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Meteorological information and forecasts are of great importance to reduce agro-meteorological hazards. However, the gap between production and application of these forecasts is one of the most ambiguous issues of crop management at the farmers’ level. In this regard, investigating the factors influencing Iranian farmers willingness to use meteorological information and predictions was selected as the main aim of the present study. To this end, an extended version of Theory of Planned Behavior (TPB) was employed and modeled. The results revealed that attitude towards the use of meteorological information and predictions, subjective norms in the use of meteorological information and predictions, perceived behavioral control and self-identity in the use of meteorological information and prediction, and moral norm variables regarding the use of meteorological information and predictions positively and significantly affected willingness to use meteorological information and predictions. These variables could account for 46% of willingness to use meteorological information and predictions variance. According to the results, it was suggested that by creating multimedia programs, the agricultural community become aware of the benefits and consequences of using meteorological information in their activities. Furthermore, it was recommended that social cooperation and research groups be formed on the use of meteorological information in agricultural activities. This can contribute to examine the various dimensions (strengths, weaknesses, threats, and opportunities) of using meteorological information from a collective perspective. Making a social decision in this regard can have a profound effect on a person’s subjective norms and dramatically increase the speed of using meteorological information. The results of this study can help policymakers and decision-makers in the field of agriculture to design suitable intervention programs for the effective use of meteorological information by farmers. Also, the results of this study help farmers to effectively reduce the impacts of meteorological hazards.
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1 INTRODUCTION
Climate change is among the top 10 threats to human life in this century (Karimi et al., 2022). Rising temperatures, widespread drought, food insecurity, fluctuations in rainfall are the most important consequences of climate change (Jones and Warner, 2016; Park et al., 2017; Leal Filho et al., 2023; Tong et al., 2023). In fact, climate change is one of the main challenges to agricultural sustainability for present and future generations and its effects are greater in arid and semi-arid regions than elsewhere (Zobeidi et al., 2016; El-Rawy et al., 2023; Farooq et al., 2023; Hounnou et al., 2023; Chetri et al., 2024). Extending the negative impacts of temperature fluctuations to more areas, water stresses, and severe weather events in the coming years could reduce crop productivity in many parts of the world (Smith et al., 2013).
International studies (Guo et al., 2022; Soko et al., 2023) show that in sub-Saharan Africa and South Asia, agricultural productivity will decline sharply. Therefore, increasing the efficiency of resources consumption and improving the management of agricultural decisions through the application of information obtained from climate forecasting systems, can be an important step towards greater adaptation to the conditions ahead of agriculture. This strategy can also quantitatively increase the yield of agricultural products and thus increase the economic wellbeing of farmers (Choi et al., 2015). Studies in some countries (Zuma-Netshiukhwi and Stigter, 2016; Baffour-Ata et al., 2022; Onyango et al., 2022; Javaid et al., 2022) indicate that meteorological forecasts have increased crop yields and net profits by 10–15 percent. The use of this information has also reduced the vulnerability of the agricultural sector and facilitated land preparation, detection of appropriate planting time, more efficient management of pests and diseases, and timely application of fertilizers (Cabrera et al., 2016).
Despite the great importance of using meteorological information and forecasts, the gap between production and application of these forecasts is one of the most ambiguous issues of crop management at the farmers’ level (Baffour-Ata et al., 2022; Savari et al., 2023a; Yegbemey et al., 2024). The use of climate information in agriculture and the selection of appropriate strategies in this field is a kind of individual and social decision-making process that is a function of various issues (e.g., Qi et al., 2022; Zhang et al., 2022; Kreft et al., 2023) at the individual and environmental levels (Zang et al., 2022; Teng et al., 2022). Differences in the living environment and how people make decisions affect how they make decisions about their environment. These differences and decision-making abilities are very important when people are faced with a particular issue like application of meteorological information. Each issue has multiple dimensions that add to its complexity in interaction with individual and environmental conditions. These complexities in decision making become more crystallized when it is less studied in people with thematic knowledge and problem-solving ability (Valizadeh et al., 2021; Savari et al., 2023b). The use of meteorological information and predictions by farmers is no exception to this rule. The behavior and responses of farmers in relation to this information for reasons such as doubts about the favorable consequences of applying these results in agricultural activities and negative attitudes differs impressively. This has caused farmers’ responses to this information and predictions to change from non-acceptance to full acceptance (Onyango et al., 2022).
One of the easiest ways to improve the use of climate forecast results in agricultural communities is to identify and analyze the determinants of the willingness to use this information (Ncoyini et al., 2022; Andati et al., 2022; Giua et al., 2022). This can help the successful implementation of intervention programs addressing behavioral changes. Furthermore, it facilitates farmers’ decisions to use meteorological information, especially in countries such as Iran. Studies (e.g., Valizadeh et al., 2021; Savari et al., 2023c) show that what has caused great damages to the various sectors of the Iranian economy, including agriculture, are extreme weather and climate events (which occur more frequently under climate change). For example, the reports of the Agricultural Jihad Organization of West Azerbaijan Province show that the lack of proper and optimal use of meteorological information in 2020, has caused the agricultural sector of West Azerbaijan Province to suffer a loss of $ 62 million (Ministry of Agriculture-Jahad, 2022). These damages are generally caused by events such as floods, hail, drought, and frost. Studies (such as Ncoyini et al., 2022; Andati et al., 2022; Giua et al., 2022; Savari et al., 2023a) emphasize that the correct and timely use of meteorological information and forecasts can have a significant impact on reducing these damages.
In Iran, providing meteorological information and climate services to farmers is done in two methods. The first and more comprehensive method is done by using Islamic Republic of Iran Broadcasting. In other words, Islamic Republic of Iran Broadcasting informs many farmers of different regions about the latest weather and climate events and forecasts every day. In this method, information such as air temperature, precipitation forecasts, location of precipitation systems, vulnerable areas against temperature stress (heat and cold), vulnerable agricultural areas against temperature stress, and general strategies to deal with the stresses are provided to farmers (Valizadeh et al., 2021). The second method is done by using virtual platforms such as Agroyar virtual meteorological station. The Agroyar virtual meteorological station and the rest of the platforms are generally robots that collect the weather and climate information of the desired GPS point for farmers using satellite information and weather stations in the region and provide them after analysis. This information is analyzed specifically for agriculture and may have differences with the meteorological information provided by Islamic Republic of Iran Broadcasting. However, these platforms use farm weather information and weather stations in precision agriculture, more accurate pest and disease warning services, water conservation management and growth regulation, helping to carry out scientific and efficient agricultural production management and achieve sustainable agricultural development (Agricultural Jihad Organization of West Azerbaijan Province, 2024). However, it should be noted that the concentration of information provided by these sources does not mean that the traditional and local methods used by farmers to predict the weather and climatic changes are not effective. For example, Iranian farmers can, in many cases, use the data and information they obtain in the field of wind intensity and direction, wind blowing time, air temperature, cloud color and density, and rainfall in different seasons, predict the weather and its changes. However, Iranian farmers in general and West Azerbaijan Province in particular are reluctant to use this modern information and predictions. Identifying the determinants of farmers’ willingness to use meteorological information and predictions and using them in the agricultural development programs can play an important role in reducing the vulnerability of the agricultural sector to weather and climate hazards and increase agricultural productivity. In this regard, the study of farmers’ willingness to use meteorological information and predictions in Iran through the lens of theory of planned behavior (TPB) was selected as the main purpose of the study. The main research questions to address this purpose were as follows:
1. Can the TPB serve as a basis for explaining farmers’ willingness to use meteorological information?
2. According to the TPB, what factors affect farmers’ willingness to use meteorological information?
3. If the TPB is used to explain farmers’ willingness to use meteorological information, what constructs can help to increase the predictive power of this theory?
4. Using the TPB to explain their willingness to use meteorological information, what practical suggestions can be made to create positive behavioral changes in this field?
2 THEORY OF PLANNED BEHAVIOR (TPB)
TPB was first proposed by Ajzen (1991) to predict the future and actual behavior of individuals. This theory is actually based on Reasoned Action Theory (RAT). TPB predicts the occurrence of a particular behavior, provided that the individual is willing to do so (Ajzen, 1991). RAT, which is the basis of TPB, is used in situations where the individual has considerable voluntary control over the behavior. In other words, the success of RAT depends on the degree to which the individual voluntarily controls his/her behavior. When voluntary control over a behavior decreases (or the person is unable to perform the behavior despite his/her intent), the applicability of the model decreases (Ajzen and Fishbein, 2004). In RAT, there is a construct which is called perceived behavioral control (PBC). When attitudes and subjective norms are fixed, the ease or difficulty of performing a behavior will have a strong effect on the willingness/intention towards that behavior. The relative weights of these three constructs are different in different societies and behaviors. Given this difference, Ajzen (1991) established a new model, called TPB. Ajzen (1991) states that a person who has a high sense of control over his/her behavior and intends to do that behavior is more likely to do so. PBC depends on the presence or absence of facilitators, barriers to a behavior, and perceived ability. If there are control beliefs about the facilitators of a behavior, one’s perceived power over the behavior increases (Ajzen, 1991).
Since RAT was limited to behavior in which individuals had imperfect voluntary control, TPB was developed to address the implications of this theory (Ajzen, 2003; Lavuri, 2022; Seddig et al., 2022). TPB is a developed theory that has overcome the basic problems by including the third predictor of behavioral intention (PBC) (Hagger et al., 2022; Kurata et al., 2022). However, the essence of RAT and TPB is the willingness of the individual to perform a certain behavior, such as the willingness to use meteorological information and predictions. According to this theory, the intention to perform a behavior is anticipated by three factors of attitude towards the use of meteorological information and predictions, subjective norms in the use of meteorological information and predictions, and perceived behavioral control in the use of meteorological information and predictions (Shanka and Gebremariam Kotecho, 2023; Gansser and Reich, 2023; Li and Zhang, 2023). In short, attitudes toward behavior, subjective norms, and perceived behavioral control all together lead to the formation of willingness (future behavior) and actual behavior. According to Ajzen (2003) in this theory, behavior is a central factor that is determined by one’s intentions, and behavioral intentions, in turn, are predicted by attitudes, subjective norms, and perceived behavioral control.
Attitude is the positive or negative assessment of specific behaviors such as the use of meteorological information and predictions (Pino et al., 2017). In TPB, attitude cannot directly determine behavior, but indirectly determines it through behavioral intentions (Mankad, 2016; Waris et al., 2023). Subjective norm (perceived social norm or perceived social pressure in the context of the desired behavior) is another variable of TPB (Heriyati et al., 2023; Ong et al., 2023). In some cases, this variable refers to individuals’ perceptions of the extent to which others approve or disapprove of their behavior (Ding et al., 2023).
The third variable in TPB is PBC, which indicates an individual’s ability to succeed in performing a particular behavior (Abid and Jie, 2023; Amare and Darr, 2023). In fact, PBC is the perceived ease or difficulty of the behavior (Mu et al., 2023). Although the success of TPB has been proven in terms of predicting behavior (Savari et al., 2023c), there is evidence (Yazdanpanah et al., 2015; Faisal et al., 2020; Zhang et al., 2020; Valois et al., 2020; Wu et al., 2022; Cahigas et al., 2023; Huang et al., 2023; Daiyabu et al., 2023; Li et al., 2024; Gutierrez et al., 2024; Zhu et al., 2024; Wang et al., 2024; Hwang et al., 2024) demonstrating that incorporating some variables to this theory can increase its explanatory power. As a result, in this study, moral norm variables regarding the use of meteorological information and predictions and perceived behavioral control and self-identity in the use of meteorological information and prediction were added to TPB.
There are many justifications for incorporating the moral norms into TPB (Ajzen, 1991; Savari et al., 2023b; Canova et al., 2023). Adding moral norms is important for understanding behaviors that are interpreted morally (not logically) (Bagheri and Teymouri, 2022). Because in some cases, farmers may not perform behaviors such as the use of meteorological information and forecasts for logical reasons and have moral justifications for it. For example, farmers may use meteorological information because they believe that using this information will prevent their food security from being compromised. There is also evidence (Valizadeh et al., 2020; Cao et al., 2021; Cao et al., 2023) that the inclusion of the self-identity variable in TPB (as another predictor) can improve the predictive power of behavioral intention. The concept of identity is derived from Stryker’s theory of identity. According to Stricker theory, identity is a set of social roles. In other words, the extent to which an individual sees himself/herself as a representative for specific social role reflects his/her self-identity (Lambert, 2019; Rahimi-Feyzabad et al., 2020). In fact, self-identity is a label that people use to describe themselves and is expected to have a significant impact on behavioral intention (Cao et al., 2021; Cao et al., 2023). Self-identity is influenced by social structure and social structure in turn builds the behavior. Therefore, it can be argued that self-identity is perceived conceptually and functionally somewhat similar to PBC. In other words, some functions of self-identity reflect the functions of PBC. In this regard, in the present study, these two variables were combined and presented in the form of perceived behavioral control and self-identity. Therefore, self-identity along with PBC in the present study are regarded as “one” of the predictors of farmers’ willingness to use meteorological information (Stryker, 1968). Based on this theoretical background, the basic version of TPB was articulated in the form an extended TPB (Figure 1) in which attitude, subjective norms, moral norms, and perceived behavioral control predict willingness to use meteorological information and predictions. Therefore, the main hypotheses which will be tested are as follows:
[image: Figure 1]FIGURE 1 | Theoretical framework.
H1. Attitude positively and significantly affects willingness to use meteorological information and predictions;
H2. Subjective norms positively and significantly affects willingness to use meteorological information and predictions;
H3. Moral norms positively and significantly affects willingness to use meteorological information and predictions; and
H4. Perceived behavioral control positively and significantly affects willingness to use meteorological information and predictions.
It is important to note that the predictors are not independent from one another.
3 METHODOLOGICAL CONSIDERATIONS
3.1 Research design
The current research is a deductive study because its hypotheses are theory-oriented. It should also be mentioned that this research is a quantitative and applied study that was done using the survey technique. The results of the study can be used by farmers, agricultural managers, meteorologists, and agricultural policymakers. Figure 2 illustrates the flowchart of the research procedure.
[image: Figure 2]FIGURE 2 | Research procedure.
3.2 Study area
This research was conducted in Naghadeh County, West Azerbaijan province of Iran (Figure 3). The region is located in the northwest of the country, where in the last decade its agricultural community has been exposed to various impacts of extreme weather and climate events such as long periods of drought. West Azerbaijan province has a generally cold and dry climate with an average annual total precipitation of 300–400 mm. This province has an important role in the production of agricultural products such as wheat, barley, sugar beet, sunflower, pumpkin, apple, and grape in the country (Agricultural Jihad Organization of West Azerbaijan Province, 2019). However, climate change induced events such as floods, hail, drought, and frost have caused great damage to the agricultural sector of West Azerbaijan Province and Naqadeh County. According to the Agricultural Jihad Organization of West Azerbaijan Province (2019), in 2019, more than 560 ha of lands in Naghadeh County were damaged by natural disasters caused by extreme weather and climate events in a changing climate. This has not only posed a major challenge to the livelihoods of affected farmers, but has also led to a significant reduction in the province’s agricultural exports. However, timely use of meteorological information and predictions by farmers could play an impressive role in reducing the negative impacts of these events. In this regard, the farmers of this county were selected as the target population of this study.
[image: Figure 3]FIGURE 3 | The map of study site.
3.3 Sampling method
The data required for analysis in this study were collected through a close-ended questionnaire in June-July 2020. Data were collected to assess the level of willingness of farmers to use meteorological information and predictions regardless of their socio-economic status. However, this sample included respondents with a wide variety of socio-demographic backgrounds who participated in the data collection process. The population of interest included all farmers in Naghadeh county (N = 9006). The sample size of 368 farmers was estimated using the Krejcie and Morgan table (Krejcie and Morgan, 1970). Data were collected using face-to-face interviews. Samples were selected using stratified random sampling approach with proportional assignment. For sampling through stratified random sampling approach, Naghadeh County was divided into 4 categories (each category included some villages). From these four categories, 8 villages (two villages from each category) were selected. Then, within these eight villages, cases were randomly selected for interview. The differences in variances of the categories in terms of number of cases was one of the most important justifications for selecting samples using stratified random sampling method with proportional assignment. This difference in the size of the main population categories necessitated the use of a method that could select samples in proportion to size. The similarity of the samples within the four strata in terms of characteristics such as agricultural systems, methods of obtaining meteorological information, and etc. also strengthened the assumption of using stratified random sampling method with proportional assignment. Economic constraints on research funding and relatively high sampling accuracy were other reasons for using stratified random sampling with proportional assignment. In this method, classifying the population into different categories and selecting samples with respect to population sizes of strata reduces research costs (Mansourfar, 2020). Mansoufar (2020) also mentions that low variance within categories increases sampling accuracy. It should also be mentioned that the missing data in the data set were replaced with the means of variables in SPSS25.
3.4 Data collection and analysis
The data collection tool containing the variables in the conceptual framework was a closed-ended and structured questionnaire that consisted of two parts. The first part was related to the demographic characteristics of the respondents and the second part was related to the dependent and independent variables in the conceptual framework. Willingness to use meteorological information and predictions, which was the dependent variable of this study, was measured using four items (Table 1). Also, attitude, subjective norms, perceived behavioral control and self-identity, and moral norm regarding the use of meteorological information and predictions were measured using four, three, four, and three items, respectively. These four variables were in fact the main independent variables that were considered as the predictors willingness to use meteorological information and predictions according to the extended PBT. The items of all these variables were assessed using a five-point Likert scale (1: strongly disagree, 2: disagree, 3: no Idea, 4: agree, and 5: strongly agree). The face and content validity of the questionnaire was confirmed by using the opinions of academic experts in social studies of the environment and meteorological information. Also, the construct validity was estimated at the desired level based on the results of the AVE index. Since this index was higher than the acceptable threshold of 0.5 for all constructs of the extended TPB. The reliability of constructs was assessed using Cronbach’s alpha coefficients and composite reliability (CR). Cronbach’s alpha values and composite reliability for all constructs were higher than the proposed threshold of 0.7, indicating an acceptable internal consistency and validity of the structures (Table 1).
TABLE 1 | Items used to measure the variables, Cronbach’s alpha values, composite reliability, and discriminant validity.
[image: Table 1]Data analysis was performed in two phases using SPSS25 and LISREL8.80 software. In the first phase, descriptive statistics were used. Pearson correlation coefficients and structural equation modeling (SEM) were applied in inferential statistics phase.
4 RESULTS
4.1 Descriptive results
Examination of the demographic characteristics of the respondents showed that the majority of respondents (86%) were male. 79.7% of the respondents lived in the village permanently and the rest came to the village temporarily for agricultural work. The average income of each farmer at the time of this research in 2020 was approximately $30882. Most respondents (50%) were 25–35 years old. In terms of education, most respondents (about 46%) had a diploma or bachelor degree. Agricultural activity of 64% of the respondents focused on planting products such as wheat, barley, alfalfa, and corn. About 25% of the respondents were gardeners. Therefore, apples, plums, peaches, nectarines, etc. were their main products. The other 11% of farmers were more engaged in planting summer crops. 12% of respondents rented their farmlands. It should also be mentioned that about 45% of participants earned between $ 1700–2500 a year.
4.2 Correlation analysis
Pearson correlation test was used to examine the relationship between research variables (Table 2). It should be mentioned that the data meet all requirements for Pearson correlation (the results of normality indices have been presented in 4.3). The results of Pearson correlation analysis demonstrated that willingness to use meteorological information and predictions was significantly associated with attitude, subjective norms, perceived behavioral control and self-identity, and moral norm regarding the use of meteorological information and predictions. According to the results, attitude (r = 0.518; p < 0.01), subjective norms (r = 0.366; p < 0.01), perceived behavioral control and self-identity (r = 0.427; p < 0.01) and moral norm regarding the use of meteorological information and predictions (r = 0.330; p < 0.01) have positive and significant correlations with willingness to use meteorological information and predictions.
TABLE 2 | Correlation matrix of research variables.
[image: Table 2]4.3 Measurement model
Confirmatory factor analysis (CFA) was used to evaluate the measurement model. For CFA, first, the normality of the survey data was examined. All kurtosis values for items used to measure variables were less than 5. In addition, squared Mahalanobis Distance values are one of the most important criteria used to detect and evaluate multivariate outliers (Alsufyani et al., 2022). The Mahalanobis Distance test was all lower than the chi-square values. Therefore, there was no outlier in this study. Also, fit indices and their expected values were examined. According to the value reported for each of the model fit indices in Table 3, the value of chi-square normalized by the degree of freedom is less than 5 and, therefore, was at the desired level. The values of Goodness of fit index (GFI), Non-normed fit index (NNFI), incremental fit index (IFI), and Comparative fit index (CFI) were higher than 0.90. These values indicate the fitness of the extended TPB measurement model. One of the most important indices used in evaluating the extended TPB fitness was the Root mean square error of approximation fit index (RMSEA) for which the observed value is less than 0.08. These results indicate that the extended TPB measurement model has a good convergent structure and validity. In other words, the data-model fit is at a desirable level and the research hypotheses can be tested in the extended TPB measurement model. Therefore, the results of the hypothesis test can be considered reliable. The results of Table 4 show the optimal fit of the model.
TABLE 3 | Fit indexes of measurement and structural models.
[image: Table 3]TABLE 4 | The results of testing hypotheses, standardized effects of latent variables on willingness to use meteorological information and predictions, and predictive power of the model.
[image: Table 4]AVE and CR indices are other indicators to assess the validity of the extended TPB measurement model, the results of which were described in detail in the methodology section. However, evaluating the values of loading factors or the correlation of items related to latent variables is also a very good strategy to check the fit in SEM. In a well-fitting model, the values of the loading factors are usually higher than 0.4 (Kahveci et al., 2016; Waqas et al., 2018). Based on the results of testing the extended TPB measurement model, all estimated loading factors were in an acceptable range. This result shows that the research tool had a satisfactory convergent validity. Thus, all constructs/variables had relatively high validity and reliability. These results justified these constructs/variables to be maintained within the research framework. In other words, the measurement model was successfully validated and prepared for structural model analysis.
4.4 Structural model
Structural model analysis focuses on the appropriateness of the proposed model, hypothesis testing, and estimation of parameters related to relationships between latent variables (Pan and Truong, 2018). Accordingly, in the present study, a structural model was used to test the hypotheses and to investigate the relationships between latent constructs. In this section, the Maximum Likelihood Estimation strategy was used to run the model and then the covariance matrix was analyzed. Therefore, after examining the fit of the measurement and structural model and ensuring the fit of the extended TPB, the research hypotheses were tested. The evaluation criteria of structural model in SEM exactly follow the same rules as the CFA model fit. The fit indices of the extended TPB structural model indicated the fit of the model and its acceptability (Table 3). At this stage, willingness to use meteorological information and predictions, attitude, subjective norms, perceived behavioral control and self-identity, and moral norm regarding the use of meteorological information and predictions were entered into the analysis as latent variables. Considering the values of loading factors related to the indicators of each construct/variable and their significance level, it can be stated that the indicators are suitably adapted to the research theory. Table 4 summarizes the results for path coefficients and values of t. Besides, Figure 4 demonstrates the standardized path coefficients for the SEM model. The results presented in Table 4 show that the standardized path coefficients between the exogenous latent variables and the endogenous latent variable are significant at the level of p < 0.01 and their t-values are outside of the critical range (±1.96). From these results it can be inferred that the variables attitude (γ = 0.47), subjective norms (=0.32), perceived behavioral control and self-identity (γ = 0.38), and moral norm regarding the use of meteorological information and predictions (γ = 0.26) have direct and significant effects on willingness to use meteorological information and predictions. In other words, all the hypotheses presented in this study were confirmed.
[image: Figure 4]FIGURE 4 | Structural model of the extended TBP with standardized path coefficients and loading factors.
5 DISCUSSIONS AND POLICY IMPLICATIONS
Climate fluctuations are one of the most important current human hazards that have affected different aspects of human life with different intensities. In the coming years, agricultural productivity will decrease in many parts of the world and the lives of many people will be affected. This will be a response to the increase in the number of areas affected by temperature fluctuations, water stresses, and severe weather events that are the most important consequences of climate change. One of the best strategies to deal with these consequences and reduce their impacts is to use meteorological information and predictions in agricultural activities and farmers’ decisions. Therefore, the aim of the study was to investigate the willingness to use meteorological information and predictions among Iranian farmers. Besides, the effects of attitude, subjective norms, perceived behavioral control and self-identity, and moral norm regarding the use of meteorological information and predictions on willingness to use meteorological information and predictions were investigated through structural equation modeling in this study.
Examination of the correlation coefficients of constructs affecting the willingness to use meteorological information with each other and with the dependent variable (willingness to use meteorological information and predictions) showed that the highest degrees of coefficients are related to the correlations between attitude with perceived behavioral control and self-identity, moral norm regarding the use of meteorological information and predictions with subjective norms, and attitude with willingness to use meteorological information and predictions. The correlation between these variables was assessed as moderate. It should be mentioned that the correlation of all the studied components with each other was direct and no inverse correlation was observed between them. This confirms that the constructs studied in this study are synergistic with each other. Therefore, with the improvement of the individuals in each of the variables, the cycle is intensified. As a result, the respondents tend to increase the use of meteorological information in their agricultural activities. This can lead to an increase in the agricultural community’s resilience to the consequences of climate change, and as a result, farmers will suffer less in the face of these consequences.
Structural equation modeling demonstrated that the constructs influencing the willingness to use meteorological information were able to predict almost half of the willingness to use meteorological information and predictions variance changes. Among these constructs, attitude, perceived behavioral control and self-identity, subjective norms, and moral norm regarding the use of meteorological information and predictions had the most powerful impacts, respectively. Similar results can be found among the findings of Sharifzadeh et al. (2012) and Shi et al. (2017). These findings confirm that the psychological and social factors in the framework of this study have a significant ability to direct willingness to use meteorological information and predictions. In other words, by focusing and strengthening these factors, the desired results can effectively be achieved. The fact that a person is attentively accepted to use meteorological information and his/her subjective norms, self-identity, and moral norms are in the same direction, can guarantee that if this person has control over his/he decision-making process, he/she will use the meteorological information in agricultural activities. This brings climate change into a soft phase, one that is formed in people’s minds regardless of technology and tools and can be implemented at a lower cost than technical solutions. This leaves great hope for planners and decision makers at the macro level of decision-making at the international and national levels.
Due to the fact that attitude is the most effective construct influencing the willingness to use meteorological information among farmers, it is suggested that by creating multimedia programs, the agricultural community becomes aware of the benefits and consequences of using meteorological information in their activities. Because awareness is the first step in strengthening the desired attitude in the field of meteorological information and predictions. When people become aware of a topic, they begin to be curious about it and gain information about it, and this information forms the basis of their attitude.
The next influential element is perceived behavioral control and self-identity. This result is important because the farmer may want to use meteorological information and predictions but is not able to do so for any reason. Therefore, it is recommended that an in-depth analysis of perceived behavioral control and self-identity be conducted to determine what are the most important barriers to using meteorological information and predictions among farmers. By removing these barriers, we can hope for a more sustainable and resilient agricultural community in the face of climate change. It should be noted that farmers’ self-identity about using meteorological information and predictions is also one of the main dimensions that was included in this study in the construct of perceived behavioral control. If this construct is not more effective than other variables, it is not less than them. One of the best strategies to increase people’s self-identity and self-confidence in using meteorological information is to increase their knowledge in this field; because increasing knowledge will lead to increased ability and increasing ability will lead to increased self-identity. To achieve this goal, it is suggested that educational-extensional classes be held that focus on teaching the use of meteorological information in agricultural activities for farmers. By learning how to use meteorological information, farmers gain more confidence in themselves, and as a result, their self-identity is strengthened.
Subjective norms positively and significantly affected willingness to use meteorological information and predictions. Subjective norm is an individual-social construct that is generally influenced by the society in which the individual lives. In other words, the subjective norm of farmers is most affected by society and those around them. In this regard, it is suggested that social cooperation and research groups be formed on the use of meteorological information in agricultural activities. This can contribute to examine the various dimensions (strengths, weaknesses, threats, and opportunities) of using meteorological information from a collective perspective. Making a social decision in this regard can have a profound effect on a person’s subjective norms and dramatically increase the speed of using meteorological information.
It is worth mentioning that the framework used in this study was a model that the findings have shown to be synergistic. As a result, each of these recommendations can have a significant impact on the application of meteorological information in agricultural activities and protect a significant part of the international agricultural community from the adverse consequences of climate change.
6 CONCLUSION, LIMITATIONS, WAY FORWARD
The most important conclusions of this study are summarized in the following. First of all, the variables attitude, subjective norms, perceived behavioral control and self-identity, and moral norms can positively affect farmers’ willingness to use meteorological information. Therefore, by strengthening these factors among farmers, the vulnerability of farmers to agricultural meteorological hazards can be reduced. Second, farmers’ moral evaluations, along with their logical evaluations, can be a good predictor for their willingness to use meteorological information. In other words, in order to create effective and positive changes in behavioral tendencies towards the use of meteorological information, in addition to paying attention to the logical aspects of farmers’ behavior, it is also necessary to pay attention to its moral aspects. The results of this study also confirmed that the inclusion of moral norms in the TPB can improve its explanatory power. The third conclusion is that farmers’ organizations and groups can play a key role in shaping their subjective norms, perceived behavioral control, self-identity and attitude. Because these variables had significant effects on the behavioral willingness of farmers, it can be expected that by forming these organizations and groups, positive behavioral willingness can be created in farmers towards the use of meteorological information and their vulnerability to the agro-meteorological hazards reduced.
Although this study contributes to the literature, it has some limitations. In this study, an attempt was made to use TPB to encourage the willingness to use meteorological information in order to reduce the vulnerability of farmers to agro-meteorological hazards. Nevertheless, it cannot be denied that this framework is only one of the known frameworks that can be used by policymakers and behavioral change practitioners to reduce the vulnerability of farmers to agro-meteorological hazards. In this regard, it is suggested that other behavioral change frameworks such as Norm Activation Theory or Value-Belief-Norm Theory be used in future research. These studies can prove the efficiency of using other models. The second limitation is related to the number of hypotheses tested in this study. The basic framework used in this study is TPB, and the number of hypotheses and the type of relationships in it are also limited. Although this study tried to develop this theory by adding the variables of moral norms and self-identity, future researchers can help to further develop this model by adding other variables. This can provide the basis for identifying more factors predicting the willingness and reducing the vulnerability of farmers against agro-meteorological hazards. The third limitation was related to the studied population. This study was conducted only in West Azarbaijan Province of Iran due to economic limitations. However, future researchers can replicate this research in other geographical areas. This can help the cross-validation of the results of present study. The fourth limitation is related to the behavioral willingness of farmers. In this study, we focused on the willingness of farmers to use meteorological information and tried to provide solutions to reduce the vulnerability of farmers to agro-meteorological hazards. Nevertheless, future researchers can focus in their research on the determinants of farmers’ willingness to use climate-smart agricultural technologies, soil protection technologies, etc.
DATA AVAILABILITY STATEMENT
The raw data supporting the conclusions of this article will be made available by the authors, without undue reservation.
ETHICS STATEMENT
Written informed consent was obtained from the individual(s) for the publication of any potentially identifiable images or data included in this article.
AUTHOR CONTRIBUTIONS
NV: Conceptualization, Data curation, Formal Analysis, Funding acquisition, Investigation, Methodology, Project administration, Resources, Software, Supervision, Validation, Visualization, Writing–original draft, Writing–review and editing. LH: Conceptualization, Data curation, Formal Analysis, Funding acquisition, Investigation, Methodology, Project administration, Resources, Software, Supervision, Validation, Visualization, Writing–original draft, Writing–review and editing. SK: Conceptualization, Data curation, Formal Analysis, Funding acquisition, Investigation, Methodology, Project administration, Resources, Software, Supervision, Validation, Visualization, Writing–original draft, Writing–review and editing. AA: Writing–original draft, Writing–review and editing. SJ: Writing–original draft, Writing–review and editing. HA: Writing–original draft, Writing–review and editing.
FUNDING
The author(s) declare that no financial support was received for the research, authorship, and/or publication of this article.
PUBLISHER’S NOTE
All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.
REFERENCES
 Abid, A., and Jie, S. (2023). Understanding farmers' decision-making to use Islamic finance through the lens of theory of planned behavior. J. Islamic Mark. 14 (4), 1084–1106. doi:10.1108/JIMA-10-2020-0324
 Agricultural Jihad Organization of West Azerbaijan Province (2019). Profiling the agricultural sector in West Azerbaijan. Un-published report. 
 Agricultural Jihad Organization of West Azerbaijan Province. (2024). Profiling the agricultural sector in West Azerbaijan. Un-published report. 
 Ajzen, I. (1991). The theory of planned behavior. Organ. Behav. Hum. Decis. Process. 50 (2), 179–211. doi:10.1016/0749-5978(91)90020-T
 Ajzen, I. (2003). Constructing a TPB questionnaire: conceptual and methodological considerations. Accessed April 1, 2003. 
 Ajzen, I., and Fishbein, M. (2004). Questions raised by a reasoned action approach: comment on Ogden (2003). APA Psychol. Net. 23 (4), 431–434. doi:10.1037/0278-6133.23.4.431
 Alsufyani, A. M., Aboshaiqah, A. E., Alshehri, F. A., and Alsufyani, Y. M. (2022). Nurses' professional values scale-three: validation and psychometric appraisal among Saudi undergraduate student nurses. J. Taibah Univ. Med. Sci. 17 (5), 737–746. doi:10.1016/j.jtumed.2022.04.001
 Amare, D., and Darr, D. (2023). Farmers' intentions toward sustained agroforestry adoption: an application of the theory of planned behavior. J. Sustain. For. 42 (9), 869–886. doi:10.1080/10549811.2022.2123358
 Andati, P., Majiwa, E., Ngigi, M., Mbeche, R., and Ateka, J. (2022). Determinants of adoption of climate smart agricultural technologies among potato farmers in Kenya: does entrepreneurial orientation play a role?Sustain. Technol. Entrepreneursh. 1 (2), 100017. doi:10.1016/j.stae.2022.100017
 Baffour-Ata, F., Antwi-Agyei, P., Nkiaka, E., Dougill, A. J., Anning, A. K., and Kwakye, S. O. (2022). Climate information services available to farming households in Northern Region, Ghana. Weather, Clim. Soc. 14 (2), 467–480. doi:10.1175/WCAS-D-21-0075.1
 Bagheri, A., and Teymouri, A. (2022). Farmers' intended and actual adoption of soil and water conservation practices. Agric. Water Manag. 259, 107244. doi:10.1016/j.agwat.2021.107244
 Cabrera, V. E., Letson, D., and Podestá, G. (2016). The value of climate information when farm programs matter. Agric. Syst. 93 (1-3), 25–42. doi:10.1016/j.agsy.2006.04.005
 Cahigas, M. M. L., Prasetyo, Y. T., Persada, S. F., and Nadlifatin, R. (2023). Examining Filipinos' intention to revisit Siargao after Super Typhoon Rai 2021 (Odette): an extension of the theory of planned behavior approach. Int. J. Disaster Risk Reduct. 84, 103455. doi:10.1016/j.ijdrr.2022.103455
 Canova, L., Bobbio, A., and Manganelli, A. M. (2023). Sustainable purchase intentions: the role of moral norm and social dominance orientation in the theory of planned behavior applied to the case of fair trade products. Sustain. Dev. 31 (2), 1069–1083. doi:10.1002/sd.2441
 Cao, J., Qiu, H., and Morrison, A. M. (2023). Self-identity matters: an extended theory of planned behavior to decode tourists' waste sorting intentions. Int. J. Environ. Res. Public Health 20 (6), 5099. doi:10.3390/ijerph20065099
 Cao, X., Luo, Z., He, M., Liu, Y., and Qiu, J. (2021). Does the self-identity of Chinese farmers in rural tourism destinations affect their land-responsibility behaviour intention? The mediating effect of multifunction agriculture perception. Agriculture 11 (7), 649. doi:10.3390/agriculture11070649
 Chetri, P., Sharma, U., and Ilavarasan, P. V. (2024). Weather information, farm-level climate adaptation and farmers' adaptive capacity: examining the role of information and communication technologies. Environ. Sci. and Policy 151, 103630. doi:10.1016/j.envsci.2023.103630
 Choi, H. S., Schneider, U. A., Rasche, L., Cui, J., Schmid, E., and Held, H. (2015). Potential effects of perfect seasonal climate forecasting on agricultural markets, welfare and land use: a case study of Spain. Agric. Syst. 133, 177–189. doi:10.1016/j.agsy.2014.10.007
 Daiyabu, Y. A., Manaf, N. A. A., and Mohamad Hsbollah, H. (2023). Extending the theory of planned behaviour with application to renewable energy investment: the moderating effect of tax incentives. Int. J. Energy Sect. Manag. 17 (2), 333–351. doi:10.1108/IJESM-11-2021-0011
 Ding, Z., Wen, X., Zuo, J., and Chen, Y. (2023). Determinants of contractor's construction and demolition waste recycling intention in China: integrating theory of planned behavior and norm activation model. Waste Manag. 161, 213–224. doi:10.1016/j.wasman.2023.03.005
 El-Rawy, M., Batelaan, O., Al-Arifi, N., Alotaibi, A., Abdalla, F., and Gabr, M. E. (2023). Climate change impacts on water resources in arid and semi-arid regions: a case study in Saudi Arabia. Water 15 (3), 606. doi:10.3390/w15030606
 Faisal, M., Chunping, X., Akhtar, S., Raza, M. H., Khan, M. T. I., and Ajmal, M. A. (2020). Modeling smallholder livestock herders’ intentions to adopt climate smart practices: an extended theory of planned behavior. Environ. Sci. Pollut. Res. 27, 39105–39122. doi:10.1007/s11356-020-09652-w
 Farooq, A., Farooq, N., Akbar, H., Hassan, Z. U., and Gheewala, S. H. (2023). A critical review of climate change impact at a global scale on cereal crop production. Agronomy 13 (1), 162. doi:10.3390/agronomy13010162
 Gansser, O. A., and Reich, C. S. (2023). Influence of the new ecological paradigm (NEP) and environmental concerns on pro-environmental behavioral intention based on the theory of planned behavior (TPB). J. Clean. Prod. 382, 134629. doi:10.1016/j.jclepro.2022.134629
 Giua, C., Materia, V. C., and Camanzi, L. (2022). Smart farming technologies adoption: which factors play a role in the digital transition?Technol. Soc. 68, 101869. doi:10.1016/j.techsoc.2022.101869
 Guo, H., Xia, Y., Jin, J., and Pan, C. (2022). The impact of climate change on the efficiency of agricultural production in the world's main agricultural regions. Environ. Impact Assess. Rev. 97, 106891. doi:10.1016/j.eiar.2022.106891
 Gutierrez, L., Lai, R., Nocella, G., and Sabbagh, M. (2024). Extending the theory of planned behavior to examine the role of meat-eater identity: the case of dry-aged beef. Meat Sci. 207, 109372. doi:10.1016/j.meatsci.2023.109372
 Hagger, M. S., Cheung, M. W. L., Ajzen, I., and Hamilton, K. (2022). Perceived behavioral control moderating effects in the theory of planned behavior: a meta-analysis. Health Psychol. 41 (2), 155–167. doi:10.1037/hea0001153
 Heriyati, D., Sari, R. L., Ekasari, W. F., and Kurnianto, S. (2023). Understanding contract cheating behavior among Indonesian university students: an application of the theory of planned behavior. J. Acad. Ethics 21, 541–564. doi:10.1007/s10805-023-09470-y
 Hounnou, F. E., Omotayo, A. O., Houessou, A. M., and Dedehouanou, H. (2023). Smallholder farmers' intention to use climate forecast services in the Benin Republic, West Africa. Clim. Dev. 15 (10), 850–863. doi:10.1080/17565529.2023.2172314
 Huang, H., Wei, J., and Yang, R. (2023). Determinants of consumers' intention to participate in automobile recalls for environmental defects: using an extended theory of planned behavior. J. Environ. Plan. Manag. 66 (10), 2151–2170. doi:10.1080/09640568.2022.2062566
 Hwang, S., Lee, J., and Jang, D. (2024). Climate change awareness and pro-environmental intentions in sports fans: applying the extended theory of planned behavior model for sustainable spectating. Sustainability 16 (8), 3246. doi:10.3390/su16083246
 Javaid, M., Haleem, A., Singh, R. P., and Suman, R. (2022). Enhancing smart farming through the applications of Agriculture 4.0 technologies. Int. J. Intelligent Netw. 3, 150–164. doi:10.1016/j.ijin.2022.09.004
 Jones, G. A., and Warner, K. J. (2016). The 21st century population-energy-climate nexus. Energy Policy 93, 206–212. doi:10.1016/j.enpol.2016.02.044
 Kahveci, M., Kahveci, A., Mansour, N., and Alarfaj, M. M. (2016). Construct validity and reliability measures of scores from the Science Teachers' Pedagogical Discontentment (STPD) scale. Eurasia J. Math. Sci. Technol. Educ. 12 (3), 549–558. doi:10.12973/eurasia.2015.1417a
 Karimi, V., Valizadeh, N., Rahmani, S., Bijani, M., and Karimi, M. (2022). “Beyond climate change: impacts, adaptation strategies, and influencing factors,” in Climate change: the social and scientific construct (Cham: Springer International Publishing), 49–70. doi:10.1007/978-3-030-86290-9_4
 Kreft, C., Angst, M., Huber, R., and Finger, R. (2023). Farmers' social networks and regional spillover effects in agricultural climate change mitigation. Clim. Change 176 (2), 8. doi:10.1007/s10584-023-03484-6
 Krejcie, R. V., and Morgan, D. W. (1970). Determining sample size for research activities. Educ. Psychol. Meas. 30 (3), 607–610. doi:10.1177/001316447003000308
 Kurata, Y. B., Prasetyo, Y. T., Ong, A. K. S., Nadlifatin, R., and Chuenyindee, T. (2022). Factors affecting perceived effectiveness of Typhoon Vacuo (Ulysses) flood disaster response among Filipinos in Luzon, Philippines: an integration of protection motivation theory and extended theory of planned behavior. Int. J. Disaster Risk Reduct. 67, 102670. doi:10.1016/j.ijdrr.2021.102670
 Lambert, E. (2019). Sustainable fashion consumption: theory of planned behavior and the influence of self-identity, perceived consumer effectiveness and fashion consciousness. 
 Lavuri, R. (2022). Extending the theory of planned behavior: factors fostering millennials' intention to purchase eco-sustainable products in an emerging market. J. Environ. Plan. Manag. 65 (8), 1507–1529. doi:10.1080/09640568.2021.1933925
 Leal Filho, W., Nagy, G. J., Setti, A. F. F., Sharifi, A., Donkor, F. K., Batista, K., et al. (2023). Handling the impacts of climate change on soil biodiversity. Sci. Total Environ. 869, 161671. doi:10.1016/j.scitotenv.2023.161671
 Li, J., Jiang, R., and Tang, X. (2024). Assessing psychological factors on farmers' intention to apply organic manure: an application of extended theory of planned behavior. Environ. Dev. Sustain. 26 (1), 2467–2491. doi:10.1007/s10668-022-02829-y
 Li, L., and Zhang, Y. (2023). An extended theory of planned behavior to explain the intention to use carsharing: a multi-group analysis of different sociodemographic characteristics. Transportation 50 (1), 143–181. doi:10.1007/s11116-021-10240-1
 Mankad, A. (2016). Psychological influences on biosecurity control and farmer decision-making. A review. A Rev. Agron. Sustain. Dev. 36 (2), 40–53. doi:10.1007/s13593-016-0375-9
 Mansourfar, K. (2020). Statistical methods. Tehran: University of Tehran Press. 
 Ministry of Agriculture-Jahad (2020). Agricultural Monitoring Center of Iran. (Unpublished report). Available at: https://www.maj.ir/.
 Mu, L., Mou, M., Tang, H., and Gao, S. (2023). Exploring preference and willingness for rural water pollution control: a choice experiment approach incorporating extended theory of planned behaviour. J. Environ. Manag. 332, 117408. doi:10.1016/j.jenvman.2023.117408
 Ncoyini, Z., Savage, M. J., and Strydom, S. (2022). Limited access and use of climate information by small-scale sugarcane farmers in South Africa: a case study. Clim. Serv. 26, 100285. doi:10.1016/j.cliser.2022.100285
 Ong, A. K. S., Prasetyo, Y. T., Lagura, F. C., Ramos, R. N., Salazar, J. M. L., Sigua, K. M., et al. (2023). Determination of factors influencing young adults' intention to have COVID-19 vaccine in the Philippines: an integration of Health Belief Model and the Theory of Planned Behavior. Public Health Pract. 5, 100359. doi:10.1016/j.puhip.2023.100359
 Onyango, E., Ochieng, S., and Awiti, A. O. (2022). “Weather and climate information needs of small-scale farming and fishing communities in western Kenya for enhanced adaptive potential to climate change,” in Proceedings of the sustainable research and innovation conference , 187–193. 
 Pan, J. Y., and Truong, D. (2018). Passengers' intentions to use low-cost carriers: an extended theory of planned behavior model. J. Air Transp. Manag. 69, 38–48. doi:10.1016/j.jairtraman.2018.01.006
 Park, J., Stabenau, E., and Kotun, K. (2017). Sea-level rise and inundation scenarios for national parks in South Florida. Park Sci. 33, 63–73. 
 Pino, G., Toma, P., Rizzo, C., Miglietta, P. P., Peluso, A. M., and Guido, G. (2017). Determinants of farmers' intention to adopt water saving measures: evidence from Italy. Sustainability 9 (1), 77–91. doi:10.3390/su9010077
 Qi, Y., Zhang, T., Cao, J., Jin, C., Chen, T., Su, Y., et al. (2022). Heterogeneity impacts of Farmers' participation in payment for Ecosystem Services based on the collective action Framework. Land 11 (11), 2007. doi:10.3390/land11112007
 Rahimi-Feyzabad, F., Yazdanpanah, M., Burton, R. J., Forouzani, M., and Mohammadzadeh, S. (2020). The use of a Bourdieusian capitals model for understanding farmer's irrigation behavior in Iran. J. Hydrology 591, 125442. doi:10.1016/j.jhydrol.2020.125442
 Savari, M., Damaneh, H. E., Damaneh, H. E., and Cotton, M. (2023a). Integrating the norm activation model and theory of planned behaviour to investigate farmer pro-environmental behavioural intention. Sci. Rep. 13 (1), 5584. doi:10.1038/s41598-023-32831-x
 Savari, M., Sheheytavi, A., and Amghani, M. S. (2023b). Promotion of adopting preventive behavioral intention toward biodiversity degradation among Iranian farmers. Glob. Ecol. Conservation 43, e02450. doi:10.1016/j.gecco.2023.e02450
 Savari, M., Zhoolideh, M., and Limuie, M. (2023c). An analysis of the barriers to using climate information services to build a resilient agricultural system in Iran. Nat. Hazards 120, 1395–1419. doi:10.1007/s11069-023-06255-9
 Seddig, D., Maskileyson, D., Davidov, E., Ajzen, I., and Schmidt, P. (2022). Correlates of COVID-19 vaccination intentions: attitudes, institutional trust, fear, conspiracy beliefs, and vaccine skepticism. Soc. Sci. and Med. 302, 114981. doi:10.1016/j.socscimed.2022.114981
 Shanka, M. S., and Gebremariam Kotecho, M. (2023). Combining rationality with morality-integrating theory of planned behavior with norm activation theory to explain compliance with COVID-19 prevention guidelines. Psychol. health and Med. 28 (2), 305–315. doi:10.1080/13548506.2021.1946571
 Sharifzadeh, M., Zamani, G. H., Khalili, D., and Karami, E. (2012). Agricultural climate information use: an application of the planned behaviour theory. J. Agric. Sci. Technol. 14, 479–492. 
 Shi, H., Fan, J., and Zhao, D. (2017). Predicting household PM2. 5-reduction behavior in Chinese urban areas: an integrative model of theory of planned behavior and norm activation theory. J. Clean. Prod. 145, 64–73. doi:10.1016/j.jclepro.2016.12.169
 Smith, W. N., Grant, B. B., Desjardins, R. L., Kroebel, R., Li, C., Qian, B., et al. (2013). Assessing the effects of climate change on crop production and GHG emissions in Canada. Agric. Ecosyst. and Environ. 179, 139–150. doi:10.1016/j.agee.2013.08.015
 Soko, N. N., Kaitibie, S., and Ratna, N. N. (2023). Does institutional quality affect the impact of public agricultural spending on food security in Sub-Saharan Africa and Asia?Glob. Food Secur. 36, 100668. doi:10.1016/j.gfs.2022.100668
 Stryker, S. (1968). Identity salience and role performance: the relevance of symbolic interaction theory for family research. J. Marriage Fam. 30 (4), 558–564. doi:10.2307/349494
 Teng, Y., Lin, P. W., Chen, X. L., and Wang, J. L. (2022). An analysis of the behavioral decisions of governments, village collectives, and farmers under rural waste sorting. Environ. Impact Assess. Rev. 95, 106780. doi:10.1016/j.eiar.2022.106780
 Tong, S., Beggs, P. J., Davies, J. M., Jiang, F., Kinney, P. L., Liu, S., et al. (2023). Compound impacts of climate change, urbanization and biodiversity loss on allergic disease. Int. J. Epidemiol. 52 (3), 655–663. doi:10.1093/ije/dyac197
 Valizadeh, N., Bijani, M., Karimi, H., Naeimi, A., Hayati, D., and Azadi, H. (2020). The effects of farmers' place attachment and identity on water conservation moral norms and intention. Water Res. 185, 116131. doi:10.1016/j.watres.2020.116131
 Valizadeh, N., Haji, L., Bijani, M., Fallah Haghighi, N., Fatemi, M., Viira, A. H., et al. (2021). Development of a scale to remove farmers' sustainability barriers to meteorological information in Iran. Sustainability 13 (22), 12617. doi:10.3390/su132212617
 Valois, P., Talbot, D., Bouchard, D., Renaud, J. S., Caron, M., Canuel, M., et al. (2020). Using the theory of planned behavior to identify key beliefs underlying heat adaptation behaviors in elderly populations. Popul. Environ. 41, 480–506. doi:10.1007/s11111-020-00347-5
 Wang, B., Tang, T., Kaspar, E., and Li, Y. (2024). Explaining citizens' plastic reduction behavior with an extended theory of planned behavior model: an empirical study in Switzerland. J. Environ. Manag. 358, 120869. doi:10.1016/j.jenvman.2024.120869
 Waqas, M., Dong, Q. L., Ahmad, N., Zhu, Y., and Nadeem, M. (2018). Critical barriers to implementation of reverse logistics in the manufacturing industry: a case study of a developing country. Sustainability 10 (11), 4202. doi:10.3390/su10114202
 Waris, I., Hameed, I., and Ali, R. (2023). Predicting household sign up for solar energy: an empirical study based on the extended theory of planned behavior. Int. J. Energy Sect. Manag. 17 (3), 455–473. doi:10.1108/IJESM-06-2021-0010
 Wu, C., Li, X., Tian, Y., Deng, Z., Yu, X., Wu, S., et al. (2022). Chinese residents’ perceived ecosystem services and disservices impacts behavioral intention for urban community garden: an extension of the theory of planned behavior. Agronomy 12 (1), 193. doi:10.3390/agronomy12010193
 Yazdanpanah, M., Komendantova, N., and Ardestani, R. S. (2015). Governance of energy transition in Iran: investigating public acceptance and willingness to use renewable energy sources through socio-psychological model. Renew. Sustain. Energy Rev. 45, 565–573. doi:10.1016/j.rser.2015.02.002
 Yegbemey, R. N., Gouwakinnou, J. Y., and Azumah, S. B. (2024). Understanding farmers' awareness of Climate Services: knowledge, practice, and attitude towards weather information in Benin, West Africa. Reg. Environ. Change 24 (1), 27. doi:10.1007/s10113-023-02178-0
 Zang, L., Wang, Y., Ke, J., and Su, Y. (2022). What drives smallholders to utilize socialized agricultural services for farmland scale management? Insights from the perspective of collective action. Land 11 (6), 930. doi:10.3390/land11060930
 Zhang, L., Ruiz-Menjivar, J., Luo, B., Liang, Z., and Swisher, M. E. (2020). Predicting climate change mitigation and adaptation behaviors in agricultural production: a comparison of the theory of planned behavior and the Value-Belief-Norm Theory. J. Environ. Psychol. 68, 101408. doi:10.1016/j.jenvp.2020.101408
 Zhang, Y., Lu, X., Zhang, M., Ren, B., Zou, Y., and Lv, T. (2022). Understanding farmers' willingness in arable land protection cooperation by using fsQCA: roles of perceived benefits and policy incentives. J. Nat. Conservation 68, 126234. doi:10.1016/j.jnc.2022.126234
 Zhu, W., Zhang, Q., and Wang, F. (2024). Factors affecting the consumption intention of game meats: integrating theory of planned behavior and norm activation model. Biol. Conserv. 292, 110544. doi:10.1016/j.biocon.2024.110544
 Zobeidi, T., Yazdanpanah, M., Forouzani, M., and Khosravipour, B. (2016). Climate change discourse among Iranian farmers. Clim. Change 138 (3-4), 521–535. doi:10.1007/s10584-016-1741-y
 Zuma-Netshiukhwi, G. N. C., and Stigter, C. J. (2016). An extension approach to close the gap between suppliers and users of agrometeorological services in the South-Western Free State of South Africa. South Afr. J. Agric. Ext. 44 (2), 84–98. doi:10.17159/2413-3221/2016/v44n2a392
Conflict of interest: The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.
The author(s) declared that they were an editorial board member of Frontiers, at the time of submission. This had no impact on the peer review process and the final decision.
Copyright © 2024 Valizadeh, Haji, Karami, Ahmadi Dehrashid, Jalilian and Azadi. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.
OPS/images/fenvs-12-1363306-t001.jpg
Construct/variable Num Item

Willingness to use meteorological information and predictions =081, CR = 083, and AVE = 056
1 intend to use meteorological information and predictions
2| Twould like to refer to various and reliable sources for meteorological information and
predictions

3| Twill try to use meteorological information and predictions in the future
4| Twill try to continue using meteorological information and predictions

Attitude towards the use of meteorological information and predictions =078, CR = 085, and AVE = 059
1 The use of meteorological information and predictions helps to reduce the damage
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to encourage other farmers to use this information

3| Inmy opinion, using meteorological information and predictions is  wise and logical
task
4| Wemust strive to use meteorological information and predictions as an integral part of

the country’s agriculture

Moral norm variables regarding the use of meteorological information and =079, CR = 0.86, and AVE = 0.67

predictions
1 I am committed to using meteorological information and predictions
2| IfIuse meteorological information and predictions, I feel that I am helping to achieve a
good goal
3| Using meteorological information and predictions makes me feel like a good person
Subjective norms in the use of meteorological information and predictions a =083, CR = 0.77, and AVE = 0.53
1| My friends and acquaintances think that I should use meteorological information and
predictions
2| IfIuse meteorological information and predictions, my family and acquaintances think
I'm a good person
3 People around me expect me to use meteorological information and predictions
Perceived behavioral control and self-identity in the use of meteorological a =075, CR = 0.86, and AVE = 0.61
information and prediction
1 1 think it is easy to use meteorological information and predictions
2| Whether or not to use meteorological information and predictions is up to me
3 Using meteorological information and predictions is an important part of who I am
4| Thave the necessary financial and intellectual skills to use meteorological information

and predictions
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**: Significance at the level of one percent error.
*: Significance at the level of five percent error.
1. Mean values ranged between 1 and 5.
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‘ Measurement model 0.062 092 094 091 090 093 24
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X2, Chi-Square; Df, Degree of freedom; RMSEA, Root mean square error of approximation fit index; CFI, Comparative fit index; GFI, Goodness of fit index; NFI, Normed fit index; NNFI, Non-

normed fit index; IFI, incremental fit index.
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