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Abstract
Coastal regions are most susceptible to the effects of climate change. To increase infrastructure-resilience of such regions, 
reduce livelihood-vulnerability of people living in such regions and equip them with appropriate livelihood strategies, govern-
ments have invested heavily in coastal infrastructure such as polders. This research is focused on the polders of Bangladesh. 
The effectiveness of Bangladesh’s polders is disputed. No large-scale, evaluative, quantitative analysis of polders has yet 
been conducted. There is also only a limited number of evaluative studies on the factors which affect livelihood strategies, 
livelihood-vulnerability or infrastructure-resilience in polders. Therefore, the research question guiding this research is: 
What factors affect livelihood strategies, infrastructure-resilience, and livelihood-vulnerability in the polders of Bangladesh? 
These questions are answered by drawing on propositions from the Sustainable Livelihood Approach (SLA) using statistical 
analysis of a dataset of 137 polders. This dataset has been created from 76 survey-based interviews, secondary research and 
geo-spatial analysis. It is hypothesized that under different contextual settings, different combinations of livelihood resource 
endowments, lead to different combinations of livelihood strategies. These combinations of livelihood strategies lead to dif-
ferent outcomes after being moderated by different institutional, and political settings, under different contextual settings. 
This research demonstrates that various kinds of conflict-related and rule-making variables affect sustainability outcomes. 
Relationships proposed by the SLA are statistically significant and are generalizable across a large number of heterogeneous 
sites. Geological, geomorphological, climatic and hydrological conditions also affect livelihood decisions of polder-residents 
and also affect the condition of polder-infrastructure.

Keywords Institutions · Conflict · Vulnerability · Resilience · Polder · Sustainable livelihood approach

Introduction

The effects of climate change are being felt across the world 
(Cheung et al. 2009). Coastal regions are most susceptible to 
its effects. However, such regions are also densely populated 
and are an important source of livelihood for the local popu-
lace. Therefore, it is necessary to analyze the factors which 
affect the livelihood strategies adopted by local communities 
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in coastal regions. In addition, it is also necessary to analyze 
if such strategies and other factors are affecting the vulner-
ability of people whose livelihood depends on the services 
provided by the world’s coastal regions (Renaud et al. 2013).

To reduce the livelihood-vulnerability of people living 
in such regions, to equip them with appropriate livelihood 
strategies and to manage land–water dynamics along the 
coastal belt, governments have invested heavily in coastal 
infrastructure such as dykes, embankments, polders (defined 
in Section “Conceptualizing polders”) and other polder-
like-structures. Such infrastructure must be resilient to (e.g. 
climate-change related) shocks, to continue to protect the 
inhabitants of coastal regions (Renaud et al. 2013).

The first polders and polder-like-structures originated in 
the Netherlands in the 11th century. Over the years, other 
countries too have constructed such structures across their 
coastal regions: Bangladesh, China and India in Asia; Egypt 
& Morocco in Africa, Belgium & Denmark in Europe; USA 
in North America; and, Argentina and Venezuela in South 
America (Inniss and Simcock 2016).

In line with such concerns, this research is focused on 
the polders of Bangladesh. This is because Bangladesh is 
amongst the top six countries most affected by extreme 
weather events (Kreft et al. 2016). For decades it has been 
plagued by sea-level rise, increasing tidal surges, salt-water 
intrusion into its downstream riverine system, depleting 
water levels in its upstream riverine system, coastal flood-
ing, land erosion as-well-as land subsidence, increased 
incidences of a wide range of extreme events ranging from 
droughts to cyclones, increasingly erratic precipitation, 
increasing temperatures, depleting water levels and arse-
nic contamination (Alam et al. 2017; GED, 2017; Adnan 
et al. 2019). The coastal belt of Bangladesh is more prone 
to extreme weather events as compared to the rest of the 
country (GED 2017).

The coastal belt of Bangladesh is characterized by more 
than 140 polders which have been constructed since the late-
1960s to protect the region from flooding, tidal surges and 
water-level rise (Alam et al. 2017). Bangladesh invests less 
than 2% of its GDP in infrastructure development (WB 2015; 
GED 2017). Not-surprisingly, Bangladesh was ranked 127th 
globally in ‘quality of infrastructure’ by the World Economic 
Forum in its global competitiveness report of 2014–2015 
(WB 2015). Therefore, the effectiveness of Bangladesh’s 
polders is increasingly disputed and the resilience of such 
infrastructure needs to be studied in greater detail. Auerbach 
et al. (2015) have argued that hydrological structures (dykes, 
sluicegates, etc.) associated with these polders are unreli-
able. They are subject to erosion and sometimes get breached 
during extreme weather events (Adnan et al. 2019).

Polderization of the coastal belt in Bangladesh has had 
profound effects on the livelihood strategies of the local 

populace. While the amount of land used for agriculture 
has decreased, the amount of land used for aquaculture has 
increased (Akber et al. 2018). While contributing to the 
economic development of the region, these changes may 
have also led to increasing poverty levels, thus affecting 
livelihood-vulnerability in the coastal belt of Bangladesh 
(Mukhopadhyay et al. 2018).

In line with such concerns, the research question guid-
ing this research is: what factors affect livelihood strategies, 
infrastructure-resilience, and livelihood-vulnerability in 
the polders of Bangladesh? The objective of this research 
is to increase our understanding of how livelihood resource 
endowments, physiographic variables, hydrological vari-
ables, institutional variables, political variables, and con-
textual variables affect livelihood strategies, infrastructure-
resilience, and livelihood-vulnerability in the polders of 
Bangladesh. These questions are answered using statistical 
analysis of a dataset of 137 polders in Bangladesh.

Literature review and theoretical approach

Conceptualizing polders

A polder can be conceptualized as a piece of land sur-
rounded by embankments (Segeren 1982; Ishtiaque et al. 
2017). The embankment separates this piece of land from 
the surrounding hydrological regime. In polders, embank-
ments protect the enclosed land from flooding. Sluicegates 
are used to control the flow of water between the polder and 
the surrounding hydrological regime. Canals convey water to 
and from the embankment into various sections of the polder 
(Segeren 1982; Ishtiaque et al. 2017). As most polders are 
inhabited and are characterized by a wide range of livelihood 
strategies, they can be theoretically conceptualized as a cou-
pled socio-hydrological system (Di Baldassarre et al. 2013).

The academic disciplines of hydrology and society have 
traditionally been studied as separate entities. Research in 
hydrology has often assumed that human agency is exoge-
nous to hydrological or societal change. Similarly, the social 
sciences have ignored the bi-directional nature of the inter-
action between societal and hydrological systems (Pande and 
Sivapalan 2017). However, in a polder, interactions between 
the social system and the hydrological system are bi-direc-
tional. For instance, when an embankment is breached by 
an extreme event, saline water may flood agricultural lands 
within the polder, and disrupt the traditional ways of life for 
the local populace, and increase poverty levels. In contrast, 
the local populace may deliberately breach their embank-
ment because they may feel that the flow of saline water 
may increase the aquaculture potential of the region, which 
in turn may lead to the economic development of the area. 
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In other words, a change in the hydrological system brought 
about either by the associated social system or the hydro-
logical system itself affects the livelihood-vulnerability and 
infrastructure-resilience of the region.

Livelihood‑vulnerability 
and infrastructure‑resilience

The literature on vulnerability and resilience is characterized 
by conceptual fuzziness over whether they can be theoreti-
cally distinguished from each other (Gallopın 2006). The 
literature of resilience and the literature on vulnerability are 
both concerned with understanding how systems respond to 
stresses and disturbances. Both literatures also acknowledge 
the role of institutions in ‘buffering’ shocks (Nelson et al. 
2007; Miller et al. 2010).

However, based on a comprehensive survey of such lit-
erature, Miller et al. (2010) argued resilience and vulner-
ability are ‘related yet different’ (Turner 2010). Resilience 
analyzes the effect of socio-ecological, biophysical, geo-
physical, ecological and engineering factors (and processes) 
on systemic change. In contrast, vulnerability analyzes the 
effect of socio-political and socio-economic factors (and 
processes) on systemic change (Nelson et al. 2007; Miller 
et al. 2010). Since this article is interested in the resilience 
of socio-hydrological structures such as polders (and associ-
ated infrastructures such as dykes, embankments and sluice-
gates), this article is narrowly focused on the concept of 
infrastructure-resilience. Therefore, as argued by Brand and 

Jax (2007), McDaniels et al. (2008), Cutter et al. (2008) and 
Chang (2014), this article defines infrastructure-resilience 
as the ability of infrastructure in a system to consistently 
remain in a stable state or return to a stable state by with-
standing, absorbing or adjusting to shocks and disturbances.

This article is interested in the vulnerability of social sys-
tems associated with hydrological structures such as polders. 
In these polders livelihood strategies of the local populace 
are actively defined by their interactions with polders and 
associated hydrological structures. Therefore, this article is 
narrowly focused on the concept of livelihood-vulnerabil-
ity. As argued by Adger (2006) and Hahn et al. (2009), this 
article conceives livelihood-vulnerability as a measure of 
how secure the current livelihood strategies of the desig-
nated community are when exposed to various shocks and 
disturbances, as-well-as the capacity of the community to 
adapt their livelihood strategies in response to such shocks 
and disturbances.

Studying livelihood‑vulnerability 
and infrastructure‑resilience in polders using 
the Sustainable Livelihood Approach

This article draws on the Sustainable Livelihood Approach 
(henceforth referred to as SLA) to identify the factors 
which affect livelihood strategies, livelihood-vulnerability 
and infrastructure-resilience in polders. This is because, 
as discussed later, SLA is a useful tool for analyzing how 
structure (societal or hydrological) interacts with the human 

Fig. 1  Variables provided by the Sustainable Livelihood Approach Adapted from Scoones (2015)
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agency to affect systemic outcomes (Scoones 1998, 2015). 
It can be used to study how climate change affects the liveli-
hood strategies of people living in a polder and how such 
strategies shapes the vulnerability of this population or the 
resilience of the polder infrastructure (Mersha and van Laer-
hoven 2016).

The SLA emerged in a working paper by Chambers and 
Conway (1992). In the decades thereafter, a wide variety of 
empirical work based on this approach was conducted to 
understand how communities adapt their livelihood strate-
gies in the face of various shocks and disturbances. This 
characteristic of the SLA makes it useful for analyzing how 
variables from both the social as-well-as the natural sciences 
are associated with livelihood-vulnerability, infrastructure-
resilience or adaptive capacity of a coupled system (Mersha 
and van Laerhoven 2016). Figure 1 Illustrates the variables 
associated with the SLA (Scoones 1998, 2015). Appen-
dix 1 of the Supplementary File lists the definitions of these 
variables.

According to Scoones (1998, 2015), this framework of 
variables has been designed to serve as a ‘diagrammatic 
checklist’ of how various societal as-well-as contextual 
(hydrological, geographical, ecological, etc.) variables inter-
act with each other. The approach can be applied across a 
wide range of scales—ranging from the individual-level 
to more aggregated regional-levels. The starting point of 
analysis within the approach is the identification of different 
kinds of resources available for use by the local populace. 
The framework identifies four main types of resources: natu-
ral, economic, social and human. However, other kinds of 

capital (such as physical capital) can also be included for 
analysis. The local population use varied combinations of 
such resources to develop various kinds of livelihood strat-
egies (such as agricultural intensification/extensification, 
livelihood diversification or migration). This capability 
of people to successfully use diverse resources to develop 
diverse livelihood strategies may explain differences in the 
livelihood-vulnerability and infrastructure-resilience of the 
system they are a part of (Morse and McNamara 2013a). 
Such livelihood strategies when mediated by various insti-
tutional (rules, norms, customs, property tenure, markets, 
etc.) variables, in different contexts (hydrological, geograph-
ical, ecological, etc.), produce different kinds of outcomes 
(Scoones 1998, 2015). Two broad categories of outcomes 
are possible in the SLA: (a) livelihood-related—i.e. variation 
in livelihood strategies, variation in poverty-levels etc. and, 
(b) sustainability-related—i.e. variation in livelihood-vul-
nerability, infrastructure-resilience or adaptability, etc. The 
relationship between resources, livelihood strategies, con-
textual variables and sustainability-related outcomes such 
vulnerability & resilience is mediated by institutional and 
political variables (Scoones 1998; McLennan and Garvin 
2012; Morse and McNamara 2013b; Scoones 2015).

However, the SLA has its critiques: namely, (a) the 
political dimensions of human interactions (power, conflict, 
decision-making, etc.) have not been adequately captured 
in the approach (Allison and Horemans 2006; Moser 2008; 
Scoones 2015); (b) institutional variables have also not 
been fully integrated into it (de Haan and Zoomers 2005; 
Scoones 2015). In response to such critiques regarding the 

Fig. 2  Theoretical model
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underdeveloped attention of SLA to the political and insti-
tutional dimension of human interactions, this article draws 
upon social-scientific empirical work (Naz and Buisson 
2015; Ishtiaque et al. 2017) on polders to identify institu-
tional and political variables which may affect outcome vari-
ables such as resilience and vulnerability in polders.

Research methodology

Operationalizing variables and hypothesis

The theoretical model guiding this research, as outlined in 
Fig. 2, has been derived from the Sustainable Livelihood 
Approach (Scoones 1998, 2015). As outlined by the research 
question in the Introduction section, there are two dependent 
variables: (a) Infrastructure-resilience, and (b) Livelihood-
vulnerability. A wide range of independent variables are 
hypothesized to affect these dependent variables: Liveli-
hood strategies, Livelihood resource endowments, Institu-
tional variables, Political variables, and various Contextual 
variables (Socio-economic, Hydrological, Ecological, Geo-
graphic, Geomorphic, etc.). See Table 1 for more details on 
these variables. It is hypothesized that these independent 
variables affect the two dependent variables in a 2-staged 
manner:

(a) Under different contextual settings, different combina-
tions of livelihood resource endowments, lead to dif-
ferent combinations of livelihood strategies (Eq. 1);

(b) These combinations of livelihood strategies, lead to 
different outcomes after being moderated by different 
institutional, and political settings, under different con-
textual settings (Eqs. 2a & 2b)

where p is the  probability (Infrastructure-resilience varies 
between 0 and 1)

(1)

Livelihood Strategies = �1 × Livelihood Resource Endowments

+ �2 × Contextual Variables + constant

(2a)

logit (p) = �1 × Livelihood Strategies + �2 × Institutional Variables

+ �3 × Power, Conflict and other Political Variables + �4

× Contextual Variables + constant

(2b)

logit (p) = �1 × Livelihood Strategies + �2 × Institutional Variables

+ �3 × Power, Conflict and other Political Variables + �d

× Contextual Variables + constant

where p is the probability (Livelihood-vulnerability varies 
between 0 and 1)

Study site

The coastal belt of Bangladesh has more than 140 polders 
(Map 1). The dataset used for this article analyzes infor-
mation on 137 polders under the administrative control of 
Bangladesh Water Development Board (BWDB), a public 
agency responsible for the administration of surface-water 
and ground-water resources in Bangladesh. Data-availability 
issues prevented the authors from collecting information on 
the rest of the polders.

Research design

Scoones (2015) argues that a wide range of research meth-
ods (quantitative, qualitative, deliberative and participatory) 
can be used to study the relationships encapsulated in the 
SLA. These relationships are ‘linear in style’ and have been 
formulated in a ‘mechanical cause-effect’ manner (Morse 
and McNamara 2013b). However, most studies using this 
approach have been qualitative in nature. Scoones (2015) 
therefore calls for more quantitative studies using this 
approach to statistically evaluate whether the relationships 
proposed by the approach hold across larger data-sets. In 
addition, Scoones (1998) argues that such relationships can 
be best tested by combining ‘survey tools’ with other quali-
tative and quantitative instruments for data collection and 
analysis. Therefore, survey-based interviews, secondary data 
collection and GIS (& spatial) tools are used for data collec-
tion and processing. This article then uses multiple regres-
sion techniques on generalized linear models to evaluate the 
relationships proposed by the SLA for analyzing the factors 
which affect livelihood-vulnerability and infrastructure-
resilience of polders.

This article is the first-ever attempt at using regression 
techniques for analyzing broad & generalizable findings 
about the various factors which affect resilience and vulnera-
bility in polders. A detailed review of the literature using the 
string “polders regression OR statistics” on Google Scholar 
& Scopus reveals that no such large-scale, cross-sectional, 
quantitative analysis of polders has yet been conducted—
neither for Bangladesh nor globally.

Data collection and processing

Three kinds of data collection and data processing tech-
niques have been used in this article: surveys, secondary 
research and GIS (& spatial) analysis. Data was collected 
for only those variables identified by the theoretical 
model outlined earlier. The data collection process was 
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geared towards developing a large-N, cross-sectional 
dataset with each row in the dataset representing one 
of the polders. Therefore, first, indicators were devel-
oped for each variable in the theoretical model. Second, 
extensive secondary research was conducted to determine 
whether open-source or proprietary databases exist for 
measuring each indicator. Third, open-source, secondary 
data (including maps) was collected, wherever it was pos-
sible; and, proprietary databases (including maps) were 
procured, wherever available. Fourth, a detailed survey 
questionnaire was developed for the primary collection 
of data. Fifth, primary data was collected. 76 BWDB 
officials responsible for administering the 137 polders 
were surveyed using the survey instrument over a 4 month 
period, between Sep-2018 and Dec-2018. The surveys 
were then triangulated to obtain aggregate scores for each 
polder. GIS (& spatial) analysis was conducted in parallel, 
to extract numerical information (for statistical analysis) 
from the maps. Sixth, the large-N, dataset was developed 
by combining the primary and secondary data. Seventh, 
statistical analysis was conducted on this dataset.

Appendix 2 of the Supplementary File contains the 
following additional details on the data collection process 
used for this research:

(a) List of secondary data (including maps) used for pre-
paring the large-N dataset.

(b) Process followed for developing and testing the ques-
tionnaire.

(c) Questionnaire used for the surveys.
(d) Process followed for conducting the surveys.
(e) Profile of survey respondents.
(f) Triangulation.

Data analysis

The level of analysis is a geo-political region (coastal belt of 
Bangladesh). The unit of analysis is a polder. The dependent 
variables and the independent variables used in regression 
analysis are derived from the equations outlined in Fig. 2 and 
are defined below in Table 1.

The dependent variable for Eq. 1 is ordered and ranked. It 
takes 12 values. Since the number of values that the depend-
ent variable takes is greater than 5, ordinary multiple regres-
sion using OLS assumptions were used for analysis in Stata. 
The model was tested for model specification error, linear-
ity errors, multi-collinearity, homoscedasticity of residuals, 
and normality of residuals. The model demonstrated no such 
error, after correcting for unusual and influential data.

The dependent variables for Eqs. 2a and 2b are also 
ordered and ranked. These dependent variables take 5 val-
ues. Therefore, proportional odds ordered logistic regression 
techniques were used for testing these equations in Stata Ta
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(Burnham and Ma 2017). 4 different models were tested 
for Eq. 2a. 2 different models were tested for Eq. 2b. This 
is because different groups of independent variables affect 
the two dependent variables under different circumstances. 
The models were tested for model specification error, 
multicollinearity and whether the models met the propor-
tional odds assumption. These errors were not detected in 
the tested models. 7 different models were developed and 
tested because different combinations of independent vari-
ables affect the dependent variables in different ways. These 
results are summarized and discussed in the next section.

Findings

Table 2 summarizes the findings of regression analysis. 
Summary statistics on all the variables and the results of 
the regression analysis (according to model) are detailed 
in Appendix 3 of the Supplementary File. In general, these 
findings highlight 6 major points.

It appears that the type of livelihood strategies (self-
employment vs. migration or agriculture vs. non-agriculture) 
adopted by polder-residents affects both the resilience of 

polder-infrastructure and the vulnerability of polder-resi-
dents (Models 2 and 3 in Table 2). Agriculture has histori-
cally been the dominant source of livelihood in most polders. 
In polders where agriculture is sufficient to meet the day-to-
day requirements of residents and migration levels are low, 
residents are less vulnerable to the effects of extreme events 
and other shocks. Social capital is high. When faced with 
sudden shocks and disturbances, residents self-organize and 
perform stop-gap infrastructural maintenance-activities on 
their own, in the absence of immediate action by public offi-
cials. On the long term, they can also effectively pressurize 
public officials to invest in more intensive, large-scale infra-
structure-maintenance activities. In other words, the infra-
structure is more resilient in such polders. However, if agri-
culture becomes less viable because of various demographic, 
socio-economic and climatic reasons, outward migration 
increases. Residents are forced to seek other forms of liveli-
hood (shrimp-farming, brick-making, etc.). However, these 
forms of livelihood are viable only in those areas which are 
more difficult to live as they are characterized by higher 
levels of salinity and are more prone to natural disasters. 
Residents come under the influence of unscrupulous, rent-
seeking employers. Social capital gets reduced. Vulnerability 

Map 1  Geographical spread of the polders of Bangladesh. Adapted from Google Maps (2019) and BWDB (2012c)
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levels increase and residents become less capable to adapt to 
natural disasters. In such polders, there is a perverse incen-
tive to weaken the embankments (so that saline water can be 
introduced into the lands to encourage shrimp-farming) or, 
to carry out sand-mining for brick factories. Infrastructure-
resilience in such polders is thus low.

The portfolio of livelihood strategies adopted by polder 
residents appears to be affected by the portfolio of liveli-
hood resource endowments that polder-residents have access 
to. Three kinds of livelihood resource endowments (natural 
capital, financial capital, and social capital) are considered 
in this article. All the three kinds of capital affect livelihood 
strategies. As proposed by the SLA, the resource-base that 
residents have access to, affects their livelihood strategies. 
Access to financial capital may enable residents to adopt 

financially-intensive forms of livelihood options (such as 
purchasing motor-bikes for providing transportation ser-
vices). Access to natural capital may enable residents to 
adopt forms of livelihood which are more dependent on 
land-based resources (such as agriculture). Access to social 
capital may enable residents to pursue livelihood strategies 
which require more coordinated action (Scoones 1998) or 
may enable residents to access other kinds of resources in 
times of emergencies (such as short-term loans for buying 
farm equipment.).

Table 2  Summary of findings

Equation 1

Livelihood Strategies
Type of Variable Variable Name Model 1 Model 2 Model 4 Model 5 Model 6 Model 3 Model 7

-0.3646***
(0.0890)

0.2190**
(0.0819)

-0.1919*
(0.0855)

**6692.2-***8431.3-***0600.4-***3458.2-***1119.3-*1522.0-
)2378.0()5737.0()7227.0()1556.0()2547.0()7980.0(

1.6375** 0.9937* 1.6096*** 1.2612* 2.4978*** 2.0097***
(0.5066) (0.483) (0.4884) (0.5568) (0.549) (0.5587)

*6627.1*2736.1**0283.2
)5868.0()4367.0()8887.0(

-0.3451***
(0.0721)

***6255.1-***0452.1-
)0893.0()2463.0(

-1.7265*** -1.5892***
(0.3657) (0.387)

-0.7292* -0.7333*
(0.3511) (0.3621)

*7483.1*5134.1
)0596.0()695.0(

9924.1-8513.1-**4982.2-
)5867.0()0997.0()8607.0(

1.4996**
(0.5567)

Dependent variables
Equation 2

Independent variables b2noitauqEa2noitauqE
ytilibarenluV-doohileviLecneiliseR-erutcurtsarfnI

Portfolio of Livelihood 
Resource Endowments

Natural Capital

Financial Capital

Social Capital

Physiographic Physiographic Region

Hydrological

Type of Dyke

Embankment Breach

Unplanned Inlets

Institutional Variables
Community Rule

Seasonal Rule

Political Variables

Conflict Cause

Conflict Groups

Conflict resolution

Conflict Mediation

Livelihood Strategies
Type of Variable Variable Name Model 1 Model 2 Model 4 Model 5 Model 6 Model 3 Model 7

4.4135**
(1.6369)

-2.6083***
(0.5490)

-2.0585**
(0.6647)

3.4793**
(1.2914)

0.2072
(0.1396)

-1.9149
(1.1308)

-1.2251
(0.7984)

125 133 136 133 120 136 136
R2 0.3975

LR chi2(6) =  69.19 LR chi2(4) = 40.09 LR chi2(5) = 55.79 LR chi2(5) = 53.44 LR chi2(5) = 54.79 LR chi2(7) = 59.91LR chi2

Contextual socio-
economic variables

Population Density

Toilet Access

Water Access

N

ytilibarenluV-doohileviLecneiliseR-erutcurtsarfnI

Rehab Cost

Interaction Terms

Livelihood Strategies * 
Seasonal Rule
Livelihood Strategies * 
Community Rule
Physiographic Region 
* Drainage 

p-values; * p <0.05, ** p <0.01, *** p < 0.001
standard error in parentheses

 The grey blocks in this table represent those relationships which were not tested. These relationships were not tested because of the manner in 
which the SLA argues about how these variables affect each other. For instance, the SLA argues that various forms of capital affect livelihood 
strategies. Livelihood strategies, in turn, affect vulnerability and resilience. See hypothesis (Section “Study site”) and Table 1
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It seems that the rule-making process used for manag-
ing polder infrastructure affects outcomes within a polder 
(Frey 2017). This article analyzes the rule-making process 
in two ways: a) whether polder-residents have a say in the 
rule-making process; and, b) whether seasonal rules1 are 
used for operating the sluicegates. Livelihood-vulnerability 
is lower and infrastructure-resilience is higher in polders 
when polder-residents have a say in the rule-making process. 
If residents have no say in the operation of the sluicegates, 
they have no control over how water flows in and out of 
the sluicegates. Increasing salinity levels in a polder often 
increase vulnerability levels and if residents have no control 
over the flow of saline-water into their lands, their vulner-
ability increases. In addition, if residents have no say in the 
rule-making process, in the face of shocks or disturbances, 
their ability to undertake quick, adaptive infrastructure-
protection activities gets hampered. Therefore, livelihood-
vulnerability is higher and infrastructure-resilience is lower 
in polders when polder-residents have no say in the rule-
making process. Livelihood-vulnerability of residents is not 
affected by whether seasonal rules are used for operating 
the sluicegates in polders. This is probably because liveli-
hood vulnerability is not seasonal but is more dependent on 
aggregate salinity levels in the polder. For instance, daily 
tidal surges bring saline-water into the polders, and if the 
operation of sluicegates is not timed with the tidal surges, 
saline-water continues to enter the polders, irrespective 
of whether seasonal rules control the operation of sluice-
gates. Infrastructure-resilience is, however, affected by the 
seasonal rules used for operating sluicegates. This is prob-
ably because the infrastructure in a polder, especially the 
embankments, is subject to erosion and damage every year 
due to floods during the monsoon season. Having seasonal 
rules controlling the flow of water during the flood season 
probably reduces damages to the infrastructure, thus increas-
ing its resilience.

Conflict is an essential component of decision-making 
processes (van Laerhoven and Andersson 2013; Frey 2017). 
Therefore, it is not surprising that in our study a range of 
conflict-related variables (each capturing a different sub-
dimension of conflict) appear to affect outcomes in polders: 
(a) types of groups involved in conflict; (b) types of strate-
gies adopted to resolve conflict; and (c) whether third-party 
mediation is required for the conflict resolution. As the num-
ber of groups involved in conflict increases, livelihood-vul-
nerability increases and infrastructure-resilience decreases. 
This is probably because the intensity of conflict increases 
as the number of groups increases. When the intensity of 

conflict is low, polder-residents use a wide range of strate-
gies (collaboration, competition, compromise, accommoda-
tion, and avoidance) to resolve the conflict (Thomas 1992). 
Polder-residents seek to resolve the conflict locally, without 
third-party mediation (van Laerhoven and Andersson 2013). 
As the intensity of conflict increases, residents gradually 
seek to accommodate the demands of their opponents; when 
this strategy fails, they seek compromise. However, as the 
intensity of conflict continues to increase, residents finally 
run of strategies to resolve conflict and seek third-party 
mediation.

Hydrological variables (type of embankment and 
unplanned inlets) also seem to have an effect on polder out-
comes. Sea-facing embankments are less resilient and are 
associated with higher levels of livelihood-vulnerability as 
compared to embankments located farther away from the 
sea. This is because the effects of man-made climate change, 
tidal surges, increase in salinity, flooding and erosion are 
greater in polders located nearer the sea (BWDB 2012c). 
The number of unplanned inlets in a polder has a statistically 
significant relationship with the type of livelihood strategies 
practiced in polders (see Model 1 in Table 2). Typically, a 
higher number of unplanned inlets are observed in polders 
in which a significant chunk of resources is dedicated to 
shrimp-farming. This is because unplanned inlets are created 
to increase the flow of saline water into polders. Increasing 
salinity benefits shrimp farming. Therefore, polders in which 
residents are more dependent on services-oriented livelihood 
strategies have a lower number of unplanned inlets as com-
pared to polders associated with aquaculture. Other hydro-
logical variables are mainly used as controls. The effect of 
these variables on outcome variables is either minimal or 
statistically insignificant. The cost of rehabilitating polders 
is another variable used as a control variable. Similarly, a 
number of contextual socio-economic variables are also used 
as controls. The effect of these contextual variables on out-
come variables is statistically insignificant, in most of the 
tested models.

The polders under consideration are heterogeneous in 
nature. They are spread across a wide landscape and vary in 
terms of geological, geomorphological, climatic and hydro-
logical conditions. To account for such heterogeneity, Bram-
mer (2012) mapped the coastal belt of Bangladesh into a 
wide range of physiographic regions. In this article, these 
physiographic regions are used for controlling heterogene-
ity in polders during regression analysis. Nonetheless, the 
physiographic regions in which the polders are located bear 
a statistically significant relationship with the livelihood-
vulnerability and infrastructure-resilience of polders.

1 Such as: in certain polders, all sluicegates are closed during the 
monsoon period, so that sea-water does not enter the polders; in other 
polders, fresh-water is not allowed to leave the polder during the 
months of December and January.
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Discussion and conclusion

These results have two kinds of implications: (a) theoretical 
implications for the SLA; and, (b) empirical implications 
for livelihood-vulnerability and infrastructure-resilience in 
polders. In terms of theoretical implications, two broad con-
clusions can be drawn. Scoones (2015) had called for more 
quantitative studies using the SLA to statistically evaluate 
whether the relationships proposed by the approach hold 
across larger data-sets. This research upholds such theoreti-
cal relationships. The relationships proposed by the SLA 
are statistically significant and are generalizable across a 
large number of heterogeneous sites. While Scoones (1998, 
2015) has argued that institutional and political variables 
affect livelihood and sustainability outcomes, other scholars 
(Allison and Horemans 2006; Moser 2008; de Haan and 
Zoomers 2005) have argued that the political dimensions 
of human interactions (conflict, rule-making, etc.) have not 
been adequately captured in the SLA. This research demon-
strates that various kinds of conflict-related and rule-making 
variables do affect sustainability outcomes. Empirically, this 
research throws light on the various factors which affect the 
resilience of polder-infrastructure and the vulnerability of 
polder-residents.

As discussed in the Introduction, Bangladesh is not the 
only country which has polders along its coastal belt. Pol-
der-like structures have been constructed across the world. 
However, no comprehensive, large-scale study has yet been 
conducted on the effect such structures have on livelihood 
and sustainability outcomes. Drawing on a data-set of pol-
ders from Bangladesh, this article has analyzed how various 
institutional, political, socio-economic and physiographic 
factors affect outcomes in polders. The theoretical proposi-
tions tested in this article are drawn from the Sustainable 
Livelihood Approach (SLA). These propositions have been 
qualitatively derived from studies conducted across the 
world. Therefore, the findings of this article should also be 
generalizable for polder-like structures across the world—
with a few caveats: socio-economic and political condi-
tions vary dramatically at the macro-level, from country to 
country. A global study of polders needs to control for such 
variation. Feedback effects need to be considered. The SLA 
suggests that outcome variables also effect contextual and 
independent variables, via feedback loops. However, for the 
sake of simplicity, such feedback effects have been ignored 
in this article. Due to the paucity of data, the effect of fac-
tors like drainage congestion could not be considered. Ana-
lyzing the effect of such factors will throw additional light 
on the pros and cons of polderization. Additional research 
also needs to be conducted for identifying those variables 
which differentially affect livelihood vulnerability but not 
infrastructure resilience (and vice versa) and for identifying 

and explaining interrelationships between such variables. In 
addition, future research needs to identify contextual socio-
economic variables which affect livelihood strategies, infra-
structure resilience and livelihood vulnerability in polders.

A few practical lessons can be drawn from this study. The 
resource-base (natural, social and financial) affects liveli-
hood strategies of polder residents. However, the construc-
tion of unplanned inlets often changes the resource-base. 
This can alter the livelihood choices available to residents 
with negative repercussions for livelihood vulnerability. In 
addition, the unplanned inlets often affect the resilience of 
polder-infrastructure negatively. The construction of these 
unplanned inlets often take place with the active cognizance 
of public officials. Therefore, the role of public officials in 
the construction of the unplanned inlets needs to be looked 
into. The polders of Bangladesh are highly contentious. A 
wide range of interest groups are active. The goals and moti-
vations of these groups vary widely. Wide power imbalances 
exist. Therefore, when conflicts take place, the most-vulner-
able residents often are not able to use appropriate conflict 
resolution strategies to ensure that the conflict ends in their 
favor. Third-party mediation often becomes necessary to 
ensure that conflict resolution results in equitable solution.

Therefore, to conclude this article, in addition to socio-
economic and political conditions prevalent in polders (as 
hypothesized by the SLA), geological, geomorphological, 
climatic and hydrological conditions also affect the live-
lihood decisions of polder-residents and also affect the 
condition of the polder-infrastructure. In other words, con-
text matters (Frey 2017). Panaceas do not always succeed 
(Ostrom et al. 2007).
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