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Abstract: Bangladesh is one of the most climate-vulnerable countries on the globe. The country is
frequently affected by numerous climatic events including floods, droughts, cyclones, etc., which
damages the farm household’s livelihood and socio-economic condition. Therefore, this work intends
to appraise the smallholder farmers’ perceived climate-related risk, impact, and the factors that
influence their choices of adaptation strategies to cope with the adverse impact of the climatic extreme
events in northern Bangladesh. Survey data were collected from 300 respondents from two drought-
prone districts of northern Bangladesh in January–February 2020. The climate-related risk perception
index (CRRPI) was constructed to assess the farmers’ perceived risk. The multinominal logit (MNL)
model was employed to explore the factors influencing farmers’ choices of adaptation strategies.
Farmers’ perceptions of climate change risk were found to be consistent with meteorological data
in the research area. Results of the CRRPI revealed that flood, drought, riverbank erosion, and heat
waves were the critical risks perceived by the farmers. Farmers used a variety of adaptation measures
to deal with these climatic threats, including agricultural diversification, changes in fertilizer and
insecticides, and crop and seed changes. The MNL model results showed that the factors that
influenced a farmer’s choices of adaptation strategies were age, education level, family members,
income level, year of farming experience, and the farmer’s information on climate change. This study
also demonstrated that water scarcity in the dry period and the frequency of crop diseases were the
major limiting factors experienced by the farmers whilst undertaking adaptation strategies. Thus,
awareness and capacity building through training and support to adopt the adaptation strategies are
essential to enhance the resilience of the farmers.

Keywords: agriculture; Bangladesh; climate change; multinominal logit model; risk perception index

1. Introduction

Poor households in developing countries such as Bangladesh are highly affected by
climate change due to their low adaptive capacity and inadequate access to alternate means
of livelihood [1–4]. Moreover, extreme weather phenomena are projected to become more
recurrent and intense in the forthcoming period, with potentially severe adverse effects on
the livelihood of farmers in developing countries, including Bangladesh [3,5,6]. Climate
change will negatively affect crop production and lead to substantial changes in farming
practices [7]. Despite technological advancements, climate change and variability are yet
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a primary determinant of agricultural crop production, where temperature and rainfall
serve as critical driving factors in productivity and rural food security perspectives [8,9].
Growing climate issues are driving the demand for efficient solutions in the agriculture
sector, which will improve farmers’ livelihoods and economic situations to cope with
climate change [10]. Numerous studies have predicted that changes in climatic conditions
will increase the frequency and magnitude of various dangerous climatic events and
disasters such as floods, drought, storms, and cyclones [2–7].

Bangladesh is one of the most densely populated agriculture-based countries across
the globe. Agriculture contributes about 13% to the gross domestic product (GDP), and
employment of more than 42% [11]. However, the agriculture sector is the most vulnera-
ble to climate change and is most affected by numerous climatic change impacts such as
flood, drought, riverbank erosion, extreme weather, etc., and the northern regions of
Bangladesh are particularly vulnerable to such climatic impacts. Drought is an extreme
climatic event in this region that harshly affects agricultural production and rural house-
hold’s livelihoods [12,13]. Flood is the most severe adverse effect on human livelihoods,
and leads to more fatalities and triggers widespread material damage to such a degree
that the household cannot cope without outside support due to their limited adaptive
capacity and resources [13,14]. Flood and drought frequency and magnitude are mostly
linked to environmental and meteorological changes in developing countries. If the im-
pacts of climate change on farming systems are not detected properly, they might have a
significant impact on food production and food security, as well as become an impediment
to poverty-reduction initiatives and sustainable development. The emissions of CO2 and
other greenhouse gases is rising continuously around the world, which results in an in-
creasing temperature level that will result in climate change variability and more threats to
the agricultural sector [15]. Climate change will have a substantial impact on agricultural
productivity, and will result in significant changes in agricultural output [7]. To tackle
climate change risk and impacts, many nations have turned to green agriculture technology,
which provides sustainable adaptation measures [16].

Many studies have addressed climatic risk, impacts, and adaptation strategies in
different countries in regards to mitigating the negative impacts of climate change on agri-
culture, including Nepal [17], China [18], Pakistan [19–21], Africa [22,23], Canada [24], and
Australia [25]. In Bangladesh, studies on farm-level adaptation strategies have concentrated
on the salinity-prone southwestern coastal region; for example, [26–28], drought-prone
regions in the northwestern areas [12,29–34], both drought and flood-prone northern ar-
eas [9,13,35–37], and rural riparian areas [2,38,39]. Previous research has demonstrated
that farmers typically adopt a variety of strategies to adjust agriculture to climate change
risk [19,20,29,35]. Farmers use a variety of techniques in their agricultural sector such as
altering crop varieties, farm diversification [35–37]; nonagricultural income [9,13], and
changing fertilizers and pesticides [15,34]. Technological improvements include the growth
of novel and heat-tolerant crops, as well as developments in irrigation and water supply
systems [21,35,36]. Farmers’ psychological variables are a major concern that has resulted
in different risk perceptions and adaptation techniques in response to climate change. The
psychological elements assist farmers in comprehending extreme climatic occurrences, such
as their risk, effects, and consequences, and so provide a perspective of taking adaptation
measures to lessen climate change risk and impact [33,34,36,37].

However, research regarding farmers’ context-specific perceived climate change vul-
nerability associated with extreme climatic event and adaptation strategies are scarce in
the northern region of Bangladesh, which is one of the extreme vulnerable regions of the
country. Understanding farmers’ context-specific perceived climate-related risk and their
adaptation strategies at the local farm level is crucial for supporting farm households in
combatting climate change issues [26,37,40,41]. To close this research gap in earlier litera-
ture, this study aimed to investigate the smallholder farmers’ perceived climate-related
risks and impact. The study further reveals the major factors influencing the choices of
adaptation strategies by using farm-level data from northern Bangladesh.
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2. Conceptual Framework of the Study

Climate risks, including extreme climatic phenomena such as droughts, floods, river-
bank erosion, and heatwaves, have adversely affected crop production and the livelihoods
of millions of households [7,42]. To combat climate-related risk and impacts on crop produc-
tion, farmers persistently take many adaptation measures [43] that are not always similar
to other’s livelihood pursuits. In our research, we defined climate change as observed or
perceived changes in the local atmospheric condition over the past 30 years in terms of
frequency of extreme environmental phenomena such as droughts, floods, heatwaves, cold
periods, and so on [44]. Therefore, the level to which an environmental system (in our case,
a farm) is susceptible to an environmental stimulus is associated with the farm’s capacity
to be adversely affected and cope with its detrimental effects [45].

Many approaches have been used in the existing literature to gain insights into climate-
related risk perceptions. Of these, most studies have focused on measuring risk perception
of climate change from their own experiences and through different factors, including
social, cultural, and psychological, by using Likert scales [2,38,39,46]. The Likert scale is
broadly utilized in behavioral studies that help to develop relative insight scales. In this
study, we also adopted a Likert scale to measure farmers’ risk perception of climate change.
In such a manner, the perception output is expressed by index-based values. These index
values are defined by a modified climate-related risk perception score (CRRPS) and the
modified climate-related risk perception index (CRRPI) to inspire a superior understanding
of how farmers perceive climate-related risks and impacts (Section 3.5). Such climatic
risks include crop pests, irrigation risks, animal diseases, etc., which adversely affect water
availability, reducing crop yields and farm income, and increases crop pests (Figure 1).

Adaptation strategies to cope with the effects of climate change in principle can be
planned for farm households’ resilience. For example, on a short-term basis, a few adapta-
tion measures, such as livestock rearing and vegetable gardening, as well as nonagricultural
income, provide a better resilience. The farmers take some medium-term adaptation mea-
sures to strengthen resiliency, such as altering crop varieties, altering seed quality, and
changes in irrigation systems and planting time to fight against medium-term impacts of
climatic risk and vulnerabilities (Figure 1) [35]. In long-term adaptation strategies, farmers’
practice farm diversification; increasing nonagricultural income helps them to cope with
extreme climatic events such as droughts, floods, heatwaves, etc. [36,37].

Most of the measures were reported as short to medium-term plans. However, we
did not differentiate farmers’ adaptation measures into short-, medium-, or long-term, and
instead represented them as specific measures, and explored the significant adaptation
measures and persistency that effectively helped the farmers cope with climate change
(Figure 1). Based on these criteria, we reported the following assumptions: (i) farmers who
have sound understanding or knowledge and experience of a higher degree of effects in
terms of climate-related risk on their crop production and livelihoods are more probable
to adopt adaptation measures than other farmers; and (ii) the adaptation strategies are
effectively helping the farmers to cope with this climate change in this region by reducing
impacts and vulnerabilities. The decision to pursue these adaptation measures while
considering the related factors is an appropriate action against the effects of climate change
on their crop production, and economic and property damages. Thus, exploring these
risk perceptions, effects, and effective adaptation strategies is used to make sustainable
planning, policy, and appropriate measures concerning climate change.
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Figure 1. A conceptual framework for the implication of assessing farmers’ perceived climate-related risk, impact, and
adaptation strategies.

3. Materials and Methods
3.1. Study Area

The present study was performed at the Phulbari and Hatibandha Upazilas in the
Kurigram and Lalmonirhat districts of the northern region of Bangladesh, respectively.
The area is geographically situated within 25 adaptation strategies. suste and 89◦0′0′′ E to
89◦3′0′′ E longitude (Figure 2). Then, four villages from these two Upazlias were selected
for data collection while considering three aspects: (i) these villages, situated on the bank of
the Teesta and Dharla Rivers, are highly vulnerable to flooding, and every year enormous
floods occur in this area; (ii) the levels of severity of riverbank erosion that was recognized
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through an extensive review of the reports in newspapers and in consultation with local-
level field experts; and (iii) the intensity of heatwaves and droughts in the dry period
that was acknowledged by the review of a scientific journal and discussion with local
people [37]. Char Gorok Mondol and Asiyar Bazar of Phulbari Upazila, East Daoabari,
and North Daoabari of Hatibandha Upazila were selected for this research based on the
aforementioned aspects.
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Figure 2. Map showing the survey sites in northern Bangladesh.

More than 72% of the people are directly dependent on agriculture in this area.
In terms of geographical location, the climatic condition of the region is sub-tropical wet
and dry, and low rainfall in the area (<1200 mm on average) has been observed in the
last three decades. Moreover, the future prediction shows that this will be decreasing
slightly within the 21st century [3]. These climatic disasters and their impacts in the area
severely damaged the farmers’ agricultural sectors, livelihoods, and properties, which
lead to socio-economic disruption and threats to food security. Therefore, a multistage
sampling technique was applied to appraise farmers’ perceived climate-related risk, im-
pact on crop productions, and the factors influencing farmers’ adaptation strategies in
northern Bangladesh. In the first stage, the two Upazilas in the Kurigram and Lalmonirhat
districts were selected. The second stage included the random selection of four villages
corresponding to population size, while the third stage included the random selection of
villages corresponding to each village size. The final stage was the random selection of
300 households equivalent to the size of the chosen villages.

3.2. Sample Size Determination

Cochran’s formula was used to determine the sample size [47]. According to the
Upazila agricultural office of Phulbari and Hatibandha, the total number of farmers in
these selected four villages was 1400. The estimated sample size was 300 (80 for Char Gorok
Mondal, 70 for Asiyar Bazar in Phulbari Upazila, 80 for East Daoabari, and 70 for North
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Daoabari in Hatibandha Upazila). The confidence level and margin of error (confidence
interval) were 95% and 5%, respectively.

n =
n0

1 + (n0−1)
N

(1)

where:
n = Sample size of a given population;
n0 = Sample size for infinitive population; and
N = Population size.

3.3. Data Collection

Both qualitative and quantitative approaches, including a household survey and key
informant interviews, were adopted to collect the dataset for this research. The survey
datasets were collected from January to February 2020, before the COVID-19 pandemic
began, through a semistructured questionnaire (see supplementary material) using a face-
to-face interview method. The household head (male or female) was the respondent. The
respondents were selected randomly from the list of farmers, which was received from the
local agricultural extension office, and this technique also utilized a top-down approach
to explore the real climate-related risk, impact, and adaptation strategies in two drought-
prone regions. Before designing a questionnaire, regular discussions were held with the
community-educated persons, including teachers, an elderly person with good knowledge,
local government authorities, nongovernmental organizations (NGOs), farmers, and during
field observations. Each of the questions followed a chronological association to understand
the influence of various variables related to climate-related risk, impacts, and adaptation
strategies. There were five sections in the questionnaire: (1) demographic and farm profiles
of the respondents such as age, education, income level, earning members, etc.; (2) farmers’
perceived risks related to climate change, (3) determinants of climate change and its risk
severity including floods, droughts, and riverbank erosion; (4) perception of climate change
vulnerability in crop production; and (5) farmers’ adoption of the adaptation strategies
toward these threats.

Moreover, we gathered rainfall and temperature datasets for the last 35 years (1984–2018)
from the Rangpur observation station of the Bangladesh Meteorological Department [48].
General linear regression was performed to obtain the mean rainfall and temperature
trends [7]. The aim of the climatic dataset was to verify the climatic variables with
farmers’ perceptions, which change frequently in the study region. In addition, photos of
several major adaptation strategies with necessary notes were taken while visiting and
surveying the study sites.

3.4. Multinomial Logit (MNL) Model

The multinomial logit (MNL) model is the most robust regression model that is widely
used for the nominal result [9,49]. The main advantage of this model is that it permits the
study of choices over more than two categories and allows the determination of choice
likelihoods for various classes [9,49]. Any adaptation strategies may be adopted under the
certain circumstance of efficiency and benefit maximization [50]. Thus, this study used this
model due to farmer’s adaptation strategies utilizing discrete dependent variables with
various choices of strategies.

To represent MNL, let Uh and Uk imply a random choice variable of farmers i, who
can select between any two choices, then the random utility model can be stated as follows:

Uih = Vih + εih (2)

Uik = Vik + εik (3)

where Uih and Uik are the farmer random utility in Equation (2) of farmers’ selected
options h and k, respectively; Vih, Vik indicate the deterministic (explainable) or systematic
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utility components; εih and εik are the stochastic (random) variables that represent the
unobservable effect on individual selections and measurement errors, and are expected
to be independently and identically distributed [51]. On the basis of utility extension
performance, a farm household will only select an option h if Uih > Uik for all h 6= k.
Deterministic components Vih or Vik denote an attribute vector x; for example, Vih = xih′β
or Vik = xik′β. Therefore, utility is not easily noticeable; rather, a farm household’s selection
of an adaption measure can be seen. While there are numerous options, the likelihood of
different adaptations can be represented as a probability:

Pr[Yi = [h|x|] = P[Uih > Uik] = Pr[xiβh + εih − xiβk − εik > 0|x|] and
= Pr[xi[ βh − βk] + εih − εik > 0|x|] = Pr[xiβ + ε > 0|x|] (4)

where β represents an unknown vector coefficient, x denotes a vector of explanatory factors
influencing adaptation choice, and ε indicates a random error term. The probability that a
farm household will select option h for a given x is provided as follows:

Pr(Yi = h/x) =
eβhxi

1 + ∑m
k=1 eβkxi

(5)

The selected models can evaluate Equation (5) [51]. The assumption of independence
of irrelevant alternatives (IIA) must be met in order to obtain unbiased and reliable param-
eters of the model [52]. It implies that the likelihood of a certain farm family adopting a
specific adaptation approach is independent from the probability of picking an alternative
adaptation strategy. The parameters assessed by the MNL model offer only the direction
of the impact of the independent variables on the dependent variable, but the assessment
does not describe either the actual level of changes or likelihoods. So, the marginal effects
are functions of the probability itself, and compute the predictable change in likelihood
of a specific choice being made to a unit variation in an independent variable from the
mean [53]. The marginal impact can be represented by the following Equation (6):

∂Prm

∂xn
= Prh

(
βhn −∑H−1

h=1 Prhβhn

)
(6)

Marginal effects determine the likelihood of variation in the probability of adapting
to a specific choice in response to a unit change in an explanatory variable [51]. An
MNL model may be thought of as simultaneously calculating binary logits for all potential
differences among the results. With Z outputs, only Z-1 binary logits must be approximated.
Farmers could select their preferred choice from a set of unordered and distinct adaption
strategies, one of which was the base category. For this work, there were seven adaptation
strategies (dependent variables), and 10 explanatory variables (independent variable)
were chosen for the MNL analysis to explore the factors that influenced the choices of
farmer’s adaptation strategies, which are shown in the following Table 1.

3.5. Climate-Related Risk Perception Index (CRRPI)

The climate-related risk perception index (CRRPI) was constructed based on the mod-
ified climate-related risk perception score (CRRPS) to evaluate the farmers’ perceived
climate-related risks against any climatic phenomenon based on their inherent experi-
ence [39]. Climate change risk perception is a multitask procedure that depends on differ-
ent factors including socio-economic, demographic, political, and cultural activities [54].
Overall, personal understanding leads to a pivotal role in identifying farmers’ perceived
climate-related risks [55]. Some studies have adopted Likert scales to estimate farmer’s
perceived climate-related risks [2,38,39,46]. The Likert scale is generally employed in
behavioral research that aids in developing a relative perception level. In our study, we
also adopted a similar type of Likert scale to determine farmers’ perceived climate-related
risks. In such a case, the CRRPS and CRRPI were applied thoroughly to obtain a better
understanding of how farmers perceived climate-related risks.
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Table 1. Description of the variables used in the multinominal logit model.

Variables Description Measurement

Dependent variable

Adaptation strategies Adoption of climate change adaptation
strategy (dummy)

1 = Increasing nonagri. income;
2 = Alteration of crop varieties;

3 = Alteration of seed quality; 4 = Change
fertilizers and pesticides; 5 = Change
irrigation system and planting time;

6 = Farm diversification; 7 = Livestock
rearing and vegetable gardening

Independent variables

Age Age of respondent (dummy) 1 = ≤ 0 years; 2 = 30–40 years;
3 = 41–50 years; 4 ≥50 years

Education Educational status of the respondent
(dummy)

0 = Illiterate; 1 = Primary; 2 = Secondary;
3 = Higher-secondary; 4 = Graduation

Family members No. of members in the family (dummy) 1 = Three; 2 = Four; 3 = Five; 4 = Six;
5 = ≥Six

Income level (Taka) Respondent monthly income status in
Taka (dummy)

1 = Low (<3000) Taka; 2 = Lower middle
(3000–4000) Taka; 3 = Upper middle

(4000–6000) Taka; 4 = High (>6000) Taka

Credit accessibility Whether credit accessibility influences
adaption strategy (dummy) 1 = Yes; 0 = No

Using technology Technology influences adaption
strategies (dummy) 1 = Yes; 0 = No

Support Government/NGO/others support
influences adaptation strategy (dummy) 1 = Yes; 0 = No

Land ownership Type of land ownership influences
adaption strategy (dummy) 1 = Own; 2 = Hire; 3 = Joint venture

Farming Experience Years of farming experience influences
adaptation strategy (dummy)

1 = ≤20 years; 2 = 20–30 years;
3 = ≥30 years

Information on climate change Whether climate change information
influences adaptation strategies (dummy) 1 = Yes; 0 = No

The participants were requested to appraise their view on 10 climatic phenomenon
statements to gain a thorough understanding of the relative perception of the respondents
on the 10 chosen climatic phenomena. A six-point Likert scale was adopted to estimate their
perception levels. The Likert scale ranged from “no perception” to “very high perception”
where in the middle of two lower and upper corners, “very low perception”, “low percep-
tion”, “medium perception”, and “high perception” were incorporated in this study. For
ease of analysis, the values of equivalent perception scales were varied; for example, 0 for
no, 1 for very low, 2 for low, 3 for medium, 4 for high, and 5 for very high, respectively.

The CCRPS was computed to justify the purpose using Equation (7):

Climate-Related Risk Perception Score (CRRPS)
= CRRPn× 0 + CRRPvl× 1 + CRRPl× 2 + CRRPm× 3 + CRRPh× 4 + CRRPvh× 5

(7)

where CRRPn = the number of participants with no perception;

CRRPvl = the number of participants with very low perception;
CRRPl = the number of participants with low perception;
CRRPm = the number of participants with medium perception;
CRRPh = the number of participants with high perception, and;
CRRPvh = the number of participants with very high perception of risk.

Since there were 150 respondents from Phulbari Upazila and 150 respondents from
Hatibandha Upazila, the CRRPS for any climatic phenomenon could be varied from 0 to 750
in both the Upazilas, which meant the lower boundary would be 0 and the upper boundary
would be 750, respectively. Afterward, we transformed the CRRPS into a standardized
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index for further explanation of the outcomes. To standardize the CRRPS, we applied
Equation (8):

CRRPI = (Total CRRPS Value)/ (Respective maximum CRRPS Value) × 100 (8)

where the total CRRPS value was computed by multiplying perception values with total
perception frequency against each climatic phenomenon, and the respective maximum
CRRPS value was computed by dividing the total CRRPS value by the uppermost max-
imum boundary value and multiplying it by 100. CRRPI allowed us to understand and
classify farmers’ perceived climate-related risks [39,42,49]. The CRRPI values ranged from
0 to 100, where 0 and 100 were the minimum and maximum levels of farmers’ perceived
climate-related risks in the study area.

3.6. Statistical Analyses

Statistical analyses, such as a descriptive analysis and the mean annual temperature
and annual rainfall datasets, were performed for 1984–2018 to compare these with farmers’
perceptions of the climate change variables. A general linear regression was performed to
obtain the mean temperature and rainfall trends. In this study, we used an MNL model
to reveal the factors influencing adaptation strategies that the farmers in the study region
adopted in their choices of adaptation strategies [9,52,53,56,57]. All statistical analyses
were performed using STATA (version 12) and MATLAB (version 2018a) software, and the
study map was prepared using ArcGIS (version 10.7).

3.7. Ethical Statement

Participants were informed of the particular purpose of this research before proceed-
ing to the questionnaire. Participants’ consent was acquired before the survey, and their
anonymity was established. The survey was done only once, and the survey could be
accomplished or ended whenever they wished. The questionnaire survey content and pro-
cedure were suitably reviewed and approved by the proposal assessment and ethical com-
mittee of the Department of Disaster Management of Begum Rokeya University, Rangpur.

4. Results
4.1. Demographic and Farm Profiles of the Respondents

The demographic and farm types of the farmers are outlined in Table 2. Most of the
respondents were in the age group of 41–50 years in both the Upazilas. The education level
of the respondents in both the Upazilas showed that only a small percentage had education
status above the secondary level. In the Phulbari and Hatibandha Upazila, about 23.3%
and 36% had primary education, and 26% and 24% had secondary education, respectively.
The majority of the respondents in both the Upazilas had four or five members in their
family. Still, the member ratio of more than six (>6) was higher in Phulbari Upazila (24.7%)
than in Hatibandha Upazila (12.7%). Farmers in Phulbari Upazila were less experienced in
farming than in Hatibandha (Table 2).

Most of the farmers relied on agricultural activities. For farmers’ monthly income lev-
els in the region, most households had income levels ranging from USD 47.05 to USD 70.58.
The streets and transportation are also insufficient in the region. Small machines that farm-
ers drive to market their goods primarily included vans, cycles, rickshaws, and tempos.
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Table 2. Demographic and farm characteristics of the study participants.

Upazila (Study Area)

Characteristics Categories Phulbari % Hatibandha %

Age (Years) <30 years 10 20.7
30–40 years 27.3 28
41–50 years 39.3 40
>50 years 23.3 11.3

Education Illiterate 38.7 27.3
Primary 23.3 36

Secondary 26 24
Higher-secondary 4 7.3

Graduation 8 5.3
Family members Three 18 17.3

Four 28.7 29.3
Five 21.3 30
Six 7.3 10.7

>Six 24.7 12.7
Earning members One 50.7 52

Two 33.3 40.7
Three 16 7.3

Income level (USD) Low (<35.29) 2 4.7
Lower middle
(35.29–47.05) 12 12.7

Upper middle
(47.05–70.58) 23.3 31.3

High (>70.58) 62.7 51.3
Land ownerships Own 76 69.3

Hire 9.3 12.7
Joint venture 14.7 18

Farming experience <20 years 28 42.7
20–30 years 33.3 35.3
>30 years 38.7 22

Plowing per year One 0.7 3.3
Twice 53.3 61.3

Thrice or more 46 35.3
Sources: Field Survey (2020), (income is depicted in Bangladeshi Taka; 1 USD = approx. 85 Taka as of 2 May 2021).

4.2. Farmers’ Perception about Climate Change

To investigate farmers’ perception of climate change, they were asked their opinion
on whether the temperature, rainfall, flood, and drought frequency in the region over the
last 30 years had increased, decreased, or did not change, or if they did not know. Figure 3
shows that most of the farmers in both the Upazilas perceived that the temperature and
drought intensity were increased over the last 30 years (Figure 3a). Regarding temperature
and drought in Phulbari Upazila, 93% and 69.87% of the farmers, respectively, perceived
an increase. The farmers observed irregularities in this climatic variable with time and
distribution, which caused solemn concerns for their farming plan. The study revealed that
the farmers perceived the rainfall as slightly decreasing, and that the flood frequency was
continually increasing due to the geographical transboundary river setting. In Phulbari
and Hatibandha Upazilas, 37% and 34% of the farmers respectively perceived that the
rainfall was decreasing. Regarding flood intensity, most of the respondents in Phulbari and
Hatibandha Upazilas perceived that flooding was increasing, and the ratios were 88.73%
and 94.68%, respectively.

More importantly, the farmers’ perception of rainfall and temperature changes was
also supported by the observed meteorological data. The observed datasets indicated that
annual mean temperature showed an upward trend (R2 = 0.2224, p < 0.05) from 1984 to
2018 in the study region (Figure 3b). By contrast, the mean rainfall exhibited a downward
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trend (R2 = 0.2277, p < 0.05) over the observation period (Figure 3c), which was in good
agreement with the farmers’ perceptions.
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4.3. Farmers Perceived Climate-Related Risks

On the basis of the modified climate-related risk perception score (CRRPS), we can
state that the farmers had very low to very high levels of sensitivity. In Phulbari Up-
azila, the results showed that the three climatic events; e.g., soil problems, crop pests,
and animal disease (score 300–388), had very low to medium sensitivity levels, while in
Hatibandha Upazila, only the soil problem (score 331) had the same level of sensitivity.
On the other hand, the remaining climatic phenomena in both the Upazilas had medium
to very high sensitivity levels: in Phulbari Upazila, the scores ranged from 444 to 543; and
in Hatibandha Upazila, 436 to 553.

The SCCRPI values in both the Upazilas represented that the farmers’ perceived
climate-related risk type was heterogeneous, and varied from 40–72.40 in Phulbari Upazila
and 44.13–73.73 in Hatibandha Upazila (Table 3). Most of the farmers in both Upazilas had
medium to very high risk perception index values (Table 3). Farmers rated various climatic
events such as droughts, floods, riverbank erosion, and other events on a scale of very
high, high, medium, low, and very low, depending on psychological, socio-economic, de-
mographic, and cultural factors [54]. Farmers in both Upazilas believed that soil problems,
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crop pests, and irrigation dangers were all serious threats to their agriculture industry
as a result of climate change. Several studies already stated this climate risk perception
based on Likert scales [2,38,39,46]. This study showed that the farmers of the Hatibandha
Upazila were most risk-prone to climatic events. The FGD also indicated that estimated in-
dex values for every climatic event matched with farmers’ accumulative responses. Table 3
shows the farmers’ perceived climate-related risk according to 10 prearranged climatic
phenomena, along with risk perception scores and risk index values.

Table 3. Climate change risk perceptions of farmers.

Phulbari Upazila

Respondents’ Risk Perception Frequency

Sl. No. Climate Events Very High High Medium Low Very Low No CCRPS SCCRPI Rank

1 Drought 36 50 37 20 7 0 538 71.73 2
2 Flood 22 46 39 19 15 9 464 61.87 5

3 Riverbank
erosion 28 44 31 25 13 9 472 62.93 4

4 Heatwaves 37 52 33 23 5 0 543 72.40 1
5 Lightning 18 34 46 31 21 0 447 59.60 6
6 Heavy storms 24 37 43 34 12 0 477 63.60 3
7 Soil problems 13 7 36 40 19 35 300 40.00 10
8 Crop pests 20 17 39 41 17 16 384 51.20 9
9 Animal diseases 14 31 35 36 17 17 388 51.73 8

10 Irrigation risks 23 31 39 31 26 0 444 59.20 7

Hatibandha Upazila

Sl. No. Climate events Very high High Medium Low Very low No CCRPS SCCRPI Rank

1 Drought 30 52 35 23 10 0 519 69.20 5
2 Flood 42 57 29 8 12 2 553 73.73 1

3 Riverbank
erosion 29 60 42 19 0 0 549 73.20 2

4 Heatwaves 24 69 38 14 5 0 543 72.40 3
5 Lightning 21 45 39 31 14 0 478 63.73 6
6 Heavy storms 35 43 45 20 7 0 529 70.53 4
7 Soil problems 15 11 35 41 25 23 331 44.13 10
8 Crop pests 24 27 39 39 13 8 436 58.13 9
9 Animal diseases 14 38 47 25 24 2 437 58.27 8

10 Irrigation risks 28 26 40 43 13 0 463 61.73 7

Afterward, we calculated the respective risk perception score and risk index value
for each climactic phenomenon; we ranked them on a 1–10 scale for sound understand-
ing and analysis. The CRRPI showed that in both the Upazilas, farmers perceived that
floods, droughts, riverbank erosion, heatwaves, crop pests, and irrigation risks were the
significant risks of climate change. In addition, different researchers found comparative
outcomes [2,38,39,58].

4.4. Perceived Impacts of Climate Change on Crop Production

Table 4 presents the farmers’ perceptions of the impacts of climate change on crop
production. Drought appeared as the main risk to crop production in the study area.
Respondents implied that rivers, channels, and dams with good water supply sources
for their agricultural fields were no longer adequate or had wholly dried up. Most of the
respondents stated that droughts impacted crop production “to a great extent”, and soil
conditions had become unsuitable for planting “little to some extent”. In addition, the
frequency of crop disease increased due to the incidence of pests and other climate-related
hazards, which made it difficult to produce quality crops. Thus, farmers incurred huge
income losses from farming.
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Table 4. Farmers’ perceived impacts of climate change on crop production.

Upazila (Study Area)

Perception of
Climate
Change

Impacts on
Crop Production

Phulbari % Min Ma Mean SD Mode Hatibandha % Min Max Mean SD Mode

There has been
an increase in

scarcity of
water

for production

To no extent 10 0.0 4.0 1.85 1.21 2 6.7 0.0 4.0 2.00 0.90 2
To a little

extent 15.3 16.7
To some extent 27.7 22

To a great
extent 41 50.7

To a very
great extent 6 4

The frequency
of crop

diseases
has increased

To no extent 6.7 0.0 4.0 2.18 1.09 2 1.3 0.0 4.0 2.16 0.99 2
To a little

extent 19.3 28
To some extent 36 34

To a great
extent 25.3 26.7

To a very
great extent 12.7 10

Yields from
crops have

largely reduced

To no extent 39.3 0.0 4.0 0.83 0.82 1 26 0.0 3.0 1.09 0.87 1
To a little

extent 42.7 46.7
To some extent 14.7 19.3

To a great
extent 2.7 8

To a very
great extent 0.7 0

Crops have
increasingly

been stressed
by

drought conditions

To no extent 4.7 0.0 4.0 2.30 1.01 2 1.3 0.0 4.0 2.31 0.91 2
To a little

extent 13.3 13.3
To some extent 26 20

To a great
extent 42.7 50

To a very
great extent 13.3 15.3

The incidence
of pests has risen

To no extent 4.7 0.0 4.0 1.98 1.00 2 4.7 0.0 4.0 2.13 1.03 2
To a little

extent 30.7 23.3
To some extent 33.3 36

To a great
extent 24.7 26

To a very
great extent 6.7 10

Timing of
planting has

been very
irregular in
recent years

To no extent 39.3 0.0 4.0 0.79 0.73 1 33.3 0.0 4.0 1.01 0.89 1
To a little

extent 43.3 36.7
To some extent 16.7 26

To a great
extent 0.7 3.3

To a very
great extent 0 0.7

Loss of farm
income or
earnings

To no extent 32 0.0 4.0 1.69 1.44 0 24.7 0.0 4.0 1.97 1.44 0
To a little

extent 16.7 15.3
To some extent 14 15.3

To a great
extent 25.3 28

To a very
great extent 12 16.7
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Table 4. Cont.

Upazila (Study Area)

Perception of
Climate
Change

Impacts on
Crop Production

Phulbari % Min Ma MeanSD Mode Hatibandha % Min Max Mean SD Mode

Soil condition
has become
unsuitable

for planting

To no extent 51.3 0.0 4.0 0.79 0.95 0 47.3 0.0 4.0 0.97 1.11 0
To a little

extent 24.7 22.7
To some
extent 19.3 16

To a great
extent 3.3 13.3

To a very
great extent 1.3 0.7

Drastic
decline

in sale of
farm Products

To no extent 42 0.0 4.0 0.87 0.94 0 39.3 0.0 3.0 1.03 1.06 0
To a little

extent 36 31.3
To some
extent 16.7 18

To a great
extent 3.3 9.3

To a very
great extent 2 2

Harvesting of
crops have

become
prolonged

To no extent 46.7 0.0 4.0 0.65 0.71 2 46.7 0.0 4.0 0.85 0.96 2
To a little

extent 43 38
To some
extent 10 15.3

To a great
extent 0 0

To a very
great extent 0 0

Quality crops
have become
increasingly
difficult to
produce

To no extent 8 0.0 4.0 2.33 1.11 0 3.3 0.0 4.0 2.30 0.91 3
To a little

extent 8.7 7.7
To some
extent 43.3 41.3

To a great
extent 22 26

To a very
great extent 18 21.7

Source: field survey (2020).

4.5. Adaptation Strategies Choices by the Farmers

The adaptation strategies that farmers chose to cope with climate change are out-
lined in Table 5. The survey results showed that a majority of the farmers in both the
Upazilas chose changing fertilizers and pesticides—37.3% in Phulbari Upazila and 40%
in Hatibandha Upazila. The ratio of increasing nonagricultural-income in the Phulbari
and Hatibandha Upazilas were 27% and 23%, respectively. In addition, 16% of farmers in
the Phulbari and 15% in Hatibandha Upazilas were changing their irrigation systems and
crop-planting times for better agricultural output.

The climate-tolerable crop variety and good seed quality brought the farmers excellent
agricultural output in the region. Table 5 shows that 11% of the farmers in Hatibandha
Upazila and 14.7% in Phulbari Upazila chose alteration of seed quality. Livestock rearing
and vegetable gardening were effective adaptation strategies to fight against climate change.
The results revealed that the livestock rearing and vegetable gardening ratio in Phulbari
Upazila was higher than in the Hatibandha Upazila, and the ratios were 9.3% and 6.6%,
respectively. Farmers reported that they used more irrigation for their crops during periods
of drought or extreme temperature, and particularly at swing steps while increasing crop
pests due to heavy rainfall and after flooding, farmers used more pesticides to protect their
crops from damage. In addition, farmers who were informed of soil problems reported
using changes in fertilizer to preserve soil fertility.
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Table 5. Distributions of farmers according to adaptation strategies.

Upazila (Study Area)

Sl. No. Adaptation Strategies Phulbari % Hatibandha %

1 Increasing nonagri. income 27 (18%) 23 (15.3%)
2 Altering crop varieties 11 (7.3%) 12 (8%)
3 Altering seed quality 17 (11.3%) 22 (14.7%)
4 Change fertilizers and pesticides 56 (37.3%) 60 (40%)

5 Change irrigation system and
planting time 16 (10.7%) 15 (10%)

6 Farm diversification 9 (6%) 8 (5.3%)

7 Livestock rearing and
vegetable gardening 14 (9.3%) 10 (6.6%)

4.6. Factors Influencing Farmers’ Choices of Adaptation Strategies

Table 6 shows the factors influencing farmers’ adaptation strategies for climate change
in the study area. The MNL model was noteworthy at a 1% level, which denoted that all
the independent variables jointly influenced the dependent variables. In both the Upazilas,
the age of the farmers was positively related to the increasing nonagricultural income,
changes in fertilizer and pesticides, and alterations of seed quality. In Phulbari Upazila,
a farmer’s age positively influenced increasing nonagricultural income (0.001, p < 0.05),
changing fertilizers and pesticides (0.003, p < 0.05), and alterations of seed quality (0.005,
p < 0.05); while in Hatibandha Upazila, increasing nonagricultural income (0.115, p < 0.1)
and changing fertilizers and pesticides (0.035, p < 0.05) were positively related to age, but
alteration of seed quality was conversely related to age (−g.082, p < 0.1). Thus, an increasing
farmer’s age in the both Upazilas increased their nonagricultural income, and the rate of
changing fertilizers and pesticides. Altering seed quality adaptation strategies is increasing,
which also is relative to livestock rearing and vegetable gardening adaptation strategies.
Evidence from various sources denoted a positive influence of a households’ education
level on climate change adaptation [50]. This indicated that farmers who had a higher level
of education were more expected to adapt better to climate change impacts. Education
levels in both Upazilas were positively related to irrigation systems and planting time
(0.064, p < 0.01 in Phulbari Upazila and 0.025, p < 0.05 in Hatibandha Upazila). Farmers’
farming experience was significantly related to three adaptation strategies in both the
Upazilas. In Phulbari and Hatibandha Upazilas, farming experience showed a significant
positive influence on changing fertilizers and pesticides (0.063, p < 0.1; 0.088, p < 0.05),
and changing irrigation systems and planting times (p < 0.05; p < 0.01). This revealed
that the farmers with increasing farming experience had adopted changing fertilizers and
pesticides, and changing irrigation systems and planting times, relative to livestock rearing
and vegetable gardening strategies, to combat climate change. Table 6 shows that credit
accessibility and using technology had no significant influence on adaption strategies in
the study area. The study showed that support from the government, nongovernment, and
others in both Upazilas had a positive relation with alteration of seed quality in Phulbari
Upazila (0.021, p < 0.1) and in Hatibandha Upazila (0.009, p < 0.1).

Table 6 shows that the family members had a positive relationship with increasing
nonagricultural income and alteration of crop varieties. In Phulbari and Hatibandha
Upazilas, for increasing nonagricultural income, the results were 0.019, p < 0.05 and
0.019, p < 0.05, respectively; and for alteration of crop varieties, 0.033, p < 0.05 and 0.016,
p < 0.01, respectively. The results revealed that increasing income level and land ownership
positively influenced all the adaptation strategies in the study region. Shiferaw and Holden
emphasized that wealth is assumed to represent prior achievement of the household head
and their capability to tolerate risks [59]. Thus, a household head with a high income
level and more assets is in a good position to choose adaptation strategies. The study also
found that farmers had more information on climate change, altered crop varieties, and
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changing irrigation and planting times. In Phulbari and Hatibandha Upazilas, farmers
that had more information of climate change made choices on alteration of crop varieties
(0.085, p < 0.05; 0.115, p < 0.05) and changing irrigation and planting times (0.007, p < 01;
0.175, p < 0.1) relative to livestock rearing and vegetable gardening adaptation strategies.
The outcome agreed with with earlier studies that showed that access to information via
additional services raises the probability of adapting to climate change impacts [60].

Table 6. Factors that influenced farmers’ choices of adaptation strategies for climate change using a multinomial logit model.

Phulbari Upazila

Explanatory Variables Adaptation Strategies (Dependent Variable)

Increasing Non-Agri. Income Alteration of Crop Varieties Alteration of Seed Quality

Coefficient Marginal Effect Coefficient Marginal Effect Coefficient Marginal Effect

Constant −15.57 **
(7.7)

−16.119 **
(8.038)

−16.3 **
(7.835)

Age 3.159 **
(1.407)

0.001 **
(0.053)

−2.807 **
(1.472)

−0.013 **
(0.041)

3.202 **
(1.433)

0.005
(0.049)

Education 1.599 *
(1.075)

0.046 *
(0.0333)

−1.39
(1.125)

0.014
(0.029)

−2.366 **
(1.105)

0.080 ***
(0.030)

Family members 1.507 **
(0.906)

0.019 **
(0.0312)

1.904 **
(0.933)

0.019 *
(0.022)

1.589 *
(0.917)

−0.024 *
(0.027)

Income level (Taka) 7.961 ***
(3.038)

−0.313 **
(25.381)

6.66 **
(3.022)

−0.052 *
(8.959)

8.274 ***
(3.06)

−0.098
(5.917)

Credit accessibility 3.882 *
(2.488)

−0.053 *
(0.101, 81)

−3.305
(2.598)

−0.047
(0.081)

−4.226
(2.524)

−0.013
(0.089)

Using technology −0.932
(1.547)

−0.475
(46.669)

0.581
(1.878)

−0.235
(16.473)

−0.787
(1.603)

−0.203
(10.879)

Support 0.507
(1.575)

0.0009
(0.084)

0.213
(1.713)

0.008
(0.061)

0.289 **
(1.623)

0.021 *
(0.076)

Land ownership 0.671
(1.021)

0.013
(0.060)

2.199 **
(1.069)

−0.038 **
(0.031)

0.805
(1.036)

0.014
(0.049)

Farming experience 2.542 **
(1.33)

0.069 **
(0.0675)

1.74
(1.431)

0.058
(0.048)

2.284
(1.377)

0.075
(0.060)

Information on
climate change

−0.184 **
(1.406)

0.066 *
(0.086)

2.001 *
(1.47)

0.085 *
(0.056)

0.42 *
(1.461)

0.023
(0.078)

Base category: livestock rearing and vegetable gardening

Hatibandha Upazila

Explanatory variables
Adaptation strategies (dependent variable)

Increasing non-agri. income Alteration of crop varieties Alteration of seed quality

Coefficient Marginal effect Coefficient Marginal effect Coefficient Marginal effect

Constant −4.649 *
(2.875)

−5.147 *
(2.799)

−9.195 ***
(3.204)

Age 0.641 *
(0.705)

0.115 *
(0.062)

−0.394 *
(0.75)

−0.044 *
(0.031)

0.292 *
(0.728)

−0.082 *
(0.039)

Education 0.204
(0.577)

0.030
(0.046)

0.121
(0.634)

0.012
(0.020)

0.347
(0.602)

0.011
(0.031)

Family members 1.559 ***
(0.536)

0.033 ***
(0.037)

1.324 ***
(0.542)

0.020 **
(0.016)

1.832 ***
(0.543)

0.0004 **
(0.024)

Income level (Taka) 1.527 **
(0.679)

−0.075 **
(0.064)

1.482 **
(0.717)

−0.020 **
(0.028)

1.716 **
(0.756)

−0.051 **
(0.046)

Credit accessibility −0.951 *
(1.35)

−0.215 **
(0.110)

0.329
(1.329)

−0.091
(0.060)

0.656 *
(1.632)

−0.149 *
(0.079)

Using technology 0.405
(1.713)

0.312
(0.224)

−1.921
(1.494)

0.132
(0.090)

−1.256
(1.615)

0.132
(0.154)
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Table 6. Cont.

Hatibandha Upazila

Explanatory variables
Adaptation strategies (dependent variable)

Increasing non-agri. income Alteration of crop varieties Alteration of seed quality

Coefficient Marginal effect Coefficient Marginal effect Coefficient Marginal effect

Support −2.843 ***
(1.103)

−0.059 **
(0.087)

−1.921 *
(1.134)

−0.038 *
(0.038)

3.023 ***
(1.135)

0.009 *
(0.060)

Land ownership 1 **
(0.71)

−0.107
(0.078)

0.227 **
(0.653)

−0.061 **
(0.028)

0.876
(0.699)

−0.065
(0.052)

Farming experience 0.686
(0.828)

0.132 *
(0.077)

0.33
(0.988)

0.052
(0.037)

0.922
(0.894)

0.056
(0.056)

Information on
climate change

2.772 ***
(1.052)

0.245 **
(0.114)

0.831 *
(0.989)

0.115 **
(0.056)

1.789 *
(1.014)

0.140
(0.077)

Base category: livestock rearing and vegetable gardening

Phulbari Upazila

Explanatory variables

Adaptation strategies (dependent variable)

Changing fertilizers
and pesticides

Changing irrigation systems
and planting times Farm diversification

Coefficient Marginal effect Coefficient Marginal effect Coefficient Marginal effect

Constant −13.739
(7.65)

−18.068 **
(8.334)

−89.466
(1965.62)

Age 3.414 ***
(1.395)

0.003 **
(0.046)

−2.903 **
(1.461)

−0.005 **
(0.035)

−3.281 **
(1.484)

0.020 **
(0.058)

Education −1.93 **
(1.068)

0.049 ***
(0.029)

2.971 ***
(1.141)

0.064 ***
(0.024)

1.151
(1.113)

0.032
(0.037)

Family members 1.703 **
(0.898)

−0.020 **
(0.026)

1.689
(0.923)

−0.013
(0.020)

1.648
(0.952)

−0.0306
(0.020)

Income level (Taka) 7.776 ***
(3.027)

−0.139 ***
(12.477)

9.299 ***
(3.148)

−0.125 *
(8.320)

22.548 **
(0)

−0.713
(50.350)

Credit accessibility −3.644
(2.452)

−0.040
(0.089)

−4.055
(2.576)

−0.019
(0.070)

−3.274
(2.758)

−0.048
(0.115)

Using technology 0.192
(1.489)

−0.299
(22.943)

−0.064
(1.708)

−0.203
(15.298)

12.902
(1965.60)

−0.801
(92.581)

Support 0.649
(1.549)

0.003
(0.075)

−0.305
(1.708)

0.021
(0.060)

0.946
(1.742)

−0.016
(0.089)

Land ownership 0.431
(1.011)

0.012
(0.049)

0.015
(1.156)

0.026
(0.042)

0.856 *
(1.184)

0.003 *
(0.066)

Farming experience 2.332 **
(1.305)

0.063 **
(0.060)

1.103 **
(1.417)

0.070
(0.056)

2.563
(1.471)

0.047
(0.042)

Information on
climate change

−0.676
(1.359)

0.055
(0.075)

0.405 **
(1.491)

0.007 **
(0.061)

−1.53
(1.584)

0.108
(0.087)

Base category: livestock rearing and vegetable gardening
LR chi2 (60) = 139.012 Prob > chi2 = 0.000

Log likelihood = 366.668 Pseudo R2 = 0.604

Hatibandha Upazila

Explanatory variables

Adaptation strategies (dependent variable)

Changing fertilizers
and pesticides

Changing irrigation systems
and planting times Farm diversification

Coefficient Marginal effect Coefficient Marginal effect Coefficient Marginal effect

Constant −3.965 *
(2.422)

−6.346 **
(3.027)

−2.688 **
(3.275)

Age 0.083 *
(0.636)

−0.066 *
(0.035)

−0.074 **
(0.732)

−0.088 *
(0.049)

−0.07
(0.772)

−0.086
(0.050)
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Table 6. Cont.

Hatibandha Upazila

Explanatory variables

Adaptation strategies (dependent variable)

Changing fertilizers
and pesticides

Changing irrigation systems
and planting times Farm diversification

Coefficient Marginal effect Coefficient Marginal effect Coefficient Marginal effect

Education −0.045
(0.543)

0.020
(0.026)

0.164 ***
(0.611)

0.025 **
(0.033)

0.234
(0.655)

0.027
(0.033)

Family members 1.284 ***
(0.506)

0.019 ***
(0.021)

1.671 *
(0.55)

0.016 *
(0.028)

1.134 **
(0.593)

0.026 **
(0.029)

Income level (Taka) 2.301 ***
(0.664)

−0.054 *
(0.037)

2.423 ***
(0.821)

−0.077
(.049)

2.494 ***
(0.926)

−0.074 **
(0.048)

Credit accessibility 0.53
(1.235)

−0.127
(0.067)

−0.161
(1.454)

−0.164
(0.088)

−0.072
(1.673)

−0.166
(0.096)

Using technology −1.629
(1.34)

0.190
(0.135)

−1.328
(1.798)

0.245
(0.177)

−2.487
(1.973)

0.259
(0.167)

Support −2.856 ***
(1.028)

−0.026
(0.051)

−2.541 **
(1.152)

−0.023
(0.067)

−1.952
(1.252)

−0.039
(0.068)

Land ownership 0.729
(0.583)

−0.059
(0.040)

−1.107
(0.71)

−0.071
(0.061)

−2.217 **
(1.122)

−0.074
(0.065)

Farming experience 0.568 **
(0.802)

0.088 **
(0.044)

0.171 ***
(0.921)

0.108
(0.058)

−0.97 **
(1.06)

0.120 **
(0.059)

Information on
climate change

1.175 **
(0.873)

0.141 **
(0.064)

1.383 **
(1.017)

0.175 **
(0.079)

2.059
(1.232)

0.184
(0.097)

Base category: livestock rearing and vegetable gardening
LR chi2 (60) = 117.62 Pseudo R2 = 0.604

Log likelihood = 396.739 Pseudo R2 = 0.544

* Significance at 10% level; ** significance at 5% level; *** significance at 1% level.

5. Discussion
5.1. Farmers Perception on Temperature and Rainfall Changes

It was noteworthy that farmers’ perceptions of temperature and rainfall variations
in the last three decades were similar to the observed changes, in that temperature is
increasing significantly, and rainfall is decreasing (Figure 2). A similar type of finding
was also reported by [2,61,62], which implies that farmer’s opinions were beneficial, and
their perceptions were consistent with the observed changes in temperature and rainfall
in Bangladesh. Similarly, [63,64] found a comparable farmer perception of climate change
at a global scale in which more accurate perceptions were seen in temperature compared
to rainfall.

In comparison, [61] revealed that household-level perceptions of precipitation and
winter temperatures in coastal Bangladesh were not well comparable with the recorded
dataset, which could have been due to a lack of knowledge and some other socio-economic
status. However, this study found a higher accuracy rate for climate change perceptions
among the farmers, better education and socio-economic status, living closer to the mar-
ket, using media, etc. The reasons for drought can be meteorological or hydrological,
which result in irregularities in temperature and rainfall; a high evaporation rate; or
groundwater depletion, all of which damage the agricultural sector and socio-economic
conditions [12,53,60,61]. The meteorological and hydrological drought combination results
in agricultural drought, which confines the loss of agricultural productivity to impacts
including low precipitation, humidity, evapotranspiration, soil moisture, etc. [65]. These
findings showed that farmers in the region face numerous drought risks associated with
socio-economic threats. This situation becomes exceptionally severe, as the farmers have
already lost agricultural productivity and farming income, with a probable further down-
ward trend in the future. The farmers in this region may remain vulnerable to severe
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drought if they are not able to develop appropriate adaptation strategies. So, external
support is essential for the farmers in the area to enhance their adaptation capacities.

5.2. Farmers’ Perceived Climate-Related Risk, Impacts, and Their Choices of Adaptation Strategies

Several studies [2,62,65–70] have identified that farmers’ perceptions of climate change
impacts and their adaptions play a crucial role in reducing climate change impacts on
crop production. Farm households’ reported numbers of risks revealed the significance
of climate-related situations for agricultural operation. The study revealed that floods,
droughts, riverbank erosion, heatwaves, and crop pests were the major climatic risks
of climate change perceived by the farmers in both the Upazilas. Farmers rated these
climatic occurrences on a scale of very high, high, medium, low, and very low, depending
on their demographic, cultural, and psychological aspects, and then made a decision to
implement adaptation measures to mitigate the risks and repercussions of climate change.
Comparative outcomes were found by different researchers [2,38,39,58,61,66]. On the
basis of the climate-related risk perception index (CRRPI) it was revealed that in Phulbari
Upazila, heatwaves, droughts, heavy storms, and riverbank erosion were the top climatic
risks. Floods, crop pests, animal diseases, and irrigation risks were also identified by the
farmers in both Upazilas. Similar results were reported in the studies of [71,72], which
indicated that farmers’ perceptions were comparable and reliable in formulating and
implementing adaptation policies and strategies. The maintenance of crop production is
essential for the farmers, but climate change is severely influencing it. The scarcity of water,
increasing crop diseases, reduced crop yields, increasing pest incidence, and changing
planting times were among the worst impacts due to climate-related risks such as droughts,
floods, heat waves, crop pests, etc., in both Upazilas. Farmers reported that in recent times,
the quality of crop production has been more complicated and climate change prolongs
crop harvesting. Another study conducted by [12] identified droughts as a major disaster
in northern Bangladesh that have more significant impacts on agriculture, social life, and
human health. If the effects of climate change on farming systems are not identified in a
cost-effective manner, it could seriously affect food production and food security, and also
might be a hindrance to poverty-reduction attempts.

Farm households have pursued many adaptation strategies in response to numerous
climate-related risks and impacts. In this study, we initially reported seven adaptation
strategies based on their farm experience, climate-related risk, impacts, and factors in-
cluding socio-demographic, cultural, and psychological. The adaptation strategies were:
increasing nonagricultural income, alteration of crop varieties, alteration of seed quality,
changing irrigation systems and planting times, and farm diversification, which reduced
the impacts and vulnerabilities of the crop production as well as socio-economic damages
due to climate change. Farmers’ practices included all these measurements at various times;
for example, in livestock rearing and vegetable gardening in the short- and medium-terms,
their practices were to change crop varieties, alter seed quality, change irrigation systems
and planting times, etc. The study revealed that changing fertilizers and pesticides was the
topmost adaptation strategy taken by farmers that resulted in increasing crops yields and
helped to protect crops from diseases and pests. Farmers also changed fertilizer and pesti-
cide brands and increased doses in a systematic ways, which resulted in better crop outputs.
The salient feature of this study was that it identified the factors that influenced farmers in
their choices of climate change adaptation. Age, income level, family members, farming
experience, and climate change information positively affected farmers when choosing
those adaptation strategies to combat the impacts of climate change [64]. The age of the
farmers was positively related to increasing nonagricultural income, changing fertilizers
and pesticides, and alteration of seed quality, which indicated that with an increasing age
of the farmers, they chose these strategies more relative to livestock rearing and vegetable
gardening. The different studies found that if the household head had a higher education,
it positively influenced climate change adaptation [57]. The study also found similar re-
sults in that education positively influenced the farmers to change irrigation systems and



Sustainability 2021, 13, 11922 20 of 24

planting times, and change fertilizers and pesticides in the region. Family members had
a positive relationship with increasing nonagricultural income and farm diversification,
which denoted that increasing family members also increased nonagricultural income
and farm diversification, which improved the livelihood standards of the farmers. The
study also found that farmers had more information on climate change, and that they had
increased the likelihood of adopting strategies to climate change [60]. Strategies to increase
nonagricultural income, which were practiced by the farmers, could be for short or long
periods, depending on the risk scenarios. The farmers practiced increasing nonagricultural
income to decrease agricultural dependency, and changed fertilizers, pesticides, and irriga-
tion systems, which helped them to cope with climate change with resiliency (Figure 4).
Farmers in the region adopted changing irrigation systems during drought events, while
during flood events, they adopted nonagricultural income. The implementation of these
adaptation measures at the right time can help to mitigate the future negative effects of
climate change in the study region.
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6. Limitations of the Study

This work had some limitations, such as a small sample size, a self-reported question-
naire that was prone to bias, and cross-sectional data. However, necessary steps were taken
to solve the problems associated with cross-sectional survey data, resulting in rigorous
results. In this study mostly socio-economic variables were considered for analysis, but
there might have been other variables that influenced farmers’ adaptation strategies. The
wider generalization of the results should be interpreted with caution, because the data
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were collected mainly from farm households in the Phulbari and Hatibandha Upazilas
of Bangladesh.

7. Conclusions and Policy Recommendations

This study examined smallholder farmers’ perceptions of climate-related risks, their
influence on agriculture, and their adaptation strategies for dealing with the adverse impact
of climatic hazards on their farms. A total of 380 households were surveyed. The study
revealed that climate change has a detrimental effect on the agricultural sectors, particularly
on rural farmers in northern region of Bangladesh. CCRPI values revealed that floods,
droughts, riverbank erosion, heatwaves, and attraction of crop pests were the significant
risks of climate change perceived by the farmers. These events have a substantial impact
on their agricultural activities. Farm households’ perceived risks related to climate change
were further supported by the meteorological data in the study area. The study revealed
that water shortages in the dry period and the frequency of crop diseases were the major
restrictive factors on crop production faced by the farmers. Farmers in the region identified
changing fertilizers and insecticides as the most effective adaptation techniques. Results
from MNL analyses indicated that education, information on climate change, and age were
the factors that positively influenced farmers’ choices of adaptation strategies. Extension
services managed by experienced and skilled extension mediators would be encouraged
to instruct and sensitize farmers about the impact of climate change on agriculture, as
well as to teach efficient use of farm inputs such as farm chemicals, the unnecessary use
of which could worsen the impact of climate change on farming production in the future.
For long-term climate adaptability of the farmers, nonformal education services would
provide a future resiliency. The modern irrigation system and rainwater harvesting could
be introduced by the government in this region. It is essential to make the farmers aware of
the climate risks and provide early warnings associated with natural disasters to diminish
farming and livestock losses. The farmers could also offer information about flood- and
drought-tolerant, high-yield crop varieties to improve soil quality and irrigation tools for
the sustainability of farming.

8. Highlights

• Climate-related risk perception index was constructed to assess farmer’s perceived risk
• The multi-nominal logit model identified the factor influencing adaptation strategies
• Flood, drought, riverbank erosion, and heat wave were the key risk perceived by

the farmers.
• Adaptation strategies were affected by farmer’s ability to respond to climatic hazards
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