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Abstract:

 Offering a case study of coastal Bangladesh, this study examines the adaptation of agriculturalists to degrading environmental conditions likely to be caused or exacerbated under global climate change. It examines four central components: (1) the rate of self-reported adoption of adaptive mechanisms (coping strategies) as a result of changes in climate; (2) ranking the potential coping strategies based on their perceived importance to agricultural enterprises; (3) identification the socio-economic factors associated with adoption of coping strategies, and (4) ranking potential constraints to adoption of coping strategies based on farmers’ reporting on the degree to which they face these constraints. As a preliminary matter, this paper also reports on the perceptions of farmers in the study about their experiences with climatic change. The research area is comprised of three villages in the coastal region (Sathkhira district), a geographic region which climate change literature has highlighted as prone to accelerated degradation. One-hundred (100) farmers participated in the project’s survey, from which the data was used to calculate weighted indexes for rankings and to perform logistic regression. The rankings, model results, and descriptive statistics, are reported here. Results showed that a majority of the farmers self-identified as having engaged in adaptive behavior. Out of 14 adaptation strategies, irrigation ranked first among farm adaptive measures, while crop insurance has ranked as least utilized. The logit model explained that out of eight factors surveyed, age, education, family size, farm size, family income, and involvement in cooperatives were significantly related to self-reported adaptation. Despite different support and technological interventions being available, lack of available water, shortage of cultivable land, and unpredictable weather ranked highest as the respondent group’s constraints to coping with environmental degradation and change effects. These results provide policy makers and development service providers with important insight, which can be used to better target interventions which build promote or facilitate the adoption of coping mechanisms with potential to build resiliency to changing climate and resulting environmental impacts.
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1. Introduction

The Intergovernmental Panel on Climate Change [1] forecasts that developing countries, like Bangladesh, will continue to be affected by extreme weather variability such as temperature, severe water shortage, and flood-inducing rainfall events during the coming decades. Weather variability and sea-level rise are the most pressing predicted consequences of climate change with a 0.6 °C global temperature change, 2% to 3% precipitation increase of the tropical latitudes and 3% precipitation decrease in subtropical areas within the 20th century. Scenarios predict global temperature could increase between 1.4 °C and 5.8 °C by the end of the 21st century [2]. About 10 to 25 millimeters of sea-level rise was observed over the 20th century and models predict continued rise in a range of anywhere from 20 to 90 centimeters within the 21st century [3]. Similarly, the most recent IPCC report has noted empirical models forecasting a lengthening and intensification of precipitation periods, notably the Indian/South Asian subsystem of the Asian-Australian Monsoon. The inundation of land areas through sea-level rise and increased precipitation is not the only worrisome effect of global climate change; the literature reviewed and reported by the IPCC also notes drought events as well. In the final decades of the 20th century roughly 2.7 million ha of land in Bangladesh alone were vulnerable to annual drought with a 10% probability that 41%–50% of the country experiencing drought in a given year and those figures are forecast to increase in both geographic scope and event intensity [3,4]. Critically for this study, the Indian/South Asian summer monsoon subsystem “is known to have undergone abrupt shifts, giving rise to prolonged and intense droughts”. The investigations reported in the 2013 IPCC report come to central conclusion about the South Asian region under global climate change models: “normal” monsoon seasons are seen as less likely, leaving uncertainty about the extremes to be experienced in the region [3].

The prediction of climatic changes have the potential to severely affect countries highly dependent upon agrarian livelihoods, resulting in food shortages, among other consequences. Therefore, people who depend on farming activities will require a variety of adaptation strategies to mitigate the negative effects of climate change effects and maintain the livelihoods of farming families. Different modern technologies have been developed and introduced at the farm level in order to achieve target measures of the Millennium Development Goals [5]. Specific adaptation strategies to climate change effects include changing the timing of planting and using heat and drought resistant varieties [6,7,8,9] with new cultivars having been selected and applied for the same purposes [10,11]. Practicing soil and water conservation techniques [12], fertilizer use, irrigation [9,13] and diversification to non-farm activities [7,14] are also adaptation strategies that have been practiced at farm level in response to climate change.

Bangladesh is considered to be one of the countries most vulnerable to climate change and its effects on environmental degradation because of its geographic location. These impacts on average temperature and precipitation have a baseline impact on the productive capacity of agricultural activity, altering the underlying yield expectations and risk regimes faced by farmers [15]. Additionally, the region faces recurrent, climate-related natural disasters; about 174 events such as floods, droughts, and cyclones, have affected Bangladesh from 1974 to 2007. These natural disasters have damaged agriculture and its production in ways that severely affected the farming activities and national economy as well [16,17]. By way of example, cyclones hit Bangladesh, on average, every three years, causing serious damage to the people, infrastructure, and agriculture of the country. In 1970 and 1991, cyclones killed 500,000 and 140,000 people, respectively [18,19]. An estimate made by the Government of Bangladesh (GoB) about the destruction and loss in the country due to the Cyclone Sidr [16] found significant damage to infrastructures, assets, and loss of production; specifically within the agricultural sector these losses were valued at US $438 million, which accounts for approximately 95% of the total losses to all sectors. Table 1 indicates the sector-wide values (in millions of US Dollars) of damage and economic losses in agriculture. The frequency and magnitude of such climate-related natural disaster events are likely to be affected by global climate change, compounding the baseline effects on agricultural production which can be expected under global climate change models.


Table 1. Estimated damage and losses of agriculture during Cyclone Sidr in Bangladesh. Sources: Government of Bangladesh (GoB), 2008 [16].



	
Name of the Sub-Sectors

	
Disaster Effects ( Million US$)




	
Damage

	
Loss

	
Total






	
Crop

	
-

	
411.60

	
411.60




	
Livestock

	
19.30

	
-

	
19.30




	
Fisheries

	
2.00

	
4.70

	
6.70




	
Total

	
21.30

	
416.30

	
437.60











Frequent natural hazards due to climate change affect agricultural enterprises and, subsequently, the key to agricultural production activities- farm households- are also severely affected. Some farm households have already altered their production strategies in response to environmental degradation (regardless of cause) and weather variability associated with climate change effects. Such changes in production strategies are referred to in this paper as coping strategies. Choices about management practices, enterprise types, and genetic varieties of crops, have been adapted by farmers according to soil properties, location, and climatic conditions. Proper management systems such as weeding, mulching, irrigation with fresh water, and thinning applied by the farmers can help overcome salinity and drought. Recently, a number of varietals adapted for salinity and drought tolerance have been used for planting, but it is not widespread throughout the country [17]. Farmers’ responses to climate change effects, as well as use of adaptation strategies, are influenced by their socio-economic characteristics, with knowledge of the farmers being the most influential [20].

There is a growing consensus that neither sound technological protocols, nor local techniques, suffice per se to enhance farmers' capacity to overcome climate related risks and challenges. The integration of sound technological solutions with local practices is increasingly identified as a more-necessary pathway. In Bangladesh, research and development programs are tailored to provide technological solutions to farmers through cooperative extension systems and other means, leading farmers in Bangladesh to implement various coping strategies [21,22], strategies which have been identified within the prevailing literature as potential avenues for mitigating climate change effects. However, the empirical research regarding these adaption strategies has not documented how farmers adapt their farming practices in relation to the continuous and sudden changes in climatic events, nor identified what are the important socio-economic factors which contribute (or hinder) their adaptation. While largely absent, what little evidence does exist is mostly anecdotal. Therefore, there is an urgent necessity to identify the strategies that are best suited to support farmers and farming communities in this period of climate change and to identify the factors affecting the farmers’ adoption of adaptive strategies to climate change. Farmers in Bangladesh at present face increasing environmental degradation which is the result of multiple source-points; this degradation is both similarly situated to and likely to be exacerbated under the increasing effects of global climate change. This paper focuses on identifying socio-economic factors likely to be influential in adaptive behavior, along with the perception of farmers about challenges faced in adopting coping strategies. It is important to note that empirical analysis of climatic events and their causation lies well beyond the scope of our research and that this paper represents a jumping-off point for further studies which can later elucidate causation of adaptive strategy adoption.



2. Methodology

Three villages of the coastal region (Sathkhira district) in Bangladesh were considered as the study area. This region is one of the most affected areas compared to other parts of the country due to frequent climatic hazards such as floods, cyclones, tidal forces and increased salinity even drought in dry seasons [17]. Moreover, Cyclone Sidr (2007) and Cyclone Aila (2009) were severely affects the coastal part of this country and damage huge resources especially the farm resources. Consequently, farming of this area is highly affected; moreover, farming specially crop farming decreasing because of its transfer into the fish farming especially shrimp farming. Therefore, both natural and anthropogenic issues affects the farming activities in this area. About 100 farmers were interviewed using a structured questionnaire administered in May 2012. Respondents were selected using a randomized lottery, with lots draw from a listing of farmers within the region compiled by local extension service agents. STATA (a statistical software package) was used to analyze the collected data including descriptive statistics- such as mean, number, standard deviation, range, and percentage- and econometric analysis.

Elements of the survey questionnaire collected information on major components: (1) self-reported adoption of pre-determined climate change mitigation strategies by the farmer; (2) rating of the importance of the array of adaptive strategies to the farmer’s practices; (3) the degree to which specific problems that might hinder adoption of coping strategies had been encountered; and (4) demographic information of the household focused on key socio-economic factors. Response options for components (2) and (3) were placed on a continuum (Likert scale) as high, medium, low and not at all. Scores assigned to responses were 3, 2, 1, and 0, respectively.

Adaptation is a dependent dummy-variable in the data. The dummy was determined by assigning a value of 1 for farmers who indicated that they had taken adaptive measures in response to negative effects of climate change and a value of 0 for farmers who indicated they did not engage in any adaptive measures at all in response to negative effects of climate change. For instance, if a farmer uses at least one coping strategy to abate the negative consequences of climate change then that famer is considered to have “adapted” (1). During the enumeration of the survey, respondents were presented with an scripted explanation of practices and behaviors vis-à-vis climate change adaptation strategies, then presented with a simple dichotomous (“yes/no” response) question about whether or not they had adopted any of these behaviors due to changing climate in the region, making results here self-reported.

Different strategies are practiced by various farmers, which enhance the farmer’s adaptation to climate change (see Section 3.3). However, adaptation strategies to climate change effects also depend on the socioeconomic characteristics of the farmers. For instance literate farmers may take different adaptive measures compared to those who are illiterate. Moreover, annual family income, farm size, farming experiences, and contact with extension service agents influence the famers’ use of adaptive measures to adjust to environmental degradation and severe weather events resultant from climate change effects. Regardless of the strategies applied by any farmer, it is predicted that taking adaptive measures reduces the negative effects of climate change on farm production, household income and farmer livelihoods.

In determining the econometric form to employ for this analysis, three options traditionally utilized to evaluate qualitative dependent variables, such as the dichotomous outcome of “Adapted” and “Not Adapted”, were considered: Linear Probability Models (LPM), probit models, and logit models. Use of LPM is unnecessarily simple in its functional form, and presents the drawbacks of (1) a disturbance term which has a non-normal distribution leading to problems with making valid statistical inferences, (2) assumed heteroskedasticity of the error term which violates the principles of OLS and resulting estimators inefficient, (3) significant lack of meaningful models due to a lack of Goodness of Fit, and (4) without restrictions placed on beta-coefficients, LPM results can imply probabilities beyond the realm of the Bernouli distribution (that is that results lie beyond and between 0 and 1) due to the underlying assumption of linearity, and thus constancy [23,24]. Thus, LPMs are essentially ruled out for appropriate application in the case of this research, if more appropriate techniques are available.

Probit and logit models are extraordinarily similar in both their formulation and their results, relying on a “link” function using cumulative distribution functions (CDFs) which are normally and logistically distributed, respectively. As is well-known, these CDFs present a sigmoid (S-shaped) distribution, which more closely resembles the observed distribution of dichotomous data [24]. These models do not use Ordinary Least Squares methodology, but instead rely upon Maximum Likelihood Estimation. The features of probit and logit models make interpretation of resulting coefficients unique from those obtained under an LPM. Of the two, probit models are often seen as better suited for experimental data [25] and do not enable precision robustness as they fail to allow the modeler to adjust for covariates. Logit models guarantee the estimated probability increases and never cross the range of 0 to 1, and are the most commonly and widely applied. Therefore, Linear Probability Model (LPM) and probit models were rejected in favor of a logit model formulation. This logit model was used to identify the socio-economic factors affecting the farmers’ adoption of adaptive strategies, using the functional form of logit model expressed by Gujrati [20] as:



Pi = 1/1 + e−(β°+βixi)



(1)




For simplicity equation 1 can be expressed as



Pi = 1/1 + e−zi



(2)




where,

	Pi: Probability of adaptation of the ith respondent


	ezi: stands for the irrational number e raised to the power of Zi


	Zi: is a function of N-explanatory variables and expressed as:



Zi = β0 + β1x1 + β2x2 + …+ βnxn + μi



(3)







where,

	β0 = Constant term


	β1, …, βn = Regression co-efficient




Therefore,



Zi = β0 + β1 (AGE) + β2 ((EDU) + β3 (FMLYSZ)) + β4 (FARMSZ) + β5 (FMLYIN) + β6 (CRRE) + β7 (TRRE) + β8 (COIN) + β9 (MARAC)) + μ



(4)




Prior to the estimation of the logit model, the explanatory variables were checked for the existence of multi-colinearity, using a contingency coefficient test. Based on results of this procedure variables farming experience, number of plots, and contact with extension service agents are omitted from the final model.



3. Findings and Discussion


3.1. Farmers’ Perceptions on Experiencing Climate Change

All of the respondents were asked a dichotomous (“yes/no” response) question about whether or not they had experienced changes to regional climate within the past 20 years. After their initial response, they were asked about their perceived experience in relation to a series of climatic events commonly associated within the literature reviewed for this study with global climate change effects in Bangladesh. To these they could respond that they had experienced decreases, increases, or no change in the occurrence of the event, or to respond that they did not know. Figure 1 reports the responses to the first question; some 88% of respondents indicated that, within the last 20 years, they have, in their view, experienced climatic change. Table 2 reports their responses for individual climatic events. Here, all respondents indicated that they had experienced increases in temperature, droughts, flooding, cyclones, and soil salinity. Across all events, at least 80% or more reported having experienced climatic shifts which are likely to have a negative impact on agricultural activity. While it is clear that these are perceptions of farmers, such information provides an important background of the respondent group.

Figure 1. Proportion of respondents by self-reported experience of climatic change.
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Table 2. Distribution of responses to perceived changes in specific climatic events (n = 88).



	
Climatic Event

	
% of Respondents Indicating to What Level they Have Experienced the Climatic Event over the Last 20 Years




	
Increased

	
No Change

	
Decreased

	
Don’t Know






	
Temperature

	
100

	

	

	




	
Rainfall

	

	
3.4

	
96.6

	




	
Occurrence of drought

	
100

	

	

	




	
Occurrence of flood

	
100

	

	

	




	
Occurrence of cyclones

	
100

	

	

	




	
Salinity level

	
100

	

	

	




	
Short winter season

	
85.2

	
4.6

	

	
10.2




	
Long summer season

	
92

	
2.3

	

	
5.7




	
Unpredictable rainfall

	
90.9

	
1.1

	

	
8




	
Changes of monsoon season

	
80.7

	
2.3

	

	
17















3.2. Farmers’ Adaptation Strategies to Climate Change

An overwhelming majority (84%) of respondent farmers indicated that they had employed at least one of the identified adaptive strategies, with only 16% indicating no adoption of any of the adaptive strategies included in this study (see Figure 2). This stands as evidence supporting a conclusion that farmers of this area were taking actionable steps and changing practices to tackle various, known and unforeseen climatic and environmental changes. Dhaka et al. also found in their study that the majority of the farmers were using various adaptation strategies in response to climate change [26].

Figure 2. Proportion of respondents by adaptation classification.
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3.3. Adaptation Strategy Index

To identify those adaptive strategies which held relative importance over others an adaptation index procedure was implemented, as measured by the formula presented below (5). Farmers were asked to assess different adaptation strategies by using the same four-point rating scale described in Section 2 to rate the importance of each strategy to their agricultural enterprises. The relative importance of adaptation strategies to climate change was calculated based on the following index formula [17]:



ASI = ASn × 0+ ASl × 1 + ASm × 2+ASh × 3



(5)




where,

	ASI = Adaptation Strategy Index


	ASn = Frequency of farmers rating adaptation strategy as having no importance


	ASl = Frequency of farmers rating adaptation strategy as having low importance


	ASm = Frequency of farmers rating adaptation strategy as having moderate importance


	ASh = Frequency of farmers rating adaptation strategy as having high importance






The salinity problem and droughts are the most common disasters in the region (south-western Bangladesh) where the study was conducted [27,28,29]. These two climatic disasters tremendously affect the crop production system. The ranking of different adaptation strategies to climate change, as identified by the surveyed farmers, are presented in Table 3. Out of 14 adaptation strategies, increased use of irrigation was ranked first and thus most important, among farmers’ adaptive strategies to climate change. Irrigation increases the yield of production [30,31], improving nutrient availability to the plants but also leading to increased soil salinity [32,33]. Practicing crop diversification was identified as the second-ranked adaption strategy. Continuous mono-cropping (for example rice cultivation) has different adverse effects which include pest resurgence, and soil quality deterioration, in addition to the issues of loss risk associated with monocultures. In response to these effects, farmers adopt diversified cropping practices, reducing overall farm risk and expanding opportunities for farm profit, which generally act to boost the farmers’ average incomes. The third most important adaptation strategy was the “integrated farming system” (being engaged in two or more enterprises which act symbiotically with one-another). This farming system is becoming more popular throughout the country because of its economic returns [34,35,36,37]. Crop insurance was ranked as the least important adaptation strategy. This is most likely due to (1) a significant lack of good management of finance institutions in the country underwriting agriculture and offering farm-based insurance products, (2) poor deployment of technical assistance and low-levels of farmer awareness about the use of agricultural insurance, (3) only a very recent abatement of governmental regulations and policies which placed prohibitive restrictions on insurance provision entities, and (4) an overall lack of capacity (financial, infrastructure, and human) among in-country financial institutions to float insurance programs [38].


Table 3. Ranked order of the adaptation strategies to climate change (n = 84).



	
Adaptation Strategies

	
Importance of Your Farm

	
ASI

	
Rank




	
High

	
Medium

	
Low

	
No






	
Increased use of irrigation

	
75

	
9

	
-

	
-

	
243

	
1




	
Practicing crop diversification

	
51

	
32

	
1

	
-

	
218

	
2




	
Integrated farming system

	
47

	
36

	
1

	
-

	
214

	
3




	
Use of drought tolerant varieties

	
47

	
35

	
1

	
1

	
212

	
4




	
Use of salinity tolerant varieties

	
48

	
29

	
2

	
5

	
204

	
5




	
Practicing crop rotation

	
38

	
40

	
4

	
2

	
198

	
6




	
Cultivating short duration crops

	
31

	
50

	
3

	
-

	
196

	
7




	
Practicing intercropping

	
13

	
50

	
20

	
1

	
159

	
8




	
Find off-farm job

	
20

	
35

	
27

	
2

	
157

	
9




	
Moved to Non-farm activities

	
11

	
49

	
22

	
2

	
153

	
10




	
Agro forestry

	
1

	
25

	
47

	
11

	
100

	
11




	
Soil conservations techniques

	
2

	
20

	
52

	
10

	
98

	
12




	
Zero tillage

	
5

	
21

	
48

	
10

	
63

	
13




	
Crop insurance

	
-

	
5

	
12

	
67

	
22

	
14













3.4. Econometric Estimation of Factors Affecting the Farmers’ Adaptation Strategies to Climate Change Effects

Before the data analysis, the contingency coefficient test was applied to diagnose colinearity and omit independent variables that are highly dependent and strongly correlated to each other (Table 4).

Table 4. Contingency coefficient test for co-linearity between independent variables.
















	Variables
	AG
	EDU
	FAMSZ
	FARSZ
	NUMP
	FAREX
	FAMIN
	CRRE
	TRRE
	COPIN
	MARAC





	AG
	1
	
	
	
	
	
	
	
	
	
	



	EDU
	−0.046
	1
	
	
	
	
	
	
	
	
	



	FAMSZ
	0.368
	0.114
	1
	
	
	
	
	
	
	
	



	FARSZ
	0.213
	0.393 *
	0.354 *
	1
	
	
	
	
	
	
	



	NUMP
	0.181
	0.35 *
	0.382 *
	0.853 **
	1
	
	
	
	
	
	



	FAREX
	0.887 **
	−0.114
	0.360 *
	0.163
	0.162
	1
	
	
	
	
	



	FAMIN
	0.195
	0.344 *
	0.229
	0.893 **
	0.639 **
	0.131
	1
	
	
	
	



	CRRE
	0.223
	0.113
	0.117
	0.202
	0.254
	0.178
	0.139
	1
	
	
	



	TRRE
	0.095
	0.331
	0.143
	0.344 *
	0.341 *
	0.009
	0.245
	0.363 *
	1
	
	



	COPIN
	0.048
	0.506 *
	0.158
	0.347 *
	0.36 *
	−0.040
	0.237
	0.242
	0.343 *
	1
	



	MARAC
	0.054
	0.495 *
	0.171
	0.236
	0.288
	0.034
	0.166
	0.270
	0.188
	0.410 *
	1



	EXCONT
	0.032
	0.756 **
	0.164
	0.457 *
	0.446 *
	0.018
	0.391 *
	0.155
	0.355 *
	0.526 **
	0.398 *





* Weak co-linearity between the two variables ** High co-linearity between the two variables.




Multi-colinearity was observed between farming experience and age, extension contact and education, number of plots and farm size, family income and farm size, family income and number of plots, extension contact and cooperative involvement. Generally, it is predicted that there should be a positive relationship between family income and farm size, very important variables that might also affect the decision to adopt adaptive strategies to climate change. Therefore, both were considered in the logit model reported here instead of excluding them from the analysis. The model was run with these items omitted and the econometric estimates in those simulations were found to not have significantly changed from the model which maintains these two variables reported here. Only farming experiences, extension contact, and the number of plots are omitted from the logistic regression model in determining factors affecting the farmers’ adaptation strategies to climate change effects, as shown in Table 5.


Table 5. Estimates of binary logit regression model based on farmers’ adaptation strategies to climate change effects.



	
Variables

	
Adaptation




	
Coefficient

	
Robust Std. Error

	
p Value






	
CONS

	
0.905

	
3.12000

	
0.772




	
AGE

	
−0.110 *

	
0.06550

	
0.092




	
EDU

	
1.215 **

	
0.59820

	
0.042




	
FAMSZ

	
−2.174 **

	
0.77470

	
0.005




	
FARSZ

	
−10.105 **

	
3.3480

	
0.003




	
FAMIN

	
0.0002 **

	
0.00008

	
0.002




	
CRRE

	
−1.685

	
2.31900

	
0.467




	
TRRE

	
7.231

	
4.50200

	
0.108




	
COIN

	
7.029 *

	
3.76700

	
0.062




	
MARACC

	
0.003

	
1.49100

	
0.998




	
Pseudo R 2

	
0.875






**, * indicate significant level at 5% and 10% respectively.








The findings of the regression model (Table 5) indicate that age is negative and significantly (at 10% level) related to farmers’ adaptive strategies to climate change effects. This implies that the probability of adaptation significantly decreases the older a respondent farmer. It can be predicted that such farmers have less interest or less incentives in taking climate change adaptation measures. Perhaps older farmers do not see the necessity to adapt to climate change effects. Moreover, these older farmers may be more “set in their ways”, interested in following traditional methods familiar to them rather than adopting modern farming techniques. The similar outcome have found and explained in the articles written by Acquah and Quayum et al. [39,40].

The regression model results explain that education is positive and significantly (at 5% level) related to adaptation strategies to climate change effects. This implies that the probability of adaptation to climate change is greater for those who have higher educational attainment compared to less-educated or illiterate farmers. It is obvious that educated farmers have more knowledge, a greater ability to understand and respond to anticipated changes, are better able to forecast future scenarios and, overall, have greater access to information and opportunities than others, which might encourage adaptation to climate change. Several studies found that education also positively and significantly affects the adoption of technology [40,41,42,43,44,45].

Family size is negative and significantly (at 5% level) related to farmers’ adaptation strategies to climate change effects. However, the negative sign on this relationship is contradictory to our initial hypothesis. This negative sign indicates that with increasing size of the family, the probability of farmers’ adoption of an adaptive strategy decreases. Prior to this study it was expected that the sign of the variable family size would have a positive sign, the logic being that large family size makes available more labor which can actively engage in work, better facilitating the adoption of adaptive measures against climate change effects, ceteris paribus. This assumption was in line with the results of similar work on climate change adaptation strategies done by Deressa et al. (2008, 2009), as well as the large body of literature on technology adoption such as Mignouna et al. (2011), Tiamiyu et al. (2009) and many others [20,46,47,48].

Given our negative results, we turned towards a deeper look at the literature on labor availability within the household and its impact on propensity to adopt new technologies or farming strategies. From this review we theorize a variety of potential explanations for the negative sign found in our work: (1) if there are sufficient opportunities for off-farm labor, which would increase household liquidity at a greater rate than on-farm activities, then there will be a flight to quality of a household’s labor endowments and a reduction in actual internal labor availability; (2) if subsistence farming is predominant among the households in the sample, then the same labor shortages assumed to be hindering adoption in income-generating agricultural activity may not be present; (3) there may be a timing issue with the increased labor demands needed to implement adaptive strategies; (4) labor markets are seen to be intertwined with credit markets, and thus if there is insufficient access to credit which can offset the lag in income between switching labor from off-farm income generation to on-farm adaptive strategies, then a larger household will choose not to reallocate labor and adopt new, more labor-intensive strategies; (5) it may be that households with an abundance of labor face risk premiums and opportunity costs different than those with less labor endowments, thus leading them to supplement labor to cope with climate change as the less expensive allocation decision compared to other investments that would be required to adopt coping strategies; or (6) a majority of the additional family members are children and/or the elderly, therefore we may assume an overestimate of labor availability using household size, and, in fact, the distribution of household members and their endowments may be a contributing factor to the risk acceptance-aversion factor of a farm household, leading them to view adaptive strategy adoption as “too risky” given their circumstances [49,50,51,52,53]. These areas provide rife opportunity for further empirical study to provide evidence as to which, if any, is connected with the observation of a negative sign of the coefficient and its statistical significance. Other studies, such as that of Quayum and Ali (2012) [40] have shown that family size was negatively and significantly related to adoption of technologies, but there is no definitive causation shown in the literature reviewed for preparing this work.

There is a negative and significant (at 5% level) relationship between farm size and adaptation to climate change effects. Specifically, results show that increasing size of a farm operation decreases the probability of farmers’ adoption of adaptive strategies to climate change. The reason behind this result may be the large farmers were deployed traditional technologies rather modern technologies to climate change adaptation. Moreover, large farms require greater levels of investment to implement adaptive strategies to climate change, therefore, farmers of the study failed to do that compared to small farm. Acquah explained the similar result while farm size showed negatively significant with adaptation to climate change effects [39]. Moreover, larger farms require inputs such as seeds, fertilizer, pesticides, irrigation facilities, and more at rates which are stressors on farm budgets. For adaptation behaviors it may be that these inputs were not available or are too expensive in the study area at sufficiently large quantities. Another potential explanation, may be that all inputs were available but, due to a lack of proper management capacity in relation to farm size, large farms fail to adapt efficiently. Scarcity of labor may also be and additional motive not to engage in adaptive strategy adoption.

The result of the logistic regression shows that positive and significant (at 5% level) relationship between family income and adoption of adaptive strategies to climate change effects. This implies that farmers with high income are more likely to adopt adaptive strategies than farmers with lower incomes. The findings support projects undertaken by Government Organizations (GOs) and Non-Government Organizations (NGOs) designed to create off-farm livelihoods activities so that farmers can diversify and supplement their income and continue their agricultural operations in the face of climatic uncertainty. On the other hand, remittances and off-farm jobs might also be another source of annual family income of the farmers. Kim et al. found that household income positively and significantly influences the adoption of adaptive to climate change [54] while Gbeibouo (2009) explained that wealthier farmers are more interested to adapt by changing planting practices, using irrigation, and altering the amount of land farmed [55]. Further, Nhemachena and Hassan indicate that per capita income has a positive influence on farmers’ decisions to take-up adaptation measures [56].

Involvement in cooperatives is positive and significantly (at 10% level) related to adoption of adaptation strategies, implying that the probability of adaptive strategy adoption in higher for those farmers who have connections with different cooperatives enterprises compared to farmers not participating in such coordinated actions and groups. We interpret this observation as an indication that membership and engagement in a cooperative encourages farmers to engage in a united strategies orientation; farmers involved in cooperatives share knowledge and innovation ideas, discuss problems and challenges with others, and engage in collaborative decision-making.

Credit received, training received, and market access coefficients were not statistically significant in the model. In certain ways these results are surprising in light of the rhetoric and theory surrounding their use as development instruments in the general case and as climate change adaptation strategies in general. While there is much that could be said about the sign of the coefficients reported here, we forego such discussion given the statistical insignificance of the terms in the calculated model. Further research with larger data sets may present different results than those here, but the lack of significance in this model creates a clarion call for attention to the influence these stalwarts of rural development policy play in terms of promoting adaptive strategy adoption by farmers.



3.5. Constraints to Adopting Coping Strategies Faced by Farmers

Table 6 summarizes the problems identified by farmers which can hinder or constrain adoption of the climate change coping strategies identified and investigated in this report and this sections discusses the related results. Similar to previous sections, a ranking of the problems was completed using a Problem Confrontation Index (PCI) value as estimated by using the formula (6) below [57,58]. Survey respondents were asked to rate their perception of each constraint on a four-point Likert scale ranging from “not encountered” to “high”.


Table 6. Rank of the problems faced by the farmers.



	
Problems

	
Degree of Problems

	
PCI

	
Rank




	
High

	
Medium

	
Low

	
Not at All






	
Lack of available water (both irrigation and drinking)

	
99

	
1

	
0

	
0

	
299

	
1




	
Shortage of land

	
88

	
12

	
0

	
0

	
288

	
2




	
Unpredicted weather

	
77

	
20

	
3

	
0

	
274

	
3




	
Lack of credit/money

	
55

	
44

	
1

	
0

	
253

	
4




	
Lack of market access

	
22

	
56

	
22

	
0

	
200

	
5




	
Lack of farm animals

	
13

	
56

	
30

	
1

	
181

	
6




	
Shortage of farm inputs

	
11

	
55

	
34

	
0

	
177

	
7




	
Lack of information

	
18

	
39

	
41

	
2

	
173

	
8




	
Poor soil fertility

	
5

	
23

	
71

	
1

	
132

	
9




	
Insecure property rights

	
1

	
29

	
62

	
8

	
123

	
10













PCI = Pn × 0 + Pl × 1 + Pm × 2 + Ph × 3



(6)




where,

	PCI = Problem Confrontation Index


	Pn = Frequency of the farmers who rated the problem as not encountered


	Pl = Frequency of the farmers who rated the problem as low


	Pm = Frequency of the farmers who rate the problem as moderate


	Ph = Frequency of the farmers who rated the problem as high




Based on the results of the formula, the problems were listed in rank-order, also presented in Table 6. The results indicate that “lack of available water (both irrigation and drinking)” ranked first and seems to be the most severe problem of the farmers in the region studied in terms of adoption of climate change adaptation strategies. Agricultural production systems have been highly reliant on water, especially for irrigation, while rivers, rainfall, groundwater, canal water, etc., have been used as a source of this irrigation water. Available water is hard to manage-either for crop production or drinking water- in the coastal region of Bangladesh due to frequent natural disasters such as floods, droughts, and cyclones. Different GOs, NGOs and even farmers have been working on the water issues.



“Shortage of cultivable land” was ranked as the second most severe problem. With the growing population, cultivable land is increasingly being utilized for non-farm sectors such as housing, construction facilities, and other industrial activities in Bangladesh [59]. In 1971 (after Independence), the cultivable land was 14.4 million hectares but this has since decreased to 8.44 million hectare [60]. This may be a result of the increased pressures of population growth, but is also heavily influenced by river bank erosion and landslides because of catastrophic weather events. Land use policy is also one of the most important issues enabling this decrease in cultivable land.




4. Conclusions

The majority (88%) of farmer respondents indicated that they have experienced climate change effects over the two decades preceding the implementation of the study. Just a slight proportion fewer- 84 percent- of the farmers who responded in the study indicated that they had adopted coping strategies which help adapt their enterprises to environmental degradation like that expected under climate change, while the rest (16%) did not adopt such practices. Various adaptation strategies were used by the farmers in response to altered farming resulting from experienced environmental degradation due to or similarly situated to events associated with climate change. Using an Adaptation Strategy Index, we ranked in the adaptation strategies in order by importance finding that irrigation was ranked as the first among farm adaptation strategies, while crop insurance has ranked as least important. Using these rankings as guidelines, policy makers and development practitioners can target actions in accordance with revised priorities. Further, continued studies by these agents using the methodological framework employed here can be used to continuously update priority areas for investment and policy creation to promote a policy, infrastructure and market environment which better enables further adoption of adaptive strategies.

The logistic regression model explained that out of eight selected factors, six of them (age, family size, farm size, education, family income and cooperative involvement) were statistically significant factors in relation to adoption of adaptive strategies. Therefore, we conclude that these six factors can be identified as influential characteristics of farmers who adopt coping strategies to climate change effects. Interestingly, three factors showed results of being not statistically significant: credit received, extension training, and market access. Should this results hold in additional studies with larger samples, the implications for policy makers and implementers of development assistance could be large; as central tenants of many development interventions, continued results of statistical insignificance may imply that, at least in terms of promotion “climate smart” adaptation strategy adoption by farmers, these mechanisms hold little importance and that a reorientation of development intervention priorities would be warranted. Further, although different supports and technological interventions may be available, lack of available water, shortage of cultivable land, and unpredicted weather appeared to be the major problems farmers encounter in adopting climate change adaptation strategies. Agricultural technologies (e.g., varieties resistant to salinity and droughts), credits and inputs such as seeds, fertilizers, pesticides, and irrigation should be made available locally to farmers. Policy mechanisms which support related infrastructure development, enable cost-effective access to agricultural inputs, and subsidize initial investments- either directly or through credit market interventions- are all areas on which policy makers should focus in the region, given the results reported here. Improvements in these factors may lead to increased production yields and greater incomes, further enabling additional adaptation to climate change effects in the future.

This study represents a preliminary venture into understanding farmer behavior and perceptions related to adaptation for global climate change. It opens the door for continued, in-depth research on socio-economic influences which can inform policy makers- both in Bangladesh and across the globe- on how to tailor interventions across the spectrum so as to facilitate a shift in farming practices which achieves development goals under increasingly adverse climatic conditions. This continued research ought to focus not only on correlated influencers, as this study has done, but expand, when and where possible, into understanding the causation of adaptive behavior adoption. One promising and important area, made clear by comments by peers in publishing this work, is the need to determine the directionality and causation related to household income levels and adaptive strategy adoption. Continued research should also take the preliminary findings here as a guideline for targeting key factors which can be directly impacted by policy—such as extension service provision and credit and market access interventions—for further study which develops a more robust understanding of how these factors influence adaptive behaviors. Further, there is room, within a more robust study with greater resources at the team’s disposal, to explore important interaction variables, such as land-tenure status, labor endowments of the household, competing resource allocation problems on the farm or in the household, and marginal status of farm families or farm lands.
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