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Coastal agriculture and livelihoods worldwide are highly vulnerable to Received 2 March 2021

changing climates, and Bangladesh is no exception due to its Accepted 16 April 2022

geophysical location. This paper examines rice farmers’ vulnerability,

adaptation strategies, and adaptation barriers to managing climate B > .
. . X angladesh; rice farmer;

change impacts in the coastal region of Bangladesh. Survey data were climate change;

collected from 220 randomly selected rice farmers located across two vulnerability; adaptation;

coastal districts of Bangladesh. A multinomial logit model was applied coastal region

to analyze determinants of adaptation strategies of rice farmers. The

results reveal that flood is the main risk to vulnerability, followed by

cyclones and storms surges and saline intrusion. The main adaptation

strategies are cultivating flood and salinity tolerant rice varieties, direct

seeding of rice, supplementary irrigation, cultivation of non-rice crops

that have shorter growth duration, and rearing of livestock, poultry, and

duck. The econometric analysis shows that factors such as household

head’s education, household income, farm size, access to information,

and extension services significantly influence the choice of adaptation

strategies of the rice farmers. We recommend to increase investment in

research, training of farmers, and targeted extension services to

disseminate climate-smart technologies and information for minimising

vulnerability of the farmers.
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1. Introduction

Farmers in developing countries are most adversely affected by climate change (IPCC 2014). Bangla-
desh, only 147,570 km? land area in South Asia and a population density of about 1,116 persons/km?
(World Bank 2018), is regarded as one of the top vulnerable countries to climate change (Alam et al.
2020; IPCC 2014). Extreme climatic hazards such as floods, sea level increase, cyclonic storm surges,
riverbank erosion, saline intrusion, and drought present significant risks to the life, livelihoods, and
food security of 64% of the farm-dependent rural population (Alam et al. 2020, 2017; IPCC 2007). Par-
ticularly, farming in the southern coastal part of Bangladesh is very sensitive to climate change
impacts. The region is more prone to sea-level rise (two metres above sea level), a big threat to
our existence and coastal agriculture. The sea level at the Bay of Bengal rises slightly higher than
the global average sea level (Nahar et al. 2018). The area faces constant inundation and increasing
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saline intrusion (Islam et al. 2021; Davis et al. 2018; IPCC 2014). The coastal region covers 28.9% of the
country’s total area and is home of 27.1% of the population who mainly depend on agriculture (BBS
2014).

Rice is one of the most important crops to feed the world’s increasing population, including Ban-
gladesh. Rice accounts for about 75% of the total cultivated area in the country (BBS 2014; Acharjee
et al. 2017). Most coastal farmers cultivate rice that covers about 95% of the total coastal land (Islam
et al. 2021; Kabir et al. 2019; Amin et al. 2018). They generally choose rice farming as their family sub-
sistence and way of employment. But rice farming frequently faces various natural disasters such as
flooding, salinity intrusion, extreme temperature and rainfall, and riverbank erosion. Any decrease in
rice production due to climate change would seriously impair the country’s food security. Appropri-
ate adaptation strategies can help farmers lessen the impacts of climate change on their livelihood
and food security.

In Bangladesh, the impacts of climate change are seen in the form of droughts, floods, cyclones,
landslides, hurricanes, tornadoes, thunderstorms and diseases infestation occurrences (Alam et al.
2018). It is well known that every agro-ecological zone is unique in terms of its geography, topogra-
phy, socio-economics, and climatic conditions, therefore making adaptation strategies unique to
each locality or community (Alam 2016; Ayers et al. 2014). The existing adaptation policies focus
on mitigation and adaptation to the overall adverse effects of climate change across the country.
For developing context-specific adaptation policy, it is important to understand local and regional
climate change scenarios and local adaptive strategies (Alam 2016; Alam, Alam, and Mushtaq
2017; IPCC 2007; Mertz et al. 2009). Adaptation is emerging as a key policy response for reducing
the harmful effects of climate change and protecting poor farmers’ livelihood and food security
(Alam et al. 2018; IPCC 2014). Therefore, studies on adaptation are important for helping farmers
to adapt to climate change (Sarker et al. 2021; Alam, Alam, and Mushtaq 2017).

Many previous studies have already focused on climate change perception (Kabir et al. 2020; Kabir
et al. 2019; Asrat and Simane 2018; Deressa, Hassan, and Ringler 2011) and vulnerability issues of
coastal dwellers (Ahmed et al. 2021; Kim, Song, and Chon 2021; Islam, Hossain, and Murshed
2015; Toufique and Yunus 2013). Understanding the factors that affect rice farmers’ adaptation strat-
egies is also important for policymaking and implementation. There are studies on adaptation strat-
egies of the farmers covering different agro-ecological zones of Bangladesh, such as drought-prone
areas (Hossain et al. 2019; Haque et al. 2017; Ayers et al. 2014; Ahmed et al. 2014; Anik and Khan
2012), coastal areas (Kabir et al. 2019; Amin et al. 2018), and riverbank erosion-prone areas (Sarker
et al. 2020; Alam et al. 2018). However, studies on coastal farmers’ adaptation strategies, particularly
rice farmers’ adaptation strategies and barriers to adaptation, are very limited, crucial to developing
coastal adaptation policy in the country. So, this study has been designed to examine the following
research questions: (i) what are the perceptions of coastal rice farmers about climate change vulner-
ability; (ii) what are the critical adaptation responses made by the farmers and barriers to adaptation,
and (iii) what are the factors affecting the choice of adaptation strategies of the rice farmers? There-
fore, this study aims to explore rice farmers’ vulnerability, adaptation strategies, and barriers to adap-
tation for managing climate change impacts in the coastal region of Bangladesh.

The rest of the paper is arranged as follows: Section 2 describes the study area and its geographi-
cal features, data collection, and statistical analysis; Section 3 deals with the results and Section 4
presents a summary and policy recommendations.

2. Methodology
2.1. Selection of the study area

The study was conducted in Bangladesh’s most vulnerable coastal regions (Betagi Upazila of Barguna
and Galacipa Upazila of Patuakhali district), where the main problems are salinity, sea level rise, and
cyclones. After a review of literature and newspaper reports, the study areas were selected
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purposively. The study followed a multi-stage purposive random method. Initially, two districts, one
upazila from each district, and three villages from each upazila were selected purposively. Then,
respondents were chosen randomly from the study villages. The study villages were Boro Char
Kajol, Dokkhin Char Biswas, and Borosiba of Betagi Upazila, and Mayarhat, Uttorvora and Dokkhin-
vora of Galacipa Upizala (Figure 1). All the villages are situated at the river bank and are affected
by salinity, riverbank erosion, and other climatic hazards. The livelihood of the people mainly
depends on agriculture.

2.2, Sampling, questionnaire, and data collection

A complete list of all rice farming households in the respective villages was collected from the Sub-
Assistant Agricultural Officers (SAAOs) in the study areas. The sample size of this study was calculated
by using the standard formula developed by Guilford and Fruchter (1977) as stated below-

_7’pq

=
where, n = the expected sample size, z = setting standard normal deviate at 1.96, p = Calculated to be
at 30% level, g = 1-p, d = degree of accurateness set at 6% and finally, 220 respondent was selected
for this study.

To ensure representativeness of the population, 10% of households from each village were
selected, giving a sample size of 220 households for the study. It is assumed that 5% of the popu-
lation is representative of the total population’s status and regarded as a sufficiently large sample
size for survey research (Bartlett, Kotrlik, and Higgins 2001). The unit of analysis was the rural house-
hold, and the household head (either male or female) was the survey participant for the data collec-
tion. Data were collected from 220 rice farmers using a lottery system to ensure the randomness of
the data.

Survey data were conducted using face-to-face interviews between January and February 2019
using a structured survey questionnaire. A pilot survey was conducted on 20 respondents to
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Figure 1. Study areas: Betagi and Galachipa upazila, Bangladesh.
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avoid ambiguity and ensure the suitability for getting maximum available information before final
data collection. Besides, in every village, one FGD (focus group discussion) comprised 8-10 house-
hold heads to cross-check individual interviews and socio-economic data. To fulfil the required
number of respondents in each village, the next respondent was considered in case of non-response,
which was relatively very low (less than 1%).

Descriptive and statistical analyses, such as the multinomial logit model (MNL), were used to
analyze the data. Due to small landholdings, the study households were categorised as: large
farm households (>7.49 acres of land) (12), medium farm households (>2.49-7.49 acres) (31),
small farm households (>0.5-2.49 acres) (157) and landless (<0.5 acres land) (20).

2.3. Theoretical and empirical model

To assess the factors influencing the choice of adaptation strategies, Logit or Probit models can
be used to explain categorical variables (Wooldridge 2009). The multinomial logit model (MNL)
model simultaneously estimates all binary logit among categories or choices, performing all poss-
ible comparisons (Alam 2018; Alam, Alam, and Mushtaq 2016; Alauddin and Sarker 2014). MNL
model was employed since the choice of adaptation was more than one. It was assumed that
all the categories were mutually exclusive. The model for each category of the outcome variable
is specified as:

Prob (Y = n|x)

iy = In oo —
e = M prob (Y = blx)

Here, b is the reference category, and n is the number of categories. The model needs a base
category to interpret the log-odds ratio. So, we can get n-1 (log-odds ratios). The probability
(Y;) of choosing one strategy j among a total of n alternatives conditional upon explanatory vari-
ables x; takes the following form:

e Bjxi

Probeyix) = Snk=1 epBjxi

This MNL model, as formulised in Green and Raygorodetsky (2010), estimates the utility from
choosing one particular strategy (as shown in the numerator) relative to the sum of utilities from
different choices (expressed in the denominator) (Alam, Alam, and Mushtaq 2016; Islam, Alauddin,
and Rashid 2017). The choice of adaptation strategies is assumed to be influenced by socio-econ-
omic factors, institutional accessibility and livelihood status (Table 1).

An initial 15 adaptation strategies were identified through the focus group discussions. However,
these failed to generate statistically significant parameters in the logit estimation. Based on the
expert opinion, the close adoption strategies were grouped into six main outcomes for model analy-
sis (Alam 2016; Alam, Alam, and Mushtaq 2016; Alauddin and Sarker 2014; Chen, Wang, and Huang
2014). There are six main adaptation strategies, such as the cultivation of High Yielding Varieties
(HYVs), supplementary irrigation (Sen et al. 2017), direct-seeded rice, cultivation of non-rice crops,
planting time adjustment, and diversification income sources (livestock, duck, and poultry
rearing). Adjusting planting calendar and techniques are the effective and most common practices
to avoid the adverse effect of climate change. Adjusting the planting calendar (planting and harvest-
ing date) can help escape climate stresses at planting and harvesting time. The use of alternate plant-
ing techniques (e.g. direct seeding of rice, minimum tillage, sorjan method, etc) can reduce the
impacts of climatic stresses. So, adjusting planting calendars and techniques has been chosen as
the base category to assess factors influencing different strategies compared to adjusting planting
calendars and techniques. The study also tested the collinearity using the correlation matrix with all
the explanatory variables and multicollinearity through Variance inflation factor (VIF) (range of VIF is
1.05-2.60) and did not find any problem.
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Table 1. Selection of the variables.

Expected
Explanatory variables Description sign Source
Age Years +/- (Alam, Alam, and Mushtaq 2016; Deressa,
Hassan, and Ringler 2011)
Education Years of schooling + (Alam 2018; Alauddin and Sarker 2014)
Gender Dummy, 1 =male, 0 =female +/- (Alam 2018; Alam 2016)
Average household Bangladeshi Taka (Continuous) (Alam, Alam, and Mushtaq 2016; Alauddin
income and Sarker 2014)
Farm size Decimal (Continuous) + (Alam 2016; Sarker, Alam, and Gow 2014)
Access to extension Dummy, 1 =if access to extension + (Alam, Alam, and Mushtaq 2016; Alauddin
service services; 0 otherwise and Sarker 2014)
Access to credit Dummy, 1 =if access to credit; 0 + (Alam, Alam, and Mushtaq 2016; Sarker, Alam,
otherwise and Gow 2014)
Access to information  Dummy, 1 =if access to information; 0 + (Alam 2015; Alauddin and Sarker 2014)

otherwise

3. Results and discussion

The study results are presented in different phases: farmers’ perception of vulnerabilities and factors
affecting the adaptation strategies.

3.1. Socioeconomic characteristics of the rice farmers

About 15% of the respondents were female-headed. The majority of the respondents (62%) were 31—
50 years old, indicating the most active age group to provide more physical efforts for farming.
About 15% of the respondent had no education, and most of them (72%) had primary (one to
five class) education level. The average family size was 4.56. The majority of the sample households
were small farmers (owning 50-250 decimal lands), and about 20% of the sample households were
virtually landless (owing to less than 50 decimal lands). Agriculture is the primary source of income.
Many of them had no access to electricity (50%), no bank account (49%), not a member of any organ-
isation (56%), no access to agricultural extension services (52%), and also no access to bank services
for credit (63%). Many of them (74%) did not receive any training in their profession.

3.2. Rice farmers’ perception about vulnerabilities to climate change

Climatic vulnerability is the character, magnitude, and rate of climate change and variation to which
a system is exposed, its sensitivity, and adaptive capacity (IPCC 2007). Farmers in the study areas are
exposed to many vulnerabilities such as floods, salinity intrusion, sea-level rise, and cyclones and
storms. According to the respondents, flood is the main risk to vulnerability (93%), followed by
cyclones and storms surges (74%) and saline intrusion (71%) (Figure 2). Farmers incur huge losses
due to floods, cyclones, storm surges every year. Salinity intrusion, which is increasing over the
years, is @ major issue in the coastal zone (Nahar et al. 2018).

Riverbank erosion is a crucial vulnerability in the study area. Every year, many lands are eroded
due to riverbank erosion, affecting farmers’ livelihood and food security, particularly for small and
landless farmers who depend intensely on agriculture.

3.3. Main adaptation strategies

Farmers in the study areas are found to adopt many adaptation strategies in response to climate
change. The most common adaptation strategies include cultivation of HYV of rice, supplementary
irrigation, direct seeding of rice, cultivation of non-rice crops, and diversifying income sources
(Figure 3).
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Figure 2. Farmers’ perception about vulnerabilities.

Diversifying income and livelihood sources included livestock, poultry, duck rearing, small
business, and off-farm employment. Cultivation of non-rice crops includes homestead gardening
and horticultural crops such as pulses, watermelon, potato, chickpea, sweet gourd, and onion. Cul-
tivation of HYV rice includes saline, flood, and drought-tolerant rice. They usually cultivate BRRI dhan
39, BRRI dhan 49 and Binadhan 7 rice varieties. However, many farmers are still cultivating local veri-
ties of rice and thus losing good economic return from rice cultivation. Due to limited rainfall, farmers
use water from shallow tube-well known as supplemental irrigation. In the Aman rice season, coastal
farmers face a shortage of water for their rice cultivation. Supplementary irrigation during Aman
seasons is often required due to inadequate and delayed rainfall. Small and landless farmers used

Supplementary irrigation 43
Diversifying income sources 56
Cultivation of non-rice crops 64
Adjusting planting time and techniques 82
Cultivation of HYV rice 71

Direct-seeded rice 65

0 20 40 60 80 100

Percentage of response

Figure 3. Main adaptation strategies.
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supplementary irrigation more than large and medium farmers. Because small/landless farmers are
very caring about the cropping because of less farming land. They take care of their rice farming
more than middle and large farmers. They are trying to supply more water from shallow tube-
well to get maximum yield from the small field. Adjusting planting dates and techniques, such as
changing harvesting date, using water-saving technology (such as alternative wet and dry irrigation
method and direct seeding of rice), and changing cropping patterns are preferred by large and
medium farmers over small and landless farmers. In fact, small and medium farmers have less
amount of land and practices subsistence farming. Large farmers, on the other hand, cultivate
crops for profit. As a result, they use these technologies in their commercial farming. Moreover,
medium and large farmers have better access to information and improved technologies on
climate-smart agriculture.

3.4. Barriers to adaptation

Rice farmers were also asked to mention present barriers to climate change adaptation. In the study
areas, farmers appear some barriers to adaptation which is presented in Figure 3. About 92% of
respondents mentioned lack of financial resources in terms of credit, money, or saving as the
main barrier to adaptation, followed by lack of knowledge concerning appropriate adaptation
(89%). Similar constraints are also mentioned in previous studies (e.g. Shrestha, Chaweewan, and
Arunyawat 2017; Alam 2016; Alam, Alam, and Mushtaq 2016; Sarker et al., 2019; Deressa, Hassan,
and Ringler 2011). Previous studies indicate that information and knowledge are important to
build perception, which further influences adaptation (Alam, Alam, and Mushtaq 2017; Asrat and
Simane 2018). The other important barriers mentioned by the farmers are lack of education
(72%), high cost of improved crop varieties (67%), lack of weather and potential climate change
and weather forecast information (65%), and poor agricultural extension service (62%) (Figure 4).
Due to inadequate road facilities, the farmers also face problems buying and selling their input
and output.

3.5. Factors affecting the choice of adaptation strategies

The results of the MNL model for determining the factors affecting adaptation strategies are pre-
sented below:

Inadequate knowledge of how to cope or build resilience 81
Poor agricultural extension service delivery 62
High cost of improved crop varieties 67
Lack of education 72
Lack of knowledge concerning appropriate adaptation 89

Lack of money 92

Lack of weather and potential climate change and weather
forecast information

0 20 40 60 80 100

Percentage of response

Figure 4. Major barriers to adaptation.
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Overall, the model shows a good fit in terms of the statistical significance of key variables and the
overall model. The chi-square statistics (LR-88.16) indicates a strong explanatory power of the
model. The McFadden pseudo R? of 0.22 also reveals the reasonable explanatory power of the
model. The majority of the explanatory variables were seen as statistically significant with an
expected sign. The collinearity of the variables was tested using the correlation matrix with all the
explanatory variables and multicollinearity through VIF and did not find any statistical problem.

The results show that education has a significant positive relationship on the adoption of cultiva-
tion of HYV (1.018, p < 0.10), supplementary irrigation (1.013, p < 0.10), cultivation of non-rice crops
(1.020, p < 0.05) and diversifying income sources (0.992, p < 0.001) (Table 2). This indicates that a
one-unit (year) increase in a respondent’s level of education will increase the probability of adopting
cultivation of HYV by 1.018 relatives to the base category while the effect on the remaining options is
negligible. The same interpretation holds true for the other variables. These findings support the pre-
vious findings of Alam, Alam, and Mushtaq (2016) and Alauddin and Sarker (2014).

The adoption of direct-seeded rice method of crop establishment (1.182, p < 0.05) increased with
male-headed households. On the other hand, non-rice crop cultivation (0.165, p < 0.10) increased
with the increase of age (Table 2). This result is in accordance with the field experience. Age is a
proxy of experience. The cultivation of non-rice crops such as vegetables is more profitable than
rice cultivation. Therefore, experienced people adopt the cultivation of the non-rice crop to mitigate
climate change impact in the area.

Access to credit and extension services also increases the probability of adopting adaptation
strategies (Alam, Alam, and Mushtaq 2016; Bryan et al. 2009; Deressa, Hassan, and Ringler 2011).
This study finds that access to credit and access to extension services have significant positive
influence on the adoption of HYV (0.175, p < 0.10), supplementary irrigation (0.108, p < 0.05 and
1.010, p < 0.10), cultivation of non-rice crop (1.071, p < 0.05) and diversify income sources (0.207,
p < 0.05) respectively (Table 2).

Farm size and household income play an important role in farmers’ livelihood and choosing adap-
tation strategies (Alam 2018; Alauddin and Sarker 2014). The study reveals that farm size has signifi-
cant positive impact on adoption of HYV rice (0.013, p < 0.10), direct-seeded rice (0.014, p < 0.05),
and non-rice crop cultivation (0.008, p < 0.05). Whereas household income has a significant positive
impact on HYV rice and non-rice crop cultivation (Table 2).

The study reveals that access to information has positive significant impact on the adoption of
HYV rice (0.330, p< 0.05), use of supplementary irrigation (0.166, p < 0.10), direct-seeded rice
(0.152, p< 0.05) cultivation of non-rice crops (0.125, p < 0.05) and diversifying income sources

Table 2. Results of the MNL model of estimated parameters (marginal effects).

Adaptation strategies (co-efficient values)

Explanatory Cultivation of

Supplementary

Direct seeded

Cultivation of non-

Diversifying income

variables HYV irrigation rice rice crops sources
Constant —6.593 (5.56) —0.736 (5.062) 1.211 (5.104) 15.141** (6.012) —2.646 (5.945)
Age —0.008 (0 .06) —0.066 (0.059) 0.021 (0.060) 0.165* (0.103) —0.075 (0.077)
Gender 2393 (1.13) 1.068 (0.382) 1.182* (1.023) —1.088 (1.177) 3.215 (1.406)
Education 1.018* (0.52) 1.013* (0.612) 0.089 (0.693) 1.020** (0.458) 0.992*** (0.357)
Household 0.028** (0.011) 1.071 (7.40) 0.011 (0.021) 1.010** (0.387) 0.001 (9.67)
income
Farm size 0.013* (0.005) 0.007 (0.006) 0.014** (0.005) 0.008** (0.003) 0.004 (0.007)
Access to 1.021 (1.088) 1.010* (0.402) 0.644 (0.99) 1.071** (0.383) 1.456 (0.891)
Extension

service
Access to credit
Access to

information

0.175% (0.068)
0.330** (0.124)

0.108** (0.041)
0.166* (0.065)

1.036 (0.922)
0.152** (0.054)

0.769 (1.098)
0.125** (0.048)

0.207** (0.075)
0.079* (0.029)

Log likelihood = —162.26939; Pseudo R?=0.2136; LR (Chi-square) = 88.16.
N = 220. Adjusting planting time and techniques is used as base category. Standard errors are indicated in parentheses.

*p< 0.10, **p< 0.05, and ***p< 0.001.
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(0.079, p < 0.10). Previous findings by Alam (2016) and Deressa, Hassan, and Ringler (2011) indicate
that adopting adaptation strategies increases access to information. Below et al. (2012) argued that
information related to climate change greatly influences creating awareness among farmers, which
encourages farmers to adopt strategies.

5. Conclusion and policy implications

Bangladesh’s agriculture sector and rural livelihoods, especially in the coastal zone, are highly vulner-
able to the negative impacts of climate change. This paper investigated rice farmers’ vulnerabilities
to climatic hazards and their adaptations to climate change. The results reveal that coastal rice
farmers are frequently exposed to floods, droughts, salinity intrusion, sea-level rise, cyclones and
storms surges, coastal erosion, and riverbank erosion. Flood is the most common source of vulner-
ability, followed by cyclones and storm surges, and saline intrusion. Farmers tried to minimise the
negative impacts of climate change by adopting various adaptation strategies such as the cultivation
of climate-smart (e.g. flood and salinity tolerant) rice varieties, use of supplementary irrigation for
non-rice crops, using direct-seeded rice method of crop establishment, shift from rice to non-rice
crop cultivation, adjusting planting time and techniques, and diversification of income sources.
These adaptation measures reduced rice production losses from climatic disasters and improved
farmers’ resilience to climate change. Model analysis showed that education has a significant positive
relationship on the adoption of cultivation of HYV, supplementary irrigation, cultivation of non-rice
crops and diversifying income sources . Majority of the respondents mentioned lack of financial
resources in terms of credit, money, or saving as the main barrier to adaptation, followed by lack
of knowledge concerning appropriate adaptation..

The use of digital tools in agriculture is rapidly increasing. Agricultural extension service providers
can use a mobile phone-based technology transfer mechanism to supply their services since most
farmers have mobile phones. The Department of Agricultural Extension and NGOs can give technical
support to farmers at the local level through a call centre, community weather forecasting, and
instant messaging. Promoting digital tools requires effective policies and programmes to supply
context-specific digital services and develop farmers’ knowledge and skills to use the technologies.
Improving farmers’ adaptations to climate change also requires strong research-extension linkages
and training of extension workers for quick transfer and use of new climate-smart agricultural tech-
nologies such as flood and salinity tolerant rice varieties. Farmers’ limited access to knowledge on
appropriate adaptation technologies and cultivation practices is an important barrier to climate
change adaptation. Farmers should be educated and trained on climate-smart agriculture technol-
ogy and its applications through agricultural skill development training at the local level. The lack of
irrigation facilities, especially supplemental irrigation, hinders rice farmers’ production activities in
the Aman season. Policymakers should emphasise Aus and Aman rice production in the coastal
area by enabling supplementary irrigation to increase overall rice production and thus ensure house-
hold food security. Another important measure to reduce adverse impacts of climate change is the
timely supply of weather forecast information to farmers. Effective implementation of these policies
and programmes can substantially reduce the adverse effects of climate change on rice farmers.
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