;
the benefits of agricultural intensification have not advantaged
one system over the other, despite environmental degradation.
However, there are differences in absolute levels of reported
life satisfaction between social-ecological system. The proba-
bility of being dissatisfied is lower in all other social-
ecological systems compared with the saltwater shrimp
social-ecological system, with the probability of dissatisfac-
tion lowest in the riverine social-ecological system.
Dissatisfaction was most likely in the most environmentally
degraded, but economically important, social-ecological sys-
tem; saltwater shrimp represented 81% of the total export
value in Bangladesh in 2012/2013 (Rashid et al. 2019).

Saltwater shrimp aquaculture has degraded diverse eco-
systems, undermining subsistence farming and food secu-
rity (Paprocki and Cons 2014) and generating environ-
mental issues (Afroz and Alam 2013) that could cause
low reported life satisfaction through various mecha-
nisms. Higher perception of environmental change has
been linked with lower levels of subjective well-being
(Alfonso et al. 2017) caused by biophilia and nature con-
nectedness (Nisbet et al. 2011). Perception of environ-
mental degradation was tested as a variable in the model
but was not found to be significant. The change in land
use has altered the moral economy of the region: absentee
landlords that would have traditionally provided security
to the poorest are absent (Ito 2002) and a decrease in
agricultural jobs has dispaced local residents (Paprocki
and Cons 2014). Low levels of life satisfaction could also
be associated with a change in the landscape impacting
meaningful activities and spaces (Fish et al. 2016) eroding
the cultural, landscape and identity values of the environ-
ment. Cultural ecosystem services are not items in the
environment, but represent symbolic or aesthetic meaning
(Kirchhoff 2012) ascribed to physical elements of the en-
vironment. They are often more associated with landscape
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values, or practices and interactions that take place within
environments (Tengberg et al. 2012; Fish et al. 2016).

The probability of low reported life satisfaction is lowest in
the riverine social-ecological system. This could be explained
by assigning adaptable characteristics to a population that has
been forced to cope with very dynamic geomorphology
(Sarker et al. 2003) through high levels of social capital
(Lein 2009). However, in general, the lives of char dwellers
in the riverine system are characterised by extreme precarity in
land tenure, often living on government (khas) land, with few
livelihood assets and a high dependence on money lenders
(Paul and Islam 2015) as they are constantly displaced by
erosion. Further, the geographic remoteness of char areas
leads to a lack of engagement with local government services
and a lack of knowledge of rights (Paul and Islam 2015).
Thus, high subjective well-being may be the result of a mar-
ginal existence causing lack of awareness of a deficit in ser-
vices and rights.

Our results are relevant to ongoing work that links environ-
mental sustainability to human health in a more a holistic
manner—such as the ‘One Health’ framework that draws to-
gether individual, population and ecosystem health (Lerner
and Berg 2015), since we show the association between eco-
system health and subjective well-being. Our results also
speak to the concept of Nature’s Contribution to People,
which has emerged from the Intergovernmental Science-
Policy Platform on Biodiversity and Ecosystem Services
(IPBES) Global Assessment on Biodiversity and Ecosystem
Services (Diaz et al. 2018). This concept focuses on cultural
and local understandings of ecosystem services; our results are
relevant since we demonstrate the importance of different
social-ecological systems (landscapes) to life satisfaction,
where we observed no differences in material conditions,
and as such show the importance of nature’s non-material
contributions to people.

Conclusion

This study investigates associations between ecosystem ser-
vices and poverty alleviation in a diverse deltaic environment,
highly degraded by intensive agriculture and aquaculture.
This area in Bangladesh is dominated by monoculture cash
crops, historical unequal land distribution (Paprocki 2015)
and high-end off-farm livelihood opportunities are few
(Rahman et al. 2013). By explicitly incorporating provision-
ing ecosystem services into our analysis of poverty, and cre-
ating subjective well-being comparators to standard
headcount poverty ratios, we have highlighted the importance
of nature for diverse well-being outcomes of those living in
the delta coast of Bangladesh.

Trade-offs over space, time and beneficiaries are inherent
in ecosystems (Rodriguez et al. 2006; Daw et al. 2011,

Hossain et al. 2016), and others have highlighted the tension
between poverty reduction at the national level through
export-oriented production, and environmental and social sus-
tainability at the local level (Hossain et al. 2016; Paprocki and
Cons 2014). Here, we highlight the negative implications of
over-exploitation of ecosystem services for subjective well-
being. While development of the aquaculture sector has been
found to modestly increase the material well-being of those in
the lowest wealth quintile, and as such can be considered pro-
poor (Rashid et al. 2019), these benefits are difficult to ascribe
to those directly affected by the negative environmental and
social impacts of the shrimp aquaculture. Our results show
that the residents of the area do not consider themselves to
be living well, demonstrating a trade-off between national
development strategies represented by shrimp export and the
life satisfaction of those most affected.
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