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Determinants of climate change adaptation strategies in the coastal zone of Bangladesh:

Implications for adaptation to climate change in developing countries

Abstract

Considering the growing threats of climate change, in addition to mitigation strategies, it is highly and equally
critical to understand the socio-economic determinants of climate adaptation in order to develop climate adaptation
policies. This study makes a first attempt to explore the determinants of adaptation to climate change and choices of
adaptation strategies at a larger spatial scale of the south-west coastal areas in Bangladesh, which is one of the most
climate-vulnerable regions in the world. We employ both qualitative and quantitative approaches in order to examine
farmers’ perception of climate risks and determinants and choices of adaptation strategies to climate change in six
coastal districts of Bangladesh. Farmers are adapting to these situations using their knowledge and experience. The
study reveals that a number of adaptation strategies have been taken to reduce the negative impacts of climate change.
These adaptation strategies are categorized into four groups: crop management, water management, land management,
and income diversification. Availability of inputs, high production cost, agricultural extension service, and proper
adaptation knowledge and experiences were noted as the main non-climatic challenges, as well as different climatic
factors in agricultural adaptation strategies. Statistical analysis indicates that the different socio-economic
determinants of farmers significantly influence their choices of adaptation to climate change. Farmers adopt these
adaptations mostly autonomously rather than on the advice of government. This study could be useful for developing

national adaptation policies in Bangladesh and other similar developing countries.
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1. Introduction

Global climate change and anthropogenic greenhouse gas (GHG) emissions, which thrust climate
shifts, are increasing the vulnerability of agricultural production systems (Sloat et al. 2020).
Climate change has become an apparent challenge for humanity and goes beyond the rise in global
temperature (Xie et al. 2015). Increased temperature extremes affect agriculture productivity and
increase the risk to global food security (Tai et al. 2014). The global temperature is predicted to
increase by an average of 1.8°C to 4°C by 2100 due to worldwide climate change (IPCC 2013).
Agriculture and livelihoods are highly affected in many developing countries due to their lower
adaptive capacity and exposure to frequent adverse climate change-induced events (e.g., floods,
cyclones, droughts, pest attack, and plant disease) (Adger et al. 2003; Hoque et al. 2019), which is
particularly the case of Bangladesh (GCRI 2020; Szabo et al., 2018). The coastal areas of these
developing countries are the most vulnerable to climate change and are already experiencing
devastating impacts on livelihood (IPCC 2014); such coastal regions are home to two-thirds of the
world’s population (UN 2017). This large part of the coastal population is likely to experience an
increase in adverse societal impacts (IPCC 2014), and the ability to provide ecosystem services
for human wellbeing will be compromised in future due to climate change (MEA 2005).
Bangladesh is one of the most climate-vulnerable countries in the world, due to its
geographical location, topography, socio-economic conditions, and dependency on agriculture
(GCRI 2020; Thomas et al. 2013; Maplecroft 2010). Though Bangladesh is historically vulnerable
to natural hazards such as flood, cyclone (Dastagir 2015), climate change not only have induced
and increased the severity of those risks but also affected social-ecological systems by inducing
changes in total rainfall, shifting rainfall seasons, increasing temperature and abrupt changes in
temperature, salinity increase due to sea level rise in Bangladesh (Hasan and Kumar 2020; Hossain
et al. 2016b, Hossain et al., 2014). In particular, the coastal zone of Bangladesh is possibly the
most climate-vulnerable region in the world (Hossain et al. 2017a). Studies have shown an increase
in temperature and rainfall in coastal Bangladesh (Hossain et al. 2014; Chen and Mueller 2018)
and extreme precipitation is predicted to be a common climate change-induced event in this region
(World Bank 2013). Climate change-induced events (e.g., droughts and sea level rise) are predicted

to intensify the indirect impacts (e.g., soil and water salinity) in this coastal region (Yeo. 2017).
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Despite the advancement of agricultural technologies, climate is still considered the key
factor that governs agricultural productivity (Wheeler and von Braun 2013). According to Nelson
et al. (2014), climate change impacts will decrease yields by around 17% in different regions of
the world; the decline in Bangladesh is estimated to be higher than the world average and could
reach 30% (Mondal 2010). Agriculture contributes about 19% of gross domestic product (GDP)
and employs approximately 48% of the labor force (Hossain et al. 2016a; MoA 2014), and crop
farming is the primary source of food for about 150 million people in Bangladesh (BBS 2015).
Agriculture is considered a vital livelihood (there are 40 million coastal farmers) in the coastal
regions, which cover around 30% of the country’s total cultivable land (BBS 2011). Islam et al.
(2010) have anticipated that if the temperature increases by 1-2°C, rice and wheat production will
decrease by 28% and 68% respectively. In addition, an increase of more than 3.5°C may cause
future societal collapse (Hossain et al. 2017b).

Adaptation has been recognized as a crucial response to climate change; even the
mitigation strategies have been designed to stabilize earth’s climate (IPCC 2001). In general,
climate change refers to the changes in the mean and/or variability of climate state and adaptation
refers to adjustment, moderation, or changes to social-economic and ecological systems in order
to avoid and recover from the adverse impacts of climate change and to glean benefits from it
(IPCC 2007). Adaptation to climate change has been part of the national development program
due to global initiatives such as the Intergovernmental Panel on Climate Change (IPCC) and the
United Nations Framework Convention on Climate Change (UNFCCC). Despite several initiatives
at global, national, and local levels, climate change impacts are unlikely to reduce in future (IPCC
2014). Therefore, we need to increase our efforts in adaptation to climate change, as it has the
potential to reduce the adverse impacts of climate change on society. However, it has been argued
that current knowledge of climate change adaptation is not sufficient for deliberate and rigorous
planning or an evaluation of the adaptations and policies of governments (IPCC 2001). In
particular, local level climate change adaptation is often ignored when developing national
adaptation policies, despite the fact that communities and individuals at local level are possibly
the first to respond to climate change through autonomous (spontaneous and triggered by
ecological changes), private (individual, household-level), and reactive (following the impacts of

climate change) adaptations, which influence the planned adaptation in combination with scientific
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discourses at global and national level. Adaptation is a complex process, and local people often
play a key role by trying to offset the negative impacts of climate change (Klein et al. 2007).

Local-scale studies have shown that farmers’ climate perceptions are mostly aligned with
scientific evidence and local climate change (Halder et al. 2012; Esham and Garforth 2013; Hasan
and Kumar 2019). In addition to understanding the climate change impacts, the perception of
farmers and locals is highly useful for climate change adaptation and planning (Deressa et al.
2011). Identifying and understanding the determinants of adaptation to climate change at local
scale by engaging farmers is absolutely imperative and will undoubtedly assist decision-makers in
understanding local climate issues and thus ensuring relevant policy interventions (Tesfahunegn
et al. 2016; Islam et al. 2020, Ur-Rahman et al. 2011).

Despite emphasizing the determinants of climate changes across the globe (Ojo and
Baiyegunhi 2020; Trinh et al. 2018; Bryan et al. 2013), previous studies have mainly focused on
trends in climate change (e.g. Hossain et al. 2014; Nissan et al. 2020), vulnerability and capacity
for adaptation to climate change (e.g. Delaporte and Maurel 2018; Hossain et al. 2015), climate
change adaptation knowledge and techniques (e.g. Moni and Hossain 2010; Abedin et al. 2019;
Kabir et al. 2018; Hossain et al. 2020), and importance of climate change perceptions (e.g. Hasan
and Kumar 2019; Uddin et al. 2017; Halder et al. 2012; Hossain and Roy 2012). Though some of
the studies have focused on the determinants of adaptation to climate change, their focus was
mostly the northern part of Bangladesh (Al-Amin et al. 2019; Alam 2015; Sarker et al. 2013); a
few studies have also focused on the Satkhira district (Uddin et al. 2014; Akter and Ahmed 2020)
of southern Bangladesh. However, none have studied the south-west coastal zone of Bangladesh
in larger spatial scales, even though this is one of the most climate-vulnerable regions in the world.
In addition, determinants for choices in adopting different adaptation strategies have not been
discussed in previous studies. To the best of our knowledge, our study is the first initiative to
examine the importance of the influence of socio-economic determinants on climate change
adaptation and choice of adaptation strategies on a larger spatial scale in the coastal areas of
Bangladesh.

Therefore, the objective of this study is to explore: 1) farmers’ perception and adaptation
to climate change and the way this perception coincides with observed climatic trends reported in

previous studies; 2) determinants for climate change adaptation strategies and choice of adaptation
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strategies; 3) challenges and opportunities in climate change adaptation; and 4) policy implications
for national adaptation plans in Bangladesh and other similar areas.

This paper comprises four sections. Section 2 details the selection of the study area and
methodology of the study. Section 3 sets out the results, in which the socio-economic
characteristics (3.1) and farmers’ perceptions of climate change (3.3) and adaptations are presented
(3.3), before discussing the determinants of adaptation strategies (3.4) and choices (3.5). The
discussion section (4) provides a summary of the results, challenges, and opportunities, before
setting out the policy implications of adaptation to climate change. The conclusions are presented

1n section 5.

2. Methodology

2.1 Study area

The study was conducted in six south-western coastal districts (Barisal, Bagerhat, Jashore,
Khulna, Patuakhali, and Satkhira) of Bangladesh (Figure 1). The total size of this region is about
25,000 km? (16% of the total land area of Bangladesh), with a total population of 14 million
(Hossain et al. 2020). The wide range of services provided by the regional ecosystem are worth an
estimated 1,300 million USD of gross domestic product (GDP) (BBS 2010). The hydrological
regime of the study area is governed by the interconnected channels and water courses that form
part of the Ganges-Brahmaputra delta.

The social-ecological systems of this region are severely exposed to climatic hazards due
to their geo-climatic condition (Brammer 2014; Hossain and Szabo 2017). About 85% of coastal
residents depend on agriculture, and 50% have less than 0.2 hectares of land (Abedin et al. 2012).
The south-western coastal zone is highly vulnerable to climate change, which has dominated over
all other environmental and man-made problems for the last few decades (Hossain et al. 2016b).
The social-ecological system of this region is under threat due to increasing temperature, changes
in rainfall, frequent tropical cyclone salinity rises (water and soil), and sea level rises (Thomas et
al. 2013). Though the whole coastal region is vulnerable to salinity (both soil and water) increase
(Hossain et al., 2015; Hossain et al., 2010), Rahman et al. (2013) and Akter et al. (2019)
categorized this study area based on level of salinity (i) high saline zone (Khulna, Bagerhat,

Satkhira and Jashore) and (ii) low saline zone (Patuakhali and Barisal). Due to its overexposure
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and vulnerability to climate change, it has been recognized as one of the most climate-vulnerable

areas in the world (Ahmed et al. 1998; Maplecroft 2010).

2.2 Data collection strategies

A combination of qualitative (e.g., focus group discussions) and quantitative (e.g., semi-
structured questionnaire surveys) methods have been used in this study in order to examine
farmers’ perceptions of climate change, current adaptation strategies, and the influence of factors
(e.g. socio-economic) on decision-making about adaptation to climate change and adaptation
strategies. The overall methodology of the study comprised five research steps: (1) understanding
farmers’ perceptions of climate change and the effects of climate change-induced events (e.g.
change of rainfall pattern)on the locality through semi-structured questionnaire surveys; (2)
identifying climate adaptation strategies through semi-structured questionnaire surveys and focus
group discussions (FGDs); (3) analyzing the influence of socio-economic determinants on
adaptation to climate change through the semi-structured questionnaire surveys; (4) using these
surveys to investigate the influence of socio-economic determinants on choice of adaptation
strategies; and (5) identifying the challenges and opportunities in climate change adaptation

strategies through the semi-structured questionnaire surveys.

2.2.1. Focus group discussions (FGDs)

At the initial stage, 12 FGDs were conducted in the study area (i.e., two FGDs per district).
Each of the FGDs consisted of 10-12 persons, mostly including farmers, NGO workers, local
schoolteachers, and agriculture officers. The FGD participants also included senior community
members, and experienced and educated farmers of a socio-economic background similar to that
of the survey participants from the study areas. Agricultural production and deviation over several
years, consecutive changes in yields due to change of climate and climate change-induced extreme
events over the previous 20 years and the seasonal crop calendar, and identification of existing

adaptation strategies in the area were discussed in the FGDs.

In this study, FGDs were conducted in order to identify existing climate change adaptation
strategies in the area and to describe these mechanisms on the basis of their current uses. Current
agricultural production scenarios were also discussed in order to understand the effect of climate

change-induced events on agriculture in the study area.
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2.2.2 Household surveys

We conducted household surveys in order to collect information on farmers’ perceptions
of climate change and its effects on agricultural production, their adaptation strategies, the reasons
behind adopting these strategies, and the challenges faced.

The surveys mostly targeted household heads, using semi-structured questionnaires.
Initially, six sub-districts (Upazilas) from six coastal districts were selected, taking into account
the government focus on the agricultural activities in these areas and the existing and potential
climate effects on agricultural production systems. After selecting the six climate-vulnerable and
agriculturally appropriate sub-districts, two villages within a union from each of the sub-districts
were purposively selected on the basis of the local agriculture office’s information about their
exclusive agriculture extension activities (e.g., crop diversification, rainwater harvesting, crop
rotations, and so on). The study determined the sample size using Kothari’s Formula (2014):

z%pgN
- e?(N —1) + z?pq

n

Here,
N= 38396 (total number of households in six unions)
Z?=1.96 (at 95% confidence level (Kothari 2004))
p= 0.5 (sample proportion)
q=0.5 (1-p)

e= 0.1 (10% margin of error, used in other studies i.e., Sattar et al. 2020)

Using the equation above equation, our estimated sample size was 97. We surveyed a total
of 120 households from the six districts, thus 20 households from each of the unions was randomly
chosen for this study (Supplementary Information (SI) Tab s1).

The questionnaire comprised questions on socio-economic status, perception of climate
change and its effects on agricultural production, agricultural adaptation strategies, and their
opportunities and challenges. In order to attain an overview of the study area, a reconnaissance

visit was conducted before the main visit so as to prepare objectives, identify problems, and
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prepare the questionnaire. In addition, information from the FGDs was used in the questionnaire
(e.g., farmers’ adaptation strategies), and both closed-ended and open-ended questions were
included. The closed-ended questions covered perceptions of climate change and its effects on
agricultural production, agricultural adaptation strategies and the reasons for adopting those
strategies. The open-ended questions, meanwhile, covered socio-economic status (education,
farming status, educational status, occupation, experience, income, expenditure, loan, land size
and asset), newly introduced crops, and the opportunities and challenges in adaptation strategies.

The questionnaire was pre-tested before the final household surveys were carried out.
2.3. Statistical analysis

Descriptive statistics such as tabulation, average, frequency, and percentage were used to
analyze socio-economic status, adaptation strategies, and adaptation challenges and opportunities.
A normality check of the categorical responses on climate change adaptation and adaptation
strategies was conducted. Due to the non-normal distribution of the data, a Pearson chi-square test
was used to assess whether there was a statistically significant relationship between socio-
economic status and the decision-making process of adaptation to climatic change, and the choice
of adaptation strategies. The Pearson chi-square test has been widely used in the field of climate
change adaptation to analyze the statistical association between variables (Islam and Paul 2018;
Prabhakar 2013; Limantol et al. 2016; Korir 2019; Maharjan et al. 2020). In this study, we used
the Pearson chi-square test to investigate the relationship between the socio-economic conditions
of the farmers and their choice of adaptation strategies (e.g., the ways that a farmer’s farming status
or education affected their introduction of new crops into the field or their rainwater harvesting).
3. Results
3.1. Socio-economic characteristics of the respondents

According to the questionnaire survey, half of the respondents (n=60, 50%) belonged to the
31-50 age group, with most (n=64, 53.33%) having farming experience of less than 21 years (Tab
s2). Farming was the primary occupation of about 63% (n=75), and half (n=61, 50.83%) were full-
time farmers. Among the respondents, 43.33% (n=52) were marginal farmers and 35% (n=42)
were small farmers (Tab s2). The average yearly income range of the respondents was BDT

(Bangladeshi taka) 102,733 + 39,595, and the monthly expenditure range was BDT 3,001 to 9,000
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(around 70%, n=84). Among the respondents, almost 37% (n=44) were under loans from banks,

NGOs, and local community-based organizations.

3.2.Farmers’ perceptions of climate change and associated effects on agriculture

The farmers who participated in this survey articulated their perception of climate change-
induced events and its effects on coastal agricultural systems in the study location. The survey
results showed that most of the farmers (n=74, 62%) were aware of the term “climate change”
because of the different levels of discussion they had held on the topic with NGOs and government
organizations. However, among the surveyed farmers, about 7% (n=8) identified deforestation as
the cause of climate change, while 3% (n=4) blamed industrialization; most farmers, however,
were unconscious of the real reasons for climate change. About 43% (n=51) of the interviewed
farmers claimed that they could predict climate change-induced events (e.g., flood, storm) before
they happened, using different natural signals (e.g., color and direction of clouds, tidal height,
movement of ants). According to the survey, farmers perceived that there had been an increase in
temperature (88%), total annual rainfall (67%), number of cyclones (79%), and frequency of storm
surges and floods (59%) over the previous 20 years (Table 1). Around 71%, 83%, 67% and 78%,
respectively, perceived that they could adapt to the changed temperature, rainfall, cyclones, and
storm surges and floods (Table 1). The study also found there was a contradictory perception
(increased=40%, decreased=43%) regarding the number of droughts over the previous two decades;
however, almost half of the respondents (51%) perceived an increasing temporal extent of
waterlogged situations over the same period (Table 1).

Our survey also investigated the perceived effects of climate change-induced events (i.e.,
temperature and rainfall change) on local agriculture. According to the survey, between 50% and
90% of respondents perceived an increase in crop yield (68%, n=81), weed infestation (67%,
n=80), pest infestation (88%, n=106), disease outbreak (78%, n=93), and pesticide use (91%,
n=109) in agriculture over the previous two decades due to temperature change (Table 2).
Moreover, more than half of the respondents perceived that change in temperature affected the
growing season of several crops (e.g., winter crops) and water availability during the drought
period (Table 2). A different percentage of respondents (around 50%) perceived positive effects
on crop yield and grain size and weight, while around 30% perceived negative effects on yield

(Table 3) due to change in total rainfall in the study area. However, agricultural production had

9
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increased during recent decades due to the use of High Yielding Varieties (HY'V), pesticides, and
fertilizers. The FGD resulted in a comparative study of the yield production of the previous 20
years (Tab s4).

3.3.Farmers’ perceptions of adaptation strategies

Our study shows that farmers used diverse strategies for successive adaptation to climate
change-induced extreme events. The study identified 26 existing adaptation strategies in different
seasons through the FGDs. We divided these adaptation strategies into four categories: crop
management; water management; land management; and income diversification (Table 4).

Our study shows that 72% (n=86) of the respondents introduced new crop varieties into
their fields as a mechanism for adapting to climate change-induced event (e.g., change in rainfall
pattern). Among these respondents, about 58% (n=70) cultivated crop varieties that needed less
water, 32% (n=38) used crop varieties that could tolerate high temperature; and 9% (n=11) used
crop varieties that were susceptible to higher salinity. Another mechanism involved altering the
planting and harvesting date of crops; about 74% (n=89) of the respondents practiced this
adaptation mechanism in their fields (Table 4). The majority of the respondents (72.5%, n=87)
also practiced homestead gardening for alternative food sources during climate change-induced
disaster periods. Most of the farmers (95.83%, n=115) had increased the amount of chemical
pesticide they were using, and about 83% (n=99) were using organic fertilizer on their land.
Supplementary irrigation, mainly from groundwater sources, is one of the most popular
mechanisms to cope with untimely and prolonged droughts, and 80% (#=96) of the respondents
were using this adaptation technique in their fields. Home poultry rearing (79%, n=95) and reduced
tillage or deep ploughing (73%, n=87) were among the other widely practiced climate change
adaptation mechanisms in the study area (Table 4).

About 63% (n=75) of the respondents were cultivating different types of cereal and
horticulture crops that were more adaptive to climate change, and about 63% (n=76) were
cultivating short duration crop species. Almost half of the respondents (50.83%, n=61) practiced
mixed cropping (e.g., rice-pulse, rice-turmeric, pulse-chilli, chilli-garlic-onion, sunflower-sesame-
pulse, maize and red amaranth, watermelon and garlic, or lentil and mustard) to enable the
supplementation (e.g., space, nutrients, water) and disease suppression of one crop with another

during different climate change-induced adverse events. Many farmers (58%, n=70)) were using

10
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Mucha (bamboo-made structures that stand above the ground) to grow vegetables (Table 4). Most
of the respondents (60%, n=72) had altered the times at which they used fertilizer, while about
57% (n=68) were using techniques (e.g., use of crop managers, guti urea) that increased the
efficiency of fertilizer.

Around 35% of the respondents were practicing crop rotation (e.g., rice and legume crops)
in their fields and planting different trees (e.g., mehegoni, rain trees) on the highlands. Other
techniques for climate change adaptations in the crop fields included integrated and local
knowledge-based pest management techniques and reducing the salinization of lands (e.g.,
controlling the entry of saline water by creating small earthen barriers and use of fertilizers).

Many of the farmers (around 41%, n=49) practiced water conservation techniques (e.g.,
storing rainwater for agricultural fields, re-excavating existing canals to store more water). Almost
half of the respondents (49%, n=59) practiced aquaculture. About 41% (n=49) of respondents used
soil conservation techniques such as making conservation tillage, and 8% (#=10) made use of
floating gardens in permanently or semi-permanently inundated lands (Table 4). Our study
examined adaptation strategies across two saline zones and found a reasonable differences of the
adoption of climate change adaptation strategies. In crop management measure category, change
in planting and harvesting date (79%), shortening growing season (73%), and introduction of new
crops (75%) adoption were higher in high saline zone compared to low saline zone. In water
management strategies category, increased use of supplementary irrigation (91%), in land
management strategies category, reduce tillage and deep ploughing (78%) were higher in high

saline zone compared to low saline zone.

3.4. Determinants influencing adaptation to climate change.

We investigated the determinants that influence the decision-making process in adaptations
to climate change and choice of adaptation strategies. In order to do this, we examined the
association between the socio-economic determinants, adaptation to climate change, and choice of

adaptations, using Pearson chi-square tests.
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3.4.1. Determinants of adaptation to climate change
Our study shows that farmers’ age (¥2=16.879, p=0.010), experience (¥2=10.728,

p=0.097), farming status (¥2=6.830, p=0.007), secondary occupation (¥2=16.022, p=0.025), farm
income (¥2=12.239, p=0.057), non-farm income (y2=15.024, p=0.020), and loan status (¥2=3.244,
p=0.072) had a strong association with climate change-induced disaster prediction (Table 5).
Meanwhile, adapting to climate change event i.e., change of temperature (¥2=22.785, p=0.030),
total rainfall (¥2=37.417, p=0.000), and rainfall pattern (y2=24.743, p=0.016) had a strong
association with farming experience. Monthly expenditure (}2=28.125, p=0.005) had a strong
relationship with adapting to changed rainfall pattern. Adapting to drought had a significant
relationship with educational status (¥2=20.508, p=0.025), primary occupation (¥2=20.626,
p=0.024), total expenditure (¥2=18.672, p=0.097), and assets (¥2=18.672, p=0.097), and non-farm
income (y2=22.326, p=0.034) was significantly associated with flood events in the coastal region

(Table 5).

3.4.2. Determinants of adaptation choices

The examination of the association between socio-economic determinants and adaptation
choices showed many strong and significant associations. We found a strong association between
the age of the respondents and certain adaptation strategies, including plantation in highlands
(x2=15.536, p=0.016), farming practice that minimized susceptibility of diseases and pests
(x2=12.124, p=0.059), and off-farm employment (}2=13.887, p=0.031) (Tab s6a and s6b).
Farming experience had a strong relationship with the following adaptation strategies: crops that
adapted to saline conditions (¥2= 11.658, p=0.070), shortening growing seasons (y2=11.077,
p=0.086), homestead gardening (¥2=12.630, p=0.049), and re-digging of canals (¥2=12.723,
p=0.048). Educational status had a significant association with changes in planting and harvesting
dates (¥2=9.747, p=0.083), enhancing the efficiency of fertilizer use (y2=14.741, p=0.012), taking
strategies to decrease the salinization of agricultural fields (y2=9.453, p=0.092), increased use of
supplementary irrigation (y2=13.786, p=0.017), and leased crop land (y2=10.751, p=0.057).
Meanwhile, the primary occupation of the respondents was significantly associated with
homestead gardening (¥2=12.286, p=0.031), increased use of supplementary irrigation (¥2=9.979,
p=0.076), floating gardens (¥2=14.065, p=0.015), and leased crop land (y2=15.008, p=0.010).
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The secondary occupation of the respondents was associated with off-farm employment
(x2=81.482, p=0.000) and saline-tolerant crop cultivation (¥2=18.259, p=0.011). The farm
(x2=17.606, p=0.007) and non-farm (¥2=68.081, p=0.000) income of the respondents had strong
associations with off-farm employment. The monthly expenditure of the respondents was
significantly associated with the use of organic fertilizer in their fields (x2=14.676, p=0.023). Loan
status was strongly associated with crop diversification (y2=4.632, p=0.031), introduction of new
crops (¥2=3.526, p=0.060), crop rotation (¥2=2.797, p=0.094) and reduced tillage and deep
ploughing (x2= 4.681, p=0.030). Respondents’ farmland ownership was significantly associated
with supplementary irrigation (}2=12.506, p=0.014), reduced tillage and deep ploughing
(%2=9.029, p=0.060) and leased crop land (32=22.949, p=0.000). Meanwhile, the amount of land
cultivated by the respondents had strong associations with use of organic fertilizers (32=6.470,

p=0.039) and enhancing the efficiency of fertilizer use (¥2=10.465, p=0.005).

4. Discussion
4.1. Adaptation to climate change

This study aimed to analyze for the first time, the influence of socio-economic determinants
on adaptation to climate change and the choice of adaptations strategies related to agriculture in a
larger spatial scale in south-west coastal area of Bangladesh. The findings suggest that farmers’
perception of the increasing trends in different climate change-induced events (e.g. temperature
change, rainfall pattern change, number of cyclones and storm surges, flood intensity) over the last
couple of decades in the coastal areas of Bangladesh align with the trends shown by analyzing
(both linear and nonlinear trend) meteorological data on smaller scales (e.g. Hossain and Roy
2012; Rakib and Anwar 2016), on larger scales (Hossain et al. 2016; Kabir et al. 2016) and in the
northern part of Bangladesh (Halder et al. 2012; Esham and Garforth 2013). However, the
perception of increasing temperature and change of rainfall pattern, and the increase in climate
changed induced drought are conflicting findings. This could be because changes in temperature
influence perceptions of climate change, and it is often challenging to find a logical direction for
changes in terms of farmers’ perception (Howe et al. 2012). In particular, the increase in
temperature (Shahid et al. 2012; Syed and Amin 2016) and decrease in rainfall in the pre-monsoon

and monsoon seasons (Syed and Amin 2016; Khan et al. 2017; Hossain et al. 2014), when
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agriculture production requires rain (Rafiuddin et al. 2009), are a possible explanation for the
conflicting findings. This decreased rainfall in monsoon season and increased rainfall in post-
monsoon season (Hossain et al. 2014; Syed and Amin 2016) also explain the perception and trends
of increasing annual rainfall.

This study shows that farmers practiced 26 adaptation strategies, mainly preemptive to crop
management, water management, land management, and income diversification, to ensure food
security during and after climate change-induced disaster events. Most of these adaptation
strategies were adopted for autonomous and reactive reasons and were later supported by different
NGOs and government organizations. Support from these institutions for different adaptation
strategies is visible in other studies (Islam and Paul 2018), though farmers mostly adopt adaptation
options autonomously (Alam et al. 2017; Klenk et al. 2017; Amin et al. 2018).

Farmers’ choice of adaptations was found to be influenced by their socio-economic
determinants (Asfaw et al. 2019; Islam and Paul 2018; Alam 2017). The age of the farmers
correlated to different adaptation strategies; experienced farmers were more likely to adapt to
climate change by using saline-tolerant crops, planting crops with short lifespans, homestead
gardening, and re-digging canals. Education helped people to understand, cope with and adapt to
adverse climatic conditions. Respondents’ educational status thus affected their adaptation
strategies; it influenced the use of techniques such as changing crop calendars, enhancing the
efficiency of fertilizer use, taking strategies to decrease the salinization of agricultural fields,
increased use of supplementary irrigation, and leasing cropland. Farmers who farmed as their
primary occupation had a tendency to practice homestead gardening, use supplementary irrigation,
construct floating gardens, and lease cropland. Meanwhile, respondents with different secondary
occupations were likely to engage in off-farm employment as well as to cultivate saline tolerant
crops. Respondents with off-farm employment were likely to have low farm and high non-farm
income, and respondents with high monthly expenditure were likely to use organic fertilizer in
their fields.

Loans had a significant influence on choice of adaptation strategies. Respondents who had
taken out loans from banks and NGOs were likely to practice crop diversification, introduce new
crops, practice crop rotation, and reduce tillage and deep ploughing. It was also more likely for

respondents with a larger quantity of farmland to use supplementary irrigation, reduced tillage and
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deep ploughing, as large-scale land needed to be irrigated efficiently and was quite impossible to

plough with traditional machinery.

4.2. Challenges and opportunities in adaptation to climate change

The household survey shows that each of the respondents adopted a minimum of five
adaptation strategies to protect their agriculture production from various climate change-induced
events (e.g., heavy rain, drought). According to the respondents, the challenges in adopting these
frequently-practiced adaptation techniques were factors related to changed climate (e.g. the
uncertainty of the rainfall calendar), availability of inputs (e.g. fertilizer, specific seeds, pesticides),
lack of irrigation facilities (e.g. high cost, dependence on larger farmers’ decisions), lack of
profitable crop marketing options, lack of proper knowledge and experience of techniques, and
effectiveness of agricultural extension services on adaptation approaches (Table 7). Our study also
explored the perceived opportunities in adaptation strategies such as minimizing environmental
stress (57%), increasing profitability by protecting crops, ensuring higher production through
proper facilitation of crops (e.g., ensuring soil fertility, incorporating high yielding varieties),
facilitation of additional income and food, and assurance of sustainable agricultural strategies
(Table 7).

The main challenge in the climate adaptation strategies was factors related to changed
climate conditions. For example, the adopted crop calendar would sometimes fail to align with the
actual weather forecast. According to the farmers, pests were highly unpredictable, and pesticides
did not always work properly. Moreover, agricultural production was hampered by increased soil
salinity level. Net aquaculture and water conservation techniques failed due to untimely floods.
The effective adaptation strategies were also challenged by lack of available agricultural inputs
such as HYV seeds, pesticides, and fertilizers. Irrigation was somewhat costly, and sometimes
farmers depended on larger farmers’ decisions about irrigation. Credit facilities were also poor;
this has been identified in other studies (Ericksen et al. 1996; Asaduzzaman et al. 2005). However,
the main benefit that farmers acknowledged from the adoption of climate adaptation strategies was

additional economic advantages for families.
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4.3. Policy implications

Our study is the first attempt to investigate determinants of climate change adaptation and choice
of climate change adaptations strategies at a larger spatial scale of the south-west coastal areas in
Bangladesh, which is one of the most climate-vulnerable regions in the world. Our multiple
findings have notable implications for both researchers and policymakers working on adaptation
to climate change. First, the adaptation paradox (e.g., uncertainty of government adaptation
strategies to local stakeholder, who experience the climate change locally) must be resolved (Ayers
2011) by planning, implementing, and managing adaptation to climate change on a local level.
Although global climate change impacts are experienced locally, national adaptation plans such as
the Bangladesh National Adaptation Program of Action (NAPA 2005) and the Bangladesh Climate
Change Strategy and Action Plan (BCCSAP 2009) have been designed and implemented without
consulting and engaging stakeholders at local level (Alam et al. 2013). The extensive autonomous
adoption of adaptations revealed by this study also hints to the fact that the planned adaptations
conceptualized in these national adaptation policies have already been partially adopted by local
farmers. The strong association shown by this study between experience (both age and farm work
experience) and adaptation to climate change (e.g., adapting to temperature change, plantation on
highlands, minimization of susceptibility of crops to pests, and adapting crops to saline conditions)
implies that experienced farmers’ knowledge and experience could be useful in developing the
next national adaptation plans in Bangladesh.

Second, the Bangladesh National Adaptation Program of Action (NAPA) has
recommended adaptation strategies in a broader context, without incorporating micro-level
adaptation techniques into the agricultural sector for different communities. Though credit
availability is positively linked to adaptation choices such as crop diversification and rotation and
adoption of new crops, national adaptation policies such as BCCSAP have neglected the idea of
providing local communities with ‘climate credit’ with very low interest rates. Furthermore, the
importance and use of indigenous knowledge and adequate funding for capacity building in
adaptation have been excluded from most of the climate policies.

Third, the strong relationship between education and adaptation strategies and choices re-
emphasizes the fact that achieving Sustainable Development Goal (SDG) 4: ‘Ensure inclusive and

equitable quality education and promote lifelong learning opportunities for all’ is essential in order
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to meet other SDGs such as SDG 2: ‘End hunger, achieve food security and improved nutrition
and promote sustainable agriculture’. However, the fact that only half of the population engaged
in agriculture have completed primary education (Hossain et al. 2016a) provides a significant
challenge to successful adaptation to climate change and thus the achievement of SDG 2.

Fourth, our study is indicative of the benefits of considering coastal adaptation
determinants. Their use would be highly cost-effective (due to asking farmers with age and
experience to predict disaster) in many cases, reduce the need for research trials (farmers have
experience of introducing new crops), and reduce the disease and pest susceptibilities of crops
(farmers can also use their experience to select disease and pest-susceptive crops); this would
improve the likelihood that climate adaptations will be successful. Our results also indicate that
only rich farmers and farmers with non-farm income can afford organic fertilizer and soil
conservation technique. Thus, the availability of these adaptation choices to all farmers through
government assistance could help to achieve SDGs and adaptation to climate change at local level.

Fifth, although irrigation from groundwater and use of fertilizer are commonly adopted
adaptation choices for coping with prolonged drought and salinity increase, both of these
adaptation strategies may degrade soil and environmental quality in future (Dearing and Hossain
2018; Ahmad et al. 2014; Qureshi et al. 2014). However, the unplanned withdrawal of groundwater

for irrigation has not been restricted by any of the adaptation policies.

Sixth, despite this risk of environmental degradation from withdrawing groundwater and
applying fertilizer, farmers in the coastal zone of Bangladesh have been successful in adapting to
climate change. In particular, their saline-tolerant adaptation strategies and drought resistance
coping strategies could be transferrable to other developing countries such as Kenya, where
drought has impacted heavily on society, and salinity in the groundwater has limited their
adaptation strategies. In addition, the way that fertilizer use has boosted agricultural production in
Bangladesh could be useful for other developing countries. Locally built embankment and
production within a shortened growing season, as well as floating gardens, could provide value-
added knowledge of adaptation to climate-vulnerable coastal countries.

Similarly, to many other developing countries, the coastal areas of Bangladesh are
managing to adapt to climate change. However, there has been no examination of the limits of

farmers’ capacity to adapt to climate change and the extent to which these adaptations will be
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successful. Future studies could also focus on understanding the determinants of farmers’ behavior
in adapting to climate change. Though our analysis highlights the differences in adaptation
strategies in high saline and low saline zones, we limited our understanding on overall adaptation
strategies and their determinants using the sample size collected for this study. Future research
could consider the social (e.g., urban, rural, poverty) and ecological (e.g., saline, temperature)
heterogeneity of adaptation strategies to understand how adaptation strategies varies across social-
ecological systems. In general, our study is applicable to areas with similar socio-economic
contexts; it provides useful information that can help the developing countries of the world,

especially coastal regions, to cope with the changing climate.

5. Conclusion

This study has made a first attempt to investigate farmers’ perceptions of climatic change,
determinants of climate change adaptation and choice of climate change adaptations strategies at
a larger spatial scale in the south-west coastal zone of Bangladesh.

The results of the study indicate that farmers were well aware of the climate change, though
70% of the respondents did not know the causes of the change. Many farmers had indigenous
knowledge that enabled them to predict climate change-induced adverse events. Most had
experienced an increase in temperature, total rainfall, change in rainfall pattern, cyclones and storm
surges, waterlogged conditions, droughts, and floods in the study area.

Some of the most common adaptation strategies were introduction of new crops, changes in
planting and harvesting dates, application of pesticides, increased use of supplementary irrigation,
reduced tillage and deep ploughing, and leasing cropland. In most cases, they adopted these
adaptation strategies for economic benefits.

Farming experience could stimulate adaptation processes. It was shown that the different
socio-economic determinants of the farmers were likely to influence their choice of adaptation
options for agricultural strategies. The strong linkages between socio-economic determinants and
adaptation strategies choice imply that successful achievement of SDGs is essential for successful
adaptation to climate change. Resolving the adaptation paradox by engaging local communities in
the next national adaptation plan could benefit adaptation strategies at national and local scales. It

is notable that farmers adopted those adaptation strategies autonomously instead of taking their
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lead from the government. The findings of this study could be helpful for adaptation to climate

change in other developing countries with similar social-ecological coastal characteristics.
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