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Abstract 
Background/Objectives: Climate change remains a key challenge towards the sustainable development of Bangladesh's agriculture sector. Hence, effective adaptation strategies are pertinent to the resilient livelihood of farmers. This research addresses farmers’ perceptions about climate change and its effects and factors that influence their decision to embrace appropriate adaptation strategies.
Methods/Statistical analysis: The research was based on an analysis of a survey of 100 farmers from two villages of Dinajpur- a northwestern district of Bangladesh facing damaging impacts of recurrent droughts and floods. The research was also supported by five key informant interviews with relevant stakeholders. Multiple linear regression analysis was done using SPSS to explore the contributing relationship between variables.
Findings: Findings from the study highlight that farmers could discuss the changing temperature and rainfall patterns in the area. Their perception of climate change strongly influenced their decision to adopt adaptation strategies. Farmers mostly adopted strategies like changing cropping patterns, solar irrigation on a sharing basis, planting higher-yielding and drought-tolerant varieties, buying certified seeds, using chemicals, fertilizers, and modern technologies. The regression analysis results showed that age, literacy level, ownership of land, monthly income, financial loan, and climate change perception influenced the farmers’ decision-making to implement adaptation strategies.
Novelty/Applications: This research suggests that educators and policymakers focus on interventions, rewards, integration, and policies that strengthen farmers’ ability to increase adaptation practices.
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1. Introduction 
The agriculture sector plays a fundamental role in Bangladesh's economic growth as it has a significant contribution to the GDP, employment, and livelihood security. This sector constitutes 10.11% of its GDP and offers 42% of overall employment, according to Bangladesh Economic Review 2019 (Ministry of Finance, Government of Bangladesh2019, 2019). There has been a three-fold increase in food production in the country over the last few decades (Kabir, et al., 2015). Depending on unique soil and weather conditions, the country has thirty agro-ecological zones that ensure diverse cropping patterns and production (Shirazy, Islam, Dewan, & Shahidullah, 2017). However, the sector is increasingly confronting the effects of climate change. Bangladesh is often ranked as one of the ‘most at risk’ countries globally due to climate change (Eckstein, Künzel, & Schäfer, 2020). The agriculture sector is the most vulnerable since agricultural goods' production and distribution are likely to be heavily impacted by climate change (Tai, Martin, & Heald , 2014). There is a high degree of consensus among scientists and policymakers that the changing climate will severely alter its ability to maintain the current agricultural growth. Changing temperature and rainfall patterns, salinity intrusion, increasing frequency and magnitude of floods and cyclones, and recurrent drought will have a heavy toll on the agricultural production system. IPCC estimates that, by 2050, rice production in Bangladesh could decline by 8% and wheat by 32% (against the base year of 1990) due to climate change effects (Hoque, 2016).
In response to climate change effects, adaptation is a crucial strategy. Adaptation in agriculture is already mainstreamed in various national policy documents of Bangladesh. The widely accepted definition of adaptation is “the process through which people reduce the adverse effects of climate on their health and well-being and take advantage of the opportunities that their climatic environment provides” (Burton, Huq, Lim, Pilifosova, & Schipper, 2002). A plethora of research indicates that adaptation effectively reduces vulnerability by enhancing crop production outcomes (Wheeler, Zuo, & Bjornlund, 2013). Bangladesh has been at the forefront of adaptation discussion and actively implementing adaptation policies like Bangladesh Climate Change Strategy and Action Plan (BCCSAP) and National Adaptation Programme Action (NAPA) (Islam & Nursey-Brey, 2017). Under these plans and policies, the country has designed and implemented various adaptation strategies concerning floods and cyclones. However, appropriate adaptation strategies in the face of drought did not get much attention until recent times. 
Given the circumstances above, this research explores the effects of climate change on farmers and investigates the farmers' adaptation strategies in a drought-prone region (Dinajpur district) of Bangladesh in 2019. A clear understanding of farmers' adaptation strategies while facing recurrent droughts and relevant influencing factors is critical for policymaking, implementation, and sustainable outcomes. 
2. Materials and Methods 
2.1. Survey design and data collection
Through a reconnaissance survey, two villages were selected from the Dinajpur district of Bangladesh. The district is in the northwest of the country and is affected by recurrent droughts and floods (Afrin, Hossain, & Mamun, 2018). The district faces a prolonged winter season and a shorter rainy season, making irrigation water scarcer [3]. In the beginning, information about the farmers from the local (sub-district) Agriculture Office was collected. The total number of families dependent on agriculture in the selected villages was more than seven hundred. However, one hundred farmers were selected and interviewed using a semi-structured questionnaire. Respondents were randomly selected from the list of farmers collected from the local agriculture office. In addition to the interviews, five key informant interviews (KII) were also conducted with officers from regional agriculture offices and local leaders. The respondents' data were coded, compiled, tabulated, and analyzed according to the study's objectives. The data collection process was completed in February 2020.
2.2. Statistical analysis 
SPSS (Version 22.0) was used to analyze the collected data. The analyses include descriptive statistics- such as mean, number, standard deviation, range, and percentage- and regression analysis. Multiple linear regression analysis was conducted to explore the contributing relationship between variables. Throughout the study, P<0.05 as 95% of probability was used as a basis for rejecting or accepting the null hypothesis. The survey questionnaire consisted of four components: socio-economic background of the farmers, perception about climate change, effects of climate change on farming, and adaptation strategies taken by the farmers, and its importance. Farmer’s extent or degree of adopting adaptation strategies was chosen as the dependent variable. A list of adaptation strategies was prepared and ascertained into the questionnaire for the survey through a detailed review of literature and consultation with experts. Response options for adaptation measures by the farmers were allocated on a continuum (Likert scale) as high, medium, low, and not at all, and 3, 2, 1, and 0 scores were assigned, respectively. In the survey questionnaire, there was a dichotomous (yes/no) question about farmers adopting each of the pre-identified adaptation strategies in the face of climate change. Hence, farmers’ adaptation to climate change was considered a dependent dummy variable, and a value of 1 indicated that farmers took at least one adaptation strategy, whereas a value of 0 suggested that farmers did not take any adaptation strategy. The explanatory variables included socio-demographic factors like age, education, income, financial condition, land ownership, and climate change perception.
3. Results and Discussion 
3.1. Socio-economic characteristics
In climate change adaptation-related discussion in the agriculture sector, age is essential. The study found that more than half of the respondents (52%) were in 31-50. Around 13% of respondents were above 50 years of age. On the other hand, more than half of the respondents (58%) had farming experiences of durations between 20-30 years. Among the respondents, 66.7% cultivated their land, 30% were doing on others’ land, and the rest provided supporting labor in agriculture. About 40% of the respondents never received any formal education, but they learned how to write their names. Around 71% of them had a monthly income of less than 10,000 BDT. In contrast, 98.3% of respondents had a monthly expenditure of about 10,000 BDT. 47% of respondents had alternative income sources that included shopkeeping, pulling van, and selling goods in local markets. 41.3% of the respondents had land around 170 decimals, and 33% had 170-240 decimal land. 84% of the respondents did not have any financial savings, and 51.7% had financial loans. The high-interest loans were primarily taken from local cooperatives and NGOs. 
3.2. Effect of Climate Change on Agriculture
Agriculture is one of the most vulnerable sectors as its productivity depends on climatic factors like temperature, rainfall, light intensity, radiation, and sunshine duration, which are predicted to be erratic. Though there has been a substantial increase in Bangladesh's agricultural production, climate change remains a significant threat [2]. Hence, this is essential to explore preconceived notions of climate change among farmers and its implications for choosing the appropriate agricultural adaptation technique. The study revealed that 53.3% of the respondents heard about climate change. It was found that 89% of the respondents observed warmer and more humid weather.   Farmers’ responses regarding temperature were consistent with the results of climate records of the study area. It is evident from the climatic data that the Dinajpur district's temperature has a very slowly decreasing rate in general. However, the annual frequency of days with a maximum temperature of more than 36°C in Dinajpur has a definite increasing trend from 2002, mainly from March to July [11]. The number of non-rainy days has also sharply increased between 1981 – 2016 in Dinajpur (Karmakar, 2019). Another 25% of the respondents indicated that the number of days without rainfall has risen in recent years, and floods are now more unpredictable. 30% of the respondent observed increased lightning events in recent years. Various climate models suggest that the intensity of lightning is positively correlated with surface temperature, and it may increase by 10% for every one-degree global warming (Price, 2009). Climate change has been severely challenging the country’s ability to achieve the flow of growth in agriculture. Increasing temperature, changing rainfall patterns, and sea-level rise, coupled with increased flooding, frequent cyclones, rising salinity in coastal belts, and recurrent drought in the North West region, are likely to reduce crop yields and crop production (Shirazy, Islam, Dewan, & Shahidullah, 2017). The study found that farmers perceived an increased cost of production (62.7%), difficulty in irrigation (44.3%), increased use of chemicals and fertilizers (61.3%), increased financial loans (31.1%), increased mental stress (21%), increased pest infestation (33.2%), more physical labor (23.3%) and less production (17.1%) due to change in temperature [Figure 1]. Some of these effects were intertwined. For instance, more investment in irrigation and purchasing chemicals and fertilizers increased the overall production cost leaving farmers with less profit. Therefore, they fall into the vicious cycle of taking financial loans from multiple entities, causing higher mental stress.
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Figure 1 Farmers’ perception regarding the effects of climate change on agriculture


Nearly 60% of the respondents believed that cultivation has now become more complex and challenging.  Warmer weather conditions have made surface water scarcer and forced farmers to rely more on groundwater that made the irrigation process costlier. Besides, the study area is located on highlands and is a flood-free zone. According to a recent study, there has been a 90% increase in groundwater-based irrigation since 1980 in Bangladesh's northwest region, including Dinajpur (Mojid , Parvez , Mainuddin , & Hodgson , 2019). It is also overserved that Dinajpur has the highest level of a falling trend of groundwater table among all northwest region districts in Bangladesh. Farmers now use more chemicals and fertilizers due to the emergence of new diseases along with the uncontrollable rise of pests. The efficiency of pesticides is strongly associated with environmental conditions. It is reported that pesticides' efficiency decreases when the temperature rises and  enriches (Matzrafi, 2018). More use of pesticides and chemicals has undoubtedly increased the cost of agricultural production. According to the farmers and key informants, wheat cultivation begins in November, and the increased rat population has severely affected wheat cultivation in the study area in recent years. Rat survival and reproduction decrease with temperature increase from June to October, which shifts their reproduction in August and September (Hearnshaw & Wodzicka-Tomaszewska, 1973). Thus, this increases the likelihood of wheat damage as the rat population survived and reproduced in large numbers in subsequent months. 
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Table 1 Crop calendar based on the farmers' responses.
	Bengali & English Months →
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(May – June)
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(June – July)
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(July – Aug)
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(Aug – Sept)
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(Sept-Oct)
	Kartik
(Oct – Nov)
	Ogrohayon
(Nov – Dec)
	Poush
(Dec – Jan)
	Magh
(Jan – Feb)
	Falgun
(Feb – March)
	Chaitra
(March – April)
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3.3. Adaptation strategies to climate change effects 
Adaptation is the adjustment in ecological, social, or economic systems to actual or expected climatic stimuli and their effects (Berrang-Ford, Ford, & Paterson, 2011). This term refers to changes in processes, practices, or structures to moderate or offset potential damages or to take advantage of opportunities associated with climate change. A majority (77.5%) of the respondents said they had adopted at least one adaptation strategy from the list used in this study. The adaptation strategies were changing cropping patterns, planting higher-yielding varieties, buying certified seeds, using community irrigation systems, using chemicals and fertilizers, growing drought-tolerant species, using organic fertilizers, and producing short-duration crops, moving to non-farm activities, training from the Department of Agriculture Extension and having crop insurance. The crop calendar [Table 1] developed based on the interview findings indicates the farmers' cropping intensification. It is also evident from different studies that cropping intensity (CI) in the Dinajpur region is higher than the national CI average (Shirazy, Islam, Dewan, & Shahidullah, 2017).
In this study, respondents were asked about the relative importance of each adaptation strategy using the following Equation.
  	[Equation.1]
In the formula, ASI is the adaptation strategy index,  is the frequency of farmers indicating no importance for adaptation strategy,   is the frequency of farmers rating low importance for adaptation strategy,   is the frequency of farmers rating adaptation strategy with medium importance and  is the frequency of rating adaptation strategy with high importance by farmers. The calculated adaptation strategy index is presented in Table 2.
Table 2 Adaptation Strategy Index based on the responses.
	Adaptation Strategies
	Importance of the Strategy (n=79)
	ASI
	Rank

	
	High
	Medium
	Low
	No
	
	

	Changing cropping pattern
	76
	3
	-
	-
	234
	1

	Seed management (HYV, certified seeds)
	69
	5
	3
	-
	220
	2

	Use of chemicals and fertilizers
	62
	10
	7
	-
	213
	3

	Irrigation management
	58
	12
	6
	3
	204
	4

	Producing short duration crops
	51
	11
	9
	8
	184
	6

	Drought tolerant species
	43
	14
	13
	9
	169
	5

	Use of organic fertilizers
	33
	17
	11
	18
	144
	7

	Moved to non-farm activities
	28
	21
	16
	14
	142
	8

	Training from DoA
	15
	17
	38
	9
	117
	9

	Crop insurance
	0
	1
	3
	75
	5
	10


Farmers were keen to adopt modern technologies for cultivation gradually. Since the technologies are costly, poor farmers could not afford expensive technologies. Therefore, a medium business of renting such technologies to farmers owned mainly by influential people and wealthy farmers evolved. Such modern technologies include plowing machines (rent 675 BDT per hectare), crop planting machines (rent 780 BDT per hectare), paddy harvesting machines (rent 450 BDT per hectare), and rice husking machine (rent 300 BDT per 10 kg rice). There has been an increasing application of chemicals on land for higher yield as the number of pest attacks has also increased. Local stores and pharmacies were the primary sources of chemicals to the farmers, and the storekeepers were utterly unaware of the safe dose limits of these chemicals and pesticides. Dealers of national and international companies advertise their products in the local market. They use different marketing methods to draw farmers' attention, including arranging street dramas, lecture sessions, and video commercials. However, no information about the safe dose limits and the harmful consequences of chemicals is not addressed. A culture of marketing practices that lacked responsible business philosophy among the companies doing agribusiness has emerged. Farmers rarely visit local agricultural offices for farming needs. Farmers do not take any measurement method into account while they use chemicals on the land.
In contrast to farmers' argument of increasing pests, agricultural experts pointed out that using antibiotics on land without following any standard measurement makes the pest control efforts inefficient. Pests with greater strength affect crops, and the farmers repeatedly follow the process of chemical use to tackle the situation, staying blindfolded about the consequences. Through a multiple linear regression analysis, the contributing factors in the relationship between selected independent variables (age, literacy level, monthly income, financial loans, amount of land owned, alternative income, and basic knowledge about climate change) and farmers’ adaptation strategy (dependent variable) were explored in this study [Table 3].
It was revealed that farmers’ age is positive and significantly related to adaptation strategies to climate change effects. It indicates that with increasing farming experience, the probability of undertaking adaptation strategies increases. Since most of the respondents belong to the middle age group and above, they have had more farming experience in changing climate. It is evident from several studies that with age, farmers gain years of experience in agriculture, and farming experience increases the probability of adopting more improved and diverse agricultural strategies (Deressa, Hassan, Alemu, Yesuf, & Ringler, 2008).
Table 3 Contributing factors behind farmers' adaptation strategy adoption
	
Independent Variables
	Adaptation Strategies

	
	B
	S.E
	p

	Age
	0.110
	0.067
	0.709

	Literacy level
	0.153
	0.065
	0.039

	Monthly income
	0.872
	0.559
	0.249

	Alternative income
	-0.565
	0.542
	0.298

	Financial loan
	-0.146
	0.648
	0.822

	Amount of own cultivable land
	-0.091
	0.597
	0.879

	Perception about climate change
	0.747
	0.538
	0.165


It is seen from the results that the level of literacy has a positive relationship with the employment of adaptation strategies. A plethora of research indicates that a higher literacy level ensures access to improved agricultural technologies (Norris & Batie, 1987). Farmers with higher literacy levels can anticipate the possible effects of changing climate and are aware of available adaptation strategies to employ beforehand. In this study, farmers' monthly income has a positive and highly significant relationship with the likelihood of undertaking suitable adaptation measures. Higher-income ensures more investment in agricultural technologies for better yield (Nhemachena & Hassan, 2008). In this study, respondents with higher income mentioned adopting expensive technologies such as planting and plowing machines, buying certified seeds, using solar irrigation, and planting drought-tolerant species.
In contrast, respondents who have alternative income sources tend to adopt fewer adaptation strategies. These respondents were interested in investing more in non-farm activities, and therefore they undertook fewer adaptation strategies. Farmers who were in debt are less likely to employ adaptation strategies to climate change effects. Farmers who own more impoverished land, less income or higher expenditure, and limited livelihood options usually take loans and sometimes from informal sources with very high interest rates. Such a system of taking loans puts them in a problematic situation while limiting their adaptation choices (Karki, Burton, Mackey, & Adam, 2020). It is well-evident that farmers’ climate change beliefs and perception of weather variability overwhelmingly influence their adaptation strategies (Mase, Gramig, & Prokopy, 2017). The regression analysis result shows a positive and highly significant relationship between farmers' perception of climate change and adaptive strategies for climate change.
4. Conclusion 
This research analyzed farmers' perceptions about climate change, the effects of climate change, adaptation strategies employed by the farmers in two villages of Dinajpur district, Bangladesh. It is evident from various sources that the study area's climate is changing, and farmers increasingly face droughts, floods, and lightning. It was found that most of the respondents observed warmer and more humid weather.   Farmers’ responses regarding temperature were consistent with the results of climate records of the study area. The study found that farmers perceived an increased production cost, difficulty in irrigation, increased use of chemicals and fertilizers, increased financial loans, increased mental stress, increased pest infestation, more physical labor, and less production due to change in temperature and rainfall pattern. The empirical results indicated that farmers were not aware of the consequences of overuse or misuse of chemicals and fertilizers on land. A good number of low-income farmers were not able to buy modern technologies for cultivation. Hence, a wealthy group of people has established a market for renting various equipment for cultivation and harvesting. It was found that farmers use both indigenous and planned adaptation strategies in the study area. The common adaptation strategies are changing cropping patterns, using higher-yielding varieties, using certified seeds, using chemicals and fertilizers, community solar irrigation, and planting drought-tolerant species. Local agricultural offices promoted many of these adaptation strategies, and farmers themselves adopted some. According to the adaptation strategy index measured in this study, the most common and highly preferred adaptation methods were changing cropping patterns, planting higher-yielding varieties, adopting a community irrigation system, and planting shorter-duration crops. The regression analysis shows that farmers’ perception and knowledge about climate change increased the probability of undertaking adaptation strategies. With age and education level, farmers have improved access to helpful information about agriculture in a climate change situation. It is also identified that there is a communication gap between farmers and the institutional actors, which hinders the expected development in agriculture. Therefore, it is recommended that creating a bridge between farmers and local agricultural institutions will enhance agricultural productivity through more robust adaptation initiatives. This study suggests further research on farmers’ knowledge of adaptation in the context of climate change, the effectiveness of planned adaptation initiatives, and the identification of possible maladaptation practices. This academic study is expected to be a potential source of information better to understand the grassroots-level changes in farming practices. It is believed to provide food for thought for the policymakers in Bangladesh to integrate more drought-tolerant strategies in the national adaptation plan. 
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