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Abstract

:

Floods are a frequent disaster in Bangladesh, and farmers are the most at risk. Understanding how to improve the farmers’ flood adaption is important to reduce flood effects. Protection motivation theory (PMT) has been widely used to examine flood adaptation behavior, but there is still debate regarding the quantitative effect of PMT factors on flood adaption behavior, particularly in a geographically vulnerable context. This study integrates psychological aspects based on PMT to assess farmers’ flood adaptability. A cross-sectional survey was conducted to collect data from 359 farmers. We employed structural equation modeling to test a PMT model with mediation analysis. The results showed that farmers who perceive a higher flood risk and feel more fear of floods are more likely to implement flood adaptation measures. Similarly, farmers adopt more adaptive actions if they have higher self-efficacy and response efficacy. However, they are less likely to take adaptive actions if they are subject to maladaptation. Maladaptation plays a significant role as a mediating variable. These findings will act as recommendations for government agencies to design policy measures to strengthen flood risk management. The study supports the theory of protection motivation to understand farmers’ flood adaptation behavior. However, further study is required to enhance and generalize the existing model.
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1. Introduction


Bangladesh is a country suffering from extreme geographic vulnerability and subject to regular flooding. With the Ganges, Brahmaputra, and Meghna River systems, and their tributaries, Bangladesh has the world’s biggest delta plain. The country has a total area of 14,7570 km2, of which rivers and island waters account for 6.7% [1]. Between 1954 and 2017, Bangladesh was devastated by at least 58 major floods, killing 20,039 people and displacing millions more [2]. The 1966, 1987, 1988, 1998, and 2007 floods were the most devastating floods in Bangladesh, affecting millions of people [3]. Similarly, with high water levels, this country experienced one of the most devastating river floods since records began in 2017 [3], and the Ministry of Disaster Management and Relief (MoDMR) assessed the floods to be the worst in at least 40 years [4]. The latest catastrophic floods in Bangladesh in June 2020 affected 5.4 million people in the country’s northern, central, and northeastern regions. Around 37% of the country’s total territory was flooded, affecting 33 districts, and it was the country’s longest flooding period in 22 years [5].



Despite Bangladesh’s being severely prone to flooding, few studies have focused on the flood adaptation behavior of Bangladeshi people, especially the farmers’ community in the remote char-lands. The riverine sand and silt landmasses are commonly known as “char-lands” in Bengali [6]. The char areas, which comprise almost 7200 km2, are believed to accommodate 4–5% of the Bangladeshi population [6,7,8]. There are 56 major and 226 small char in this country [9]. Among the flood-prone regions of Bangladesh, char regions are primarily vulnerable to flooding, drought, and river erosion regardless of their physical connection to the mainland or distance from growth centers [10]. Growth centers are the growing points of char-lands development. Flooding is the greatest natural hazard in char-lands, wreaking havoc on residents, especially farmers. Farmers and fishermen make up more than 70% of the char population. Sharecropping, agricultural day labor, and livestock farming are all poor predictors of these families’ income [11]. Floods and riverbank erosion, on the other hand, ruin their crops, their lands, and their homes. As a result, protecting livelihoods from flood events has become a major concern for flood-prone char communities in recent years.



To protect against flood hazards, the world is moving to risk-focused flood management, which necessitates a complete understanding of flood adaptation behavior [12]. For social systems, one can distinguish between administrative and private adaptation as well as preemptive adaptation before a flood and responsive adaptation after a flood [13]. Flood adaptation measures are a crucial aspect of the shift from a top-down institutional approach to community-based flood risk management. Globally, government representatives highlight the necessity of people’s self-defense and believe that shared responsibility is the right approach [14,15,16,17]. It seems to be ambiguous whether this represents people’s capacity to enhance their protection level [17]. These studies indicate a gap that we address with this study, where we assessed the farmers’ perceived risk and their coping capacities like self-efficacy, response efficacy, and response cost; we also explored their actual flood adaptation behaviors. Several studies showed that early adoption of flood adaptation strategies by individuals or families can significantly reduce flood damage [13,18,19]. However, most people living in flood-prone areas do not take proactive flood prevention measures [20,21]. Despite the fact that several studies have demonstrated that adopting flood adaptation measures is cost-effective in many circumstances [22], even those who live in floodplains are not sufficiently prepared for probable flood disasters. Meyer et al. [23] conducted a survey of coastal inhabitants in numerous US states and found that only one-fourth of the residents had taken precautionary measures before the arrival of Hurricane Sandy. Schmuck [24] found that although people in the flood-prone areas of Bangladesh are aware of coming floods, they are reluctant to prepare for them and accept their fate as helpless flood victims. This raises the question, for Grothmann and Reuswig [13], of why some people in flood-prone regions take adaptation measures for floods while many others do not.



In order to determine the factors that affect individual decisions about flood adaptation, this study aimed to examine the implementation of flood adaptation measures by farmers who reside in flood-prone char-land regions. For this purpose, we conducted a survey with 359 farmers to gather information. The survey was conducted after the 2020 flood, and we included 21 flood adaptation measures that farmers were asked whether or not they had implemented them to prevent damage from the 2020 flood. This flood affected 1.06 million households and caused USD 42 million worth of crop loss [5]. Since char-lands are more vulnerable than other regions, farmers incurred huge losses in crops and property damage. These high damages caused by the 2020 flood highlight the importance of improving individual flood adaptation in char-lands to minimize future flood damages. It is also crucial to comprehend why some char-land farmers chose to employ flood adaptation measures while others did not. This was the key question of this study, which aimed to explain how different factors affect farmers’ flood adaptation behavior based on protection motivation theory. This study tested different hypotheses to show relationship between PMT components and flood adaptation considering the above question.



Many researchers have performed behavioral or cognitive studies based on a theoretical framework to evaluate the influence of individual actions on flood adaptation strategy adoption [25,26]. The detailed investigation of private flood adaptation behavior benefits from theoretical frameworks that are consistent and that allow for the comparison and generalization of results across studies contrary to nontheoretical and exploratory methodologies [27]. In light of this, Grothmann and Reusswig [13] applied the protection motivation theory (PMT) in flood risk research more than fifteen years ago. PMT is one of the four major theories in the field of health behavioral psychology. Though Rogers first presented the concept in relation to health risks, it now appears to have a broader application, including with natural and technological hazards [28,29]. In several studies, the PMT has been utilized as a theoretical foundation to describe how individuals adapt when they are under threat of flooding. [30]. PMT takes into account psychological factors such as threat appraisals and coping appraisals.



Although various studies have been conducted showing factors influencing individuals’ decisions to implement flood adaptation measures in different countries, there is little research on the determinants influencing the adoption of flood adaptation measures in Bangladesh. Importantly, for the farmers’ contexts in Bangladesh, no studies were found linking psychological factors to flood adaptation. Mallick et al. [31] applied PMT to assess how threat perceptions and coping assessments influence migration decisions in farming communities suffering from farmland salinity. Ansari [32] performed a correlation analysis of only the threat assessment components of protection motivation theory (PMT) with flood prevention measures in the north central region of Bangladesh. In contrast, this article specifically used structural equation modeling to construct PMT factors (both threat assessments and coping assessments) as well as to analyze direct and indirect effects on farmers’ flood adaptation through maladaptive or nonprotective responses. Structural equation modeling (SEM) is effective for capturing the PMT components properly and critically appraising their expected interrelations, which develops on the methodology used in prior studies.



Therefore, this study used a conceptual model based on PMT to examine psychological aspects. The goals of this research are twofold. First, this study identified the flood adaptation strategies used by farmers in response to the 2020 flood; second, SEM was used to analyze the factors associated with the use of flood adaptation strategies. This study suggests that certain of the decision routes underpinning the PMT are consistently better than others based on both a review of previous articles and the results of a substantial survey with char-land farmers in Bangladesh. Understanding the farmers’ decisions on flood adaptation can assist governments in developing policies to improve communication and flood risk management. The rest of the study is organized as follows: Section 2 describes the theory and hypothesis. Section 3 consists of materials and methods, while Section 4 contains the main findings. Section 5 presents the discussion of the paper, and finally, Section 6 presents our conclusions and policy recommendations.




2. Theory and Hypothesis


People who live in disaster-prone areas have long been reported as doing nothing or relatively little to reduce their risk of mortality, damage, or loss of property [33,34]. Some individuals may be prepared to accept effort and accountability to lessen their flood risk, whereas others take a different perspective. As a result, an individual’s preparedness against a threat can be affected by different levels of preparation [35]. To explain the diversity in farmers’ flood adaptation measures to minimize flood damage in char-lands, the authors developed a cognitive model based on protection motivation theory [13,36].



This study concentrates on the most widely used version of PMT, as shown in Figure 1, in which the main two cognitive processes, threat appraisals (risk perception and flood fear) and coping appraisals (self-efficacy, response efficacy, and response cost), are used to determine the effects of PMT components on farmers’ flood adaptation strategy adoption. The first process, threat appraisals, describes how a person evaluates the likelihood of a risk and the potential damage to items he or she assesses. Risk perception can be defined as the perception of risk probability and consequences [30]. People have a high risk perception when they feel a flood is extremely probable (high perceived probability) and the flood’s possible effects are severe (high perceived consequences). Flood fear is another component of threat appraisals that is thought to be a strong predictor of adaptation behavior [30,37]. The second process, coping appraisal, on the other hand, evaluates a person’s capacity to adapt to flood and the effectiveness of adaptation measures, as well as the cost of adapting. People have high coping assessments when they believe an adaptive intervention is effective (high response efficacy), easy to execute (high self-efficacy), and economical to undertake (low response costs) [19,38]. As a result, we anticipate that individuals’ threat and coping appraisals will improve if they are better informed about flood risk and necessary preventive actions. While communicating information about the likelihood, consequences, and level of fear associated with a flood aims to change people’s threat perceptions, communicating information about the ability, effectiveness, and affordability of specific adaptation strategies aims to change people’s adaptive perspectives [39].



In addition to the basic PMT, an additional variable, constraints to adoption, was taken into account according to the extended version of PMT [13] to highlight the influence of constraints faced by farmers to their adoption of flood adaptation strategies. The PMT model proposed in this study is shown in Figure 1.



Previous research has shown little evidence that better risk mitigation behavior is influenced by risk perception [12,18]. However, Wang et al. [40] identified the effect of risk perception on flood prevention intention. As a result, the effect of risk perception is contradictory. Fear of future flooding [13,37,41] is a consistently effective predictor of flood adaptation behavior. This study also explores the influence of farmers’ maladaptive behavior as a mediator. A mediating variable is expected to be influenced by predictor variables and should have effects on dependent variables. Based on PMT, maladaptation is expected to be influenced by explanatory factors such as threat appraisals and coping appraisals, and maladaptation should have a relationship with flood adaptation behaviors. As maladaptation is a nonprotective psychological response, it is reasonable to consider maladaptation to show how farmers’ perceived flood risk and coping assessment affect their flood protection behavior through maladaptation or nonprotective responses in the context of char-lands as the literacy level among char-dwellers is quite low.



Three major domains of maladaptation such as, denial, fatalism, and wishful thinking, were considered in this maladaptation assessment. Previous studies on the association between risk perception and maladaptation found consistent negative associations [30,37]. Based on the above discussion, we can propose the following hypotheses:



H1A: 

Risk perception has a direct effect on the adoption of flood adaptation strategies.





H1B: 

Flood fear has a direct effect on the adoption of flood adaptation strategies.





H1C: 

Maladaptation mediates the effects of risk perception on the adoption of flood adaptation strategies.





H1D: 

Maladaptation mediates the effect of flood fear on the adoption of flood adaptation strategies.





Once a certain level of threat is perceived, individuals typically seek out adaptive ways to deal with the situation. People usually consider the benefits of different strategies and evaluate their ability to implement them before taking action. The motivation for implementing flood adaptation measures is associated with a belief in strong self-efficacy, response efficacy, and low response costs [27,42]. Previous studies [12,13,18,19,37] showed a consistent relationship between coping appraisals and flood adaptation. In a focus group discussion with residents of flood-prone cities in High River, Alberta, McDonald-Harker [43] assessed respondents’ limited coping capacity and lack of resources for flood risk mitigation efforts, resulting in inaction in flood risk reduction. In general, under the PMT, coping appraisal has a negative effect on maladaptation responses [29], indicating that strong coping concepts are linked to a reduction in maladaptive behavior. Only a few studies [13,44] have investigated this connection in private flood protection. The following hypotheses are presented based on the findings of the preceding research:



H2A–H2C: 

Self-efficacy, response efficacy, and response cost have direct effects on the adoption of flood adaptation strategies.





H2D–H2F: 

Maladaptation mediates the effects of self-efficacy, response efficacy, and response cost on the adoption of flood adaptation strategies.





Maladaptation does not reduce the risk of flood events, but it does assist individuals in “ignoring or repressing the bad feelings that come with it” [18]. This type of response, per PMT, lowers protection incentives and so hinders adaptive behavior [29]. However, the influence of maladaptation reactions on protection motivation is unclear. Maladaptation intention has been shown to impair protection motivation in past studies [13,45]. The negative link between the PMT and maladaptation responses could only be validated for a small subset of these responses, and it does not seem to have major effects on all flood adaptation strategies. Considering these studies, the following hypothesis can be drawn:



H3: 

Maladaptation intention has direct effects on the adoption of flood adaptation strategies.





Farmers face many constraints or challenges in adopting adequate flood adaptation measures, and constraints to adoption are expected to have a negative relationship with flood adaptation measures [13]. For this, we propose the hypothesis as follows:



H4: 

Constraints to adoption have direct effects on the adoption of flood adaptation strategies.





According to Grothmann and Reusswig [13], both threat appraisals and coping appraisals had negative correlation with maladaptation or nonprotective responses. We propose the following hypothesis:



H5A–H5E 

: Both threat appraisals (risk perception and flood fear) and coping appraisals (self-efficacy, response efficacy, and response cost) have direct effects on maladaptation.






3. Materials and Methods


3.1. Study Locale, Sampling and Data Collection


Sirajganj is a flood-prone district in northern Bangladesh comprising largely char areas. The Brahmaputra River, sometimes known as the Jamuna River, passes through this region. The Jamuna’s monsoon flow is so high that it often breaches its banks, drowning much of Sirajganj. Since it is located on the Jamuna River’s bank, the Chowhali subdistrict of Sirajganj district floods severely. The Chowhali subdistrict was chosen for this study as shown in Figure 2 based on flood intensity. The Jamuna River splits the Chowhali subdistrict into two parts. The biggest calamities in this area are riverbank erosion and repeated flooding. Due to riverbank erosion at various times, the land of this subdistrict is frequently lost to the river. The majority of this subdistrict is composed of riverine island habitats known as char-lands.



A cross-sectional survey was conducted using a qualitative and quantitative mixed approach. To obtain the primary data, farmers were interviewed using a semi-structured questionnaire. The questionnaire was constructed to collect data on the farmers’ sociodemographic and PMT factors, as well as their flood adaptation strategies adopted in the 2020 flood. To determine sample size, two unions, Ghorjan and Sthal, under the Chowhali subdistrict, were purposively chosen based on flood severity. Within each union, three villages (Har Ghorjan, Boro Ghorjan, and Muradpur) from the Ghorjan union and three villages (South Nouhata, North Nouhata, and Chaluhara) from the Sthal union were randomly selected. The subdistrict agricultural office provided a detailed list of the farmers.



From the list of 1793 farmers from 6 villages (Har Ghorjan, 300; Boro Ghorjan, 250; Muradpur, 500; South Nouhata, 295; North Nouhata, 223; and Chaluhara, 225), 60 respondents were selected by simple random sampling from each village. Using these approaches, the sample size of the population was 360 (on an average, 60 farmers per village); the final sample size was 359 because one farmer was missing. The survey was conducted in August 2021. Prior to conducting the final survey, the research ethics committee of the Graduate School of Humanities and Social Sciences at Hiroshima University approved the questionnaire for compliance with ethical concerns such as basic human rights, the protection of personal information, and data security.




3.2. Measurement of Variables


In recent studies, a range of methodologies have been employed to measure individual flood adaptation in various regions. Bradford et al. [47] utilized a simple Likert-scale survey to analyze six European countries’ self-evaluated levels of personal preparedness. Miceli et al. [48] used a multi-item variable to assess how successfully residents in an Italian alpine region mitigated flood damage. Poussin et al. [19] investigated the extent of the use of different types of measures such as structural, avoidance, and emergency measures by local residents in three flood-prone locations in France. Grothmann and Reusswig [13] used a 5-point Likert scale ranging from 0 (‘not at all’) to 4 (‘to a great extent’) to identify flood protective behaviors in the past. Papagiannaki et al. [49] estimated the total weight of eight dichotomous questions asking about respondents’ recently adopted flood-preparedness measures. The items were weighted based on importance and implementation cost. Botzen et al. [50] used binary questions for the estimation of three flood damage mitigation measures separately. Based on this research, we proposed a checklist of 21 flood adaptation strategies adopted by farmers in the 2020 flood. A score of 1 was given for each strategy for a total possible score of 21.



The adaptation strategies were structural (eight items), livelihood (six items), emergency (four items), and financial (three items) in nature. The total score of flood adaptation strategies, comprising all categories, was the dependent variable in this study. A list of variables and their descriptions is provided in Table 1.



According to Miceli et al. [48], the major two aspects of risk perception (risk probability and consequences) should be brought together into a single, more holistic model. Based on this, we considered risk perception a single variable in the PMT construct. Risk perception consisted of eight questions about risk probability and consequences, and we averaged the eight scores to get the risk perception score. When compared with the set thresholds, the risk perception and flood fear indicators exhibit high reliability with Cronbach’s alphas of 0.93 and 0.94, respectively. In this study, farmers were asked to assess the efficacy of each adaptation strategy, their own capacity to execute each measure, and the expense required for each specific measure on a five-point scale [19,38]. Cronbach’s alphas for all coping appraisal items were greater than 0.9, indicating high scale reliability.



On 5-point Likert scales, farmers were asked to assess how much they agreed with statements regarding maladaptation responses like denial of flood adaptation, wishful thinking, and fatalism [51]. Maladaptation was measured by the average of three components in this study. In case of self-efficacy (SE), response efficacy (RE) and response cost (RC), respondents were asked to rate their perceptions of 21 flood adaptation measures using a 5-point Likert scale, and average scores were compiled for each. Farmers’ constraints to flood adaptation, e.g., lack of resources (information, money, knowledge, infrastructure, and social support) were considered in this model using a 4-point Likert scale [52] and the average for each constraint.




3.3. Analytical Method


Path analysis, a structural equation modeling (SEM) tool, was used to evaluate the PMT model hypotheses in previous studies [40,49,51,53,54]. There are several models can be applied in structural equation modeling such as path analysis, factor analysis, latent variable structural models, and growth curve models. In this study, a mediation model was established using path analysis through SEM. For mediation analysis, SEM models are best represented by path diagrams. SEM in the context of mediation analysis has advantages when a model contains latent variables. SEM provides for the assessment of linkages in a proposed mediation process (Figure 1), as well as the direct effect of the predictor variables on the outcome and the mediation effect, which describes how an exogenous variable affects the outcome variable through the mediator [55]. The indirect effect refers to the extent of mediation. The two forms of mediation effects are full and partial. Full mediation can be demonstrated when predictor variable X shows significant influence on mediating variable M that in turn significantly influences dependent variable Y without having any direct effect on the dependent variable. However, if predictor X shows a direct effect on dependent variable Y in addition to a mediation or indirect effect, it is called partial mediation. No mediation effect is found when the predictor variable has no significant relationship with the mediation variable.



The parameters estimated from SEM define the type and magnitude of the relationship between variables in a model, as well as data on the model’s overall fit with different indices. Fit indices are a useful tool for evaluating how well a model reflects the observed data. The comparative fit index (CFI), normed fit index (NFI), root mean square error of approximation (RMSEA), and standardized root-mean-square residual (SRMR) were the model fit indices considered in this study with maximum likelihood estimation. This method is preferred to handle the missing data [56]. As maximum likelihood estimation considers all observations, the model reported in the study refers to the whole sample of 359 farmers. In addition to SEM analysis, the Sobel test and the Baron Kenny approach were employed to check the robustness of the mediation effect of the proposed hypotheses. Furthermore, bootstrapping was also used to check the robustness of the results of the former models. STATA statistical software was used for all data analysis.





4. Results


4.1. Descriptive Results


4.1.1. Sociodemographic Characteristics


In the Chowhali subdistrict of Sirajganj, 359 valid survey questionnaires from 6 villages in 2 unions were analyzed in depth for this study. The sociodemographic characteristics of age, gender, year of schooling, and annual income in the study area are summarized in Table 2.



From Table 2, we find that the respondents were largely between the ages of 31 and 60 (65.74%), which may be explained by the fact that that age group (31–60) is the most active in farming in char-lands. Only 8.08% of respondents involved in agriculture are between ages of 0 and 30, while older people above 60 equal 17.83%. Male farmers account for more than two-thirds of the respondents (70.47%), while female farmers account for 29.53%, indicating that men are more involved in agriculture than women. A large percentage of farmers (39.83%) have no formal education, while almost as many (42.34%) have only primary education, indicating that education levels among farmers are extremely low. This statistic is also consistent with the findings of [57], who reported that the average years of schooling in the char-lands was 1.9 years, and another study that revealed that 45% of people in the floodplain had only had primary education [58].



This could be attributed to living in remote char areas with little educational resources. About three-quarters of the respondents (71.31%) earn between 0 and 50,000 BDT per year. However, 26.46% of respondents have an annual income of 51,000–100,000 BDT, while only 2.79% have an annual income of more than 100,000 BDT.




4.1.2. Farmers’ Adoption of Flood Adaptation Strategies


Table 3 shows the farmers’ adoption of flood adaptation strategies, which are divided into four categories: structural, livelihood, emergency, and financial measures. A descriptive analysis was performed to show the farmers’ adoption of flood adaptation strategies. A high percentage of farmers (84.40%) set up a portable cooking stove before the flood. This is because most houses’ yards with fixed cooking stoves are inundated during floods in the char-lands, and a portable cooking stove can be carried anywhere during an emergency. Even if farmers are forced to relocate due to flooding, they must supply food for their families. Another key structural precaution is raising livestock place, which more than three-quarters of farmers did prior to the flood since livestock are equally as susceptible to flooding as farmers. In most cases, livestock habitats in the yard are more likely to be flooded, making livestock more vulnerable. It can be difficult to move cattle to another location, which makes farmers more concerned about livestock safety. Another essential structural strategy adopted by most farmers is macha preparation (72.42%). Macha is a high stage or bed with low-cost material mainly composed of bamboo. Farmers stay on macha and keep their essential belongings when floods enter their homes. Other structural measures, such as rising tubewel (45.68%), flood-proof sanitation (45.13%), and constructing or raising the house plinth (41.78%), had lower adoption rates since they are more expensive.



Among the livelihood strategies, farmers arranged fodder for livestock at a higher percentage (81.89%) than other strategies since most grazing fields are drowned during floods, causing farmers to collect straw for their cows and goats. Farmers (57.60%) were observed to preserve some dry foods for their families during the flood because cooking was difficult owing to a lack of fuel and cooking arrangements. Mixed cropping is another significant livelihood option. More than half of the respondents practiced mixed cropping like sesame with Aman paddy for crop diversification to minimize flood effects. Just above half of the respondents adjusted planting and harvesting times in response to the 2020 flood, as it is very crucial to reduce the crop damage, although sometimes farmers cannot predict the actual time of flooding due to a lack of effective flood early warning. About 40.39% of farmers changed their crop varieties, such as flood-tolerant rice varieties, to continue their livelihood during a flood. Farmers (38.16%) also practiced growing seedlings in sandbags, pots, etc. When their fields are flooded and they are unable to plant vegetables, farmers gather early-growing vegetable seeds and grow them in pots, sandbags, and other containers. They extend the crop duration in this way by transplanting the seedlings onto the main field after floods.



Farmers were less likely to take emergency measures because they did not want to leave their homes, livestock, or other necessities behind. Farmers transferred family members (58.22%) when an emergency arose, particularly children and the elderly, who are the most vulnerable to flooding. They also relocated their essential goods (59.05%) and livestock (46.25%). Another factor responsible for the lower adoption of emergency strategies is the scarcity of shelter centers in the char-lands.



Farmers lose their jobs when their lands are flooded. Farmers try to find alternate occupations such as fishing, boating, weaving, rickshaw pulling, and so on, but it is difficult to find alternative jobs during floods. During the flood of 2020, 44.57% of farmers were engaged in alternate occupations. Farmers who lose their crops and are unable to obtain adequate aid to maintain their livelihoods seek loans from various sources, both formal (banks, nongovernmental organizations, other financial institutions) and informal (friends, family, and others). In terms of financial strategy, 61.84% of farmers used informal sources for credit, while 52.09% used formal sources. Considering future flood events, about half of the respondents saved money for emergency needs.



A mean comparison among the total of different flood adaptation strategies is shown in Figure 3. Overall, the average score for adaptation strategies was 11.88, with higher averages of structural measures (4.43) and livelihood strategies (3.27) compared with emergency (2.08) and financial measures (1.64). However, this study considered total flood adaptation strategies score as a dependent variable to see the relationship with PMT explanatory variables.





4.2. Path Analysis Results


4.2.1. Model Fitting Results


Before conducting path analysis using structural equation modeling, we performed multicollinearity testing. Table 4 shows the multicollinearity test. The variance inflation factor (VIF) was employed in the SEM model to assess multicollinearity among the latent variables. According to [59], if the VIF exceeds 10, that variable is said to be highly collinear and can be excluded from the model. The variance inflation factor (VIF) for all latent variables was less than 5, indicating that there were no multicollinearity issues [51].



We also found several fit indices from SEM estimates (Table 5), which assess the validity of a model. Following [54], different model fit indices like the chi square to df ratio (χ2/df), the root means square error of approximation (RMSEA), the standardized root-mean-square residual (SRMR), the comparative fit index (CFI), and the Tucker–Lewis index (TLI) were all used to evaluate the model fit. Table 5 shows that the value of χ2/df was 2.88, which is less than 3.00, satisfying the condition of good model fit.



Both the values of the standardized root-mean-square residual and the root mean square error of approximation are below the threshold. The comparative fit index (CFI) and the Tucker–Lewis index (TLI) are also above the threshold of 0.9. These findings show that the models fit the data well.




4.2.2. Analysis of the Model Effects


Different paths, according to the correlations shown in Figure 1, were tested for rationality. The final path model shown in Figure 4 shows that all hypotheses are confirmed except H2F compared with the initial hypothesis shown in Figure 1. The SEM estimates (standardized coefficients) shown in Figure 4 depict the direct effects of the predictor variables on farmers’ flood adaptation strategies. The mediated effects linked to threat appraisals (risk perception and flood fear) and maladaptation and those between coping appraisals (self-efficacy, response efficacy, and response cost) and maladaptation make up the overall indirect effect (Table 6). The total effect of the predictors on the outcome variable is equal to the sum of the direct and indirect effects.



	(1)

	
Direct effects







The path modeling findings are shown in Figure 4, with a focus on the direct effects (standardized SEM coefficients). All of the hypothesized direct effects of predictor factors on farmers’ flood adaptation were confirmed by the findings (Table 6). The SEM parameter estimates for the routes that are directly connected between threat appraisals and flood adaptation strategy adoption, such as risk perception, H1A (0.10, p < 0.001), and flood fear, H1B (0.08, p < 0.001), are statistically significant. With respect to the effect of predictor variables related to coping appraisals on flood adaptation strategy adoption, the effects of self-efficacy, H2A (0.20, p < 0.001), response efficacy, H2B (0.13, p < 0.001), and response cost, H2C (0.09, p < 0.001), are statistically significant. The results also show significant estimates for the effect of maladaptation, H3 (−0.45, p < 0.001), and constraints to adoption, H4 (−0.03, p < 0.1), on the adoption of flood adaptation strategies. Therefore, all hypotheses are accepted for the direct correlation of predictors with the outcome variable.



Most of the hypothesized direct effects of explanatory factors (H5A–H5D) on maladaptation were confirmed by the findings except response cost (H5E). Risk perception had the highest influence (−0.36, p < 0.001), implying that farmers with higher risk perception have less maladaptation, such as wishful thinking, fatalism, or denials of flood risk, and vice versa. Flood fear (−0.16, p < 0.001) is likewise linked to maladaptive behavior, suggesting that farmers who are afraid of flooding are less maladaptive. That is, threat appraisals are a strong predictor of maladaptation. Coping appraisals like self-efficacy (−0.33, p < 0.001) and response efficacy (−0.12, p < 0.001) have significant negative effects on maladaptation, whereas response cost has no significant effect on maladaptation.



	(2)

	
Indirect or mediation effects







Structural equation models have the benefit of allowing for indirect effects between variables to be evaluated. Threat appraisal characteristics are found to have indirect effects on flood adaptation strategy adoption, as indicated in Table 6. Maladaptation, on the other hand, is found to mediate the impacts of two threat appraisal predictors, particularly risk perception, H1C (0:16, p < 0.001), and flood fear, H1D (0:07, p < 0.001), on farmers’ adoption of flood adaptation strategies.



In the case of the coping appraisals (H2D–H2F), the results show that maladaptation (0.15, p < 0.001) mediates the effect of self-efficacy (H2E) on flood adaptation strategy adoption. Maladaptation is also observed to mediate the effect of response efficacy (H2F) on flood adaptation (0.05, p < 0.001), while maladaptation provides no mediating effect on flood adaptation for response cost (H2F). Constraints to adoption are not mediated in the above SEM model. Figure 5 shows the direct, indirect, and total effects of PMT factors on farmers’ adoption of flood adaptation strategies.



	(3)

	
Total effects







The total effect represents the degree to which several factors interact. Flood risk perception, flood fear, self-efficacy, response efficacy, and response cost all influence flood adaptation behaviors, as shown in Table 6, but different factors have different degrees of influence. Among the coping appraisal variables, self-efficacy has the largest total effect (0.35, p < 0.001) on flood adaptation strategy adoption, followed by response efficacy (0.18, p < 0.001) and response cost (0.10, p < 0.001). The total effects of flood risk perception (0.26, p < 0.001) and flood fear (0.17, p < 0.001) on flood adaptation are also significant.




4.2.3. Robustness Check with Sobel Test and Baron Kenny Approach


Recent studies [60,61,62] have used the Sobel test as a supplemental tool to examine mediation effects to reinforce the robustness of their findings. We utilized the Sobel test in accordance with this research and obtained similar results to those from the SEM (path analysis). The findings of the Sobel test for the mediation effect are shown in Table 7.



The Baron Kenny approach also confirmed the nearly identical mediation effects of risk perception, flood fear, self-efficacy, and response efficacy. If step 1 (X → M), step 2 (M → Y), and step 3 (X → Y) are significant, there must be a mediation effect, and if either step 1 or step 2 is insignificant, there is no mediation. The Baron Kenny approach was also used to summarize the findings of mediation effects shown in Table 8. In our study, risk perception, flood fear, self-efficacy, and response efficacy had partial mediation effects on flood adaptation strategy adoption.



About 61% of the effects of risk perception on flood adaptation were mediated by maladaptation. The effects of flood fear, self-efficacy, and response efficacy were mediated by maladaptation at 48%, 43%, and 30%, respectively. In contrast, response cost had no mediation effect.



In addition to the two traditional approaches (Sobel test and Baron Kenny), we also employed bootstrapping as a modern tool of mediation analysis. The results of bootstrapping for indirect effects are shown in Table 9.



From the bootstrapping test, we found almost the same coefficients as from the SEM and the Sobel test. However, the z values were lower than the results of Sobel test.






5. Discussion


This study established a comprehensive theoretical framework based on PMT with a sample of char-land farmers in flood-prone regions of Sirajganj district, Bangladesh, in order to better understand the farmers’ incentive to adapt to floods. Prior to the survey, these areas were severely affected by a riverine flooding event in 2020. The findings demonstrated that there was a good overall fit of the model proposed in the study, supporting the applicability of PMT in the context of flood-prone char-lands. The results indicated that the framework is helpful in evaluating farmers’ perceptions of flood risk and their flood adaptation behaviors. This study demonstrated a consistent direct link between threat appraisal (risk perception and flood fear) and flood adaptation adoption. Farmers’ adoption of flood adaptation strategies was strongly correlated with their perception of risk: Farmers with higher perceived risk and consequences adopted more adaptation strategies, which is in line with the findings of Wang et al. [40] but contradicts the findings of others [12,30]. As char-land farmers are less educated and they have less knowledge to perceive the risk, farmers with a low level of perceived risk were less likely to adopt adaptation measures. Flood fear was also found as a positive and significant predictor of flood adaptation in this study. Flood fear can motivate individuals to act, especially in relation to only last-minute safety precautions [30]. We also identified strong evidence for the direct effect of coping appraisals on flood adaptation. Self-efficacy is the greatest predictor of flood adaptation adoption among the three components of coping assessment studied here. Response efficacy is also a significant predictor of flood adaptation strategy adoption. There was a positive and significant correlation of response cost with farmers’ flood adaptation, which indicates that farmers adopt strategies that are more affordable for them since response cost was scaled from very costly to very not costly (1–5). From the descriptive analysis, it was found that char-land farmers have a low annual income; therefore, they do not have adequate financial capacity to adopt necessary flood adaptation measures. These results of coping appraisals were predicted, as coping assessments have been shown to have a significant effect on flood adaption behavior in previous studies [12,13,22].



In structural equation modeling, maladaptation was employed as a mediating variable. Maladaptive behavior was found to be negatively linked to all explanatory variables related to PMT. Farmers who perceived a higher flood risk were less likely to exhibit maladaptive behaviors such as wishful thinking, fatalism, or denials of flood risk. In a meta-analysis of PMT research, threat appraisal and maladaptation were shown to be positively associated [29]. However, the negative result in our models is consistent with other research on individual flood mitigation behavior [13,37]. Flood fear showed a similar negative relationship to maladaptation as risk perception did. We also found a significantly negative relationship with maladaptation for coping appraisals such as self-efficacy and response efficacy. These findings indicate that farmers’ high coping beliefs limit maladaptive behavior, which is supported by the original PMT framework [29].



This study also examined the hypotheses that maladaptation mediates the effects of threat appraisals and coping appraisals of related variables on individual adoption of flood adaptation strategies. Risk perception showed significant mediation or indirect effects on farmers’ flood adaptation adoption mediated by maladaptation. Dang et al. [51] also found that risk perception is strongly mediated by maladaptation, influencing climate change adaptation. Flood fear was also significantly mediated by maladaptation to flood adaptation. Among the variables of coping appraisals, self-efficacy and response efficacy showed significant mediation or indirect effects through maladaptation on flood adaptation adoption, while response cost was found not to be mediated significantly by maladaptation. Like the SEM estimates, the Sobel test and the Baron Kenny approach showed similar mediation effects on farmers’ adoption of flood adaptation strategies for threat appraisals (risk perception and flood fear) and coping appraisals (self-efficacy and response efficacy). Bootstrapping method also confirmed the similar findings as former methods used in this study.




6. Conclusions and Policy Recommendations


In previous studies, socioeconomic factors were frequently highlighted as determinants of farmers’ adoption of flood adaptation strategies. Meanwhile, psychological issues related to protection motivation theory (PMT) have received little attention, particularly in Bangladesh. As a result, several psychological aspects are incorporated into this study to analyze their influence on farmers’ flood adaptation using structural equation modeling (SEM). From the SEM analysis, we find that farmers are more inclined to adopt flood adaptation strategies if they believe the risks of flooding are higher and their fear of flooding is greater. Farmers are also seen to have more flood adaptation measures when they are more capable of adapting and their perception regarding the effectiveness of flood adaptation measures is higher. In contrast, maladaptive behavior makes them less likely to adopt flood adaptation strategies. Another concern of this study was to show the applicability of PMT, which was developed for and is usually utilized in health-risk research, to flood adaptation in the context of char-lands.



This determination of contributing factors can assist concerned authorities in developing policy for flood adaptation. The knowledge of why some people in flood-prone regions prepare effectively for floods while many others remain unprepared can enhance effective policy formulation. Since farmers’ flood adaptation is influenced by their perceptions of flood risk, coping appraisals like self-efficacy and response efficacy, and maladaptive behavior, more policy implications must be considered to improve farmers’ flood adaptation behavior. The information farmers receive about flood risk and adaptation strategies is important for threat appraisals and coping appraisals. As a result, ensuring the dissemination of the right information at the right time is crucial. Moreover, the importance of information accuracy and sources of information can also be emphasized because maladaptation includes wishful thinking, denying the risk of floods, and fatalism, which are all potential barriers to flood adaptation, and religious or cultural beliefs can include such views. Furthermore, necessary campaigns and programs should be increased to create flood awareness among farmers over existing beliefs. The present flood regulatory framework of Bangladesh is mostly effective for providing relief and responding to emergencies during times of flooding, but there is still room to improve communities’ ability to adapt and their resilience to deal with future floods.



The current study has a number of methodological limitations that need to be highlighted. First, the study employed perceptions and beliefs obtained from a survey to explain flood adaptation strategies that have already been implemented in the past. This is plausible, as the perceptions and beliefs that were expressed during the survey were mostly constant over time and would have anticipated and contributed to the adaptive responses [13]. Second, although the study was intended to test a causal model of flood adaptation, it is improper to infer causality due to the non-experimental design of the study. For instance, it is unclear whether or not risk perception impacts self-adaptive behavior against flooding. Third, the sample was constrained to a particular geographic area.



Despite these limitations, the results of the structural equation model imply that PMT is an effective framework for assessing farmers’ flood adaptation adoption. In particular, combining PMT with structural equation modeling provides useful results and explanations. However, further research is needed to increase the construct validity of the measurement model and to incorporate more constructs that can contribute to increasing the use of PMT in flood adaptation research beyond its traditional uses. However, this study opens avenues of study to further analyze these PMT factors affecting farmers’ ability to reduce their flood losses in flood-prone areas like char-lands.
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Figure 1. Model of flood risk adaptation behavior and hypotheses. Straight and dashed arrows depict predicted direct effects and mediation (indirect) effects respectively. 
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Figure 2. Map of surveyed location. Source: Faruk and Maharjan [46]. 






Figure 2. Map of surveyed location. Source: Faruk and Maharjan [46].



[image: Water 14 03080 g002]







[image: Water 14 03080 g003 550] 





Figure 3. Mean of different flood adaptation strategies. 
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Figure 4. Path modeling results (SEM standardized coefficients). Only the direct effects are reported. Indirect or mediation effects are reported in Table 6. Note: * p < 0.1 and, *** p < 0.001. 
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Figure 5. Total effects (SEM standardized coefficients) of the model’s predictor variables on the farmers’ flood adaptation. 
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Table 1. Variables that are part of the protection motivation theory.
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	Variables
	Description
	Measuring Unit
	α Value





	Total flood adaptation score
	The adoption of flood adaptation strategies in 2020 flood (21 items)
	1 if farmers adopted each adaptation strategies, 0 otherwise.
	0.92



	Risk perception
	There are a total of eight components in this personal evaluation of the probability of a future occurrence (a) and the consequent damage (b)
	(a) 1–very unlikely, 2–rather unlikely, 3–neutral, 4–rather likely, 5–very likely

(b) 1–not bad at all; 2–rather not bad; 3–neutral; 4–rather bad; 5–very bad;
	0.93



	Flood fear
	Worry about flood occurrences and consequences.
	1–not at all; 2–a bit; 3–neutral; 4–somewhat; 5–very much;
	0.94



	Self-efficacy
	The respondent thinks that he/she is capable of following the described 21 measures.
	1–Very unable, 2–Rather unable, 3–Neutral, 4–Rather able, 5–Very able
	0.93



	Response efficacy
	Effectiveness of the described 21 flood adaptation strategies
	1–Very ineffective, 2–Rather Ineffective, 3–Neutral, 4–Rather effective, 5–Very effective
	0.93



	Response cost
	To what extent the adaptation measures are costly (21 items)
	1–very costly, 2–rather

costly, 3–neutral, 4–rather not costly, 5–very not costly;
	0.94



	Maladaptation
	Denial, fatalism, and wishful thinking (3 items)
	1–strongly disagree; 2–disagree; 3–neutral; 4–agree; 5–strongly agree.
	0.93



	Constraints to adoption
	Constraints faced by the farmers in flood adaptation strategy adoption (12 items)
	0–No constraint, 1–low, 2–medium, 3–high
	0.95
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Table 2. Sociodemographic information of respondents (n = 359).
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Variables

	
Category

	
Frequency

	
Percentage






	
Age

	
Up to 30 years

	
29

	
8.08




	
31–60 years

	
236

	
65.74




	
Above 60 years

	
64

	
17.83




	
Gender

	
Male

	
253

	
70.47




	
Female

	
106

	
29.53




	
Education

	
No schooling

	
143

	
39.83




	
Primary (1–5)

	
152

	
42.34




	
Secondary (6–10)

	
59

	
16.43




	
Higher secondary and above >10

	
5

	
1.39




	
Annual Income (BDT)

	
Up to 50,000

	
256

	
71.31




	
51,000–100,000

	
95

	
26.46




	
Above 100,000

	
10

	
2.79
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Table 3. Farmers’ adoption of flood adaptation strategies.
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Variables

	
Adoption of Flood Adaptation Strategies (n = 359)




	
Frequency

	
Percentage






	
Structural strategies score




	
Construction/raising plinth of house

	
150

	
41.78




	
Fencing house

	
137

	
38.16




	
Raising of livestock place

	
278

	
77.44




	
Raising tube well

	
164

	
45.68




	
Flood-proof sanitation

	
162

	
45.13




	
Portable stove

	
303

	
84.40




	
Arrangement of boat

	
135

	
37.60




	
Macha preparation

	
260

	
72.42




	
Livelihood strategies score




	
Changing crop variety

	
145

	
40.39




	
Mixed cropping

	
202

	
56.27




	
Growing seedling in pot or sandbag

	
137

	
38.16




	
Adjustment of planting and harvesting time

	
190

	
52.92




	
Fodder arrangement

	
294

	
81.89




	
Dry food collection

	
207

	
57.60




	
Emergency strategies score




	
Shifting family

	
209

	
58.22




	
Shifting livestock

	
166

	
46.24




	
Shifting valuable goods

	
212

	
59.05




	
Alternative occupation during flood

	
160

	
44.57




	
Financial strategies score




	
Money savings

	
180

	
50.14




	
Informal credit

	
222

	
61.84




	
Formal credit

	
187

	
52.09
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Table 4. Results of multicollinearity testing.






Table 4. Results of multicollinearity testing.










	Variables
	VIF
	1/VIF





	Self-efficacy
	4.95
	0.20



	Response efficacy
	2.60
	0.38



	Response cost
	2.79
	0.36



	Risk perception
	3.22
	0.31



	Flood fear
	2.13
	0.47



	Maladaptation
	2.89
	0.35



	Constraints to adoption
	1.46
	0.68



	Mean VIF
	2.86
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Table 5. Results of different model fit indices for SEM.






Table 5. Results of different model fit indices for SEM.





	Index
	Assessment Criteria
	Final Model
	Requirements





	χ2/df
	<3.00
	2.88
	Satisfied



	RMSEA
	0.03–0.08
	0.07
	Satisfied



	CFI
	>0.90
	0.99
	Satisfied



	TLI
	>0.90
	0.98
	Satisfied



	SRMR
	<0.05
	0.01
	Satisfied
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Table 6. Direct, indirect (mediation), and total effects of predictors on flood adaptation strategies.






Table 6. Direct, indirect (mediation), and total effects of predictors on flood adaptation strategies.












	Hypothesis and Path
	Direct Effects
	Indirect or Mediating Path
	Mediation Effect
	Total Effect





	H1A: RP→TAS
	0.10 ***
	H1C: RP→MA→TAS
	0.16 ***
	0.26 ***



	H1B: FF→TAS
	0.08 ***
	H1D: FF→MA→TAS
	0.07 ***
	0.15 ***



	H2A: SE→TAS
	0.20 ***
	H2D: SE→MA→TAS
	0.15 ***
	0.35 ***



	H2B: RE→TAS
	0.13 ***
	H2E: RE→MA→TAS
	0.05 ***
	0.18 ***



	H2C: RC→TAS
	0.09 ***
	H2: SE→MA→TAS
	0.01
	0.10 ***



	H3: MA→TAS
	−0.45 ***
	
	
	



	H4: CFA→TAS
	−0.03 *
	
	
	



	H5A: RP→MA
	−0.36 ***
	
	
	



	H5B: FF→MA
	−0.16 ***
	
	
	



	H5C: SE→MA
	−0.33 ***
	
	
	



	H5D: RE→MA
	−0.12 ***
	
	
	



	H5E: RC→MA
	−0.02
	
	
	







Note: Significance at * p < 0.1, and *** p < 0.001. Standardized coefficients are used in SEM estimation. Here, TAS—Total adaptation score, RP—Risk perception, FF—Flood fear, SE—Self-efficacy, RE—Response efficacy, RC—Response cost, MA—Maladaptation, CFA—Constraints to flood adaptation.
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Table 7. Significance testing of mediation effects (standardized).






Table 7. Significance testing of mediation effects (standardized).





	Path
	Coefficient
	Standard Error
	Z Value
	p Value





	RP→MA→TAS
	0.16 ***
	0.02
	7.67
	0.000



	FF→MA→TAS
	0.07 ***
	0.02
	4.30
	0.000



	SE→MA→TAS
	0.15 ***
	0.03
	5.83
	0.000



	RE→MA→TAS
	0.05 ***
	0.02
	2.98
	0.003



	RC→MA→TAS
	0.01
	0.02
	0.525
	0.599







Note: Level of significance at *** p < 0.001.
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Table 8. Mediation effect according to the Baron Kenny approach.






Table 8. Mediation effect according to the Baron Kenny approach.





	Path
	Step 1

(X → M)
	Step 2

(M → Y)
	Step 3

(X → Y)
	Mediation Type
	%RIT (Indirect/Total)





	RP→MA→TAS
	−0.36 ***
	−0.45 ***
	0.11 ***
	Partial
	61



	FF→MA→TAS
	−0.16 ***
	−0.45 ***
	0.09 ***
	Partial
	48



	SE→MA→TAS
	−0.33 ***
	−0.45 ***
	0.19 ***
	Partial
	43



	RE→MA→TAS
	−0.12 ***
	−0.45 ***
	0.13 ***
	Partial
	30



	RC→MA→TAS
	−0.02
	−0.45 ***
	-
	No mediation
	10







Note: Statistical significance, p value at *** p < 0.001.
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Table 9. Indirect or mediation effects by bootstrapping.






Table 9. Indirect or mediation effects by bootstrapping.





	Path
	Coefficient
	Bootstrap

Standard Error
	Z Value
	p Value





	RP→MA→TAS
	0.16 ***
	0.21
	5.77
	0.000



	FF→MA→TAS
	0.07 ***
	0.07
	4.10
	0.000



	SE→MA→TAS
	0.15 ***
	0.27
	4.79
	0.000



	RE→MA→TAS
	0.05 ***
	0.26
	2.60
	0.009



	RC→MA→TAS
	0.01
	0.20
	0.49
	0.621







Note: Statistical significance, p value at *** p < 0.001. Standardized coefficients are used.
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