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In recent years, water-scarce regions (WSRs) have faced many challenges in order to achieve sustainable economic development. Sustainable economic development in the agricultural sector of WSRs is possible by paying attention to the water-energy-food nexus (WEFN) concept. WEFN determined using consumption, physical productivity, and economic productivity criteria of water and energy resources. According to the goals of physical and economic productivity of water and energy resources, it will be very difficult to implement WEF nexus patterns in WSRs with severe water resource crisis. The present study is aimed in WSRs to extract the resource allocation pattern based on the goals of the WEFN system using multi-criteria decision making (MCDM) tools and evaluate the cooperative behavior of farmers with this pattern under government’s policy options using an agent-based model (ABM). The results for Doroodzan dam irrigation network as a WSR revealed that the pattern based on WEFN will lead to a 200 and 18 percent increase in physical and economic water productivity and a 156 and 67 percent increase in physical and economic energy productivity compared to the base pattern, but the implementation of this pattern requires 33% more water consumption. Therefore, it is very necessary to water resource management policies such as using modern irrigation technologies under government policy options in order to implement the pattern based on WEFN in WSRs. In this regard, the inflexibility of the government’s policies will prevent the widespread implementation of the pattern based on WEFN and sustainable economic development at the regional level. Also, it can be concluded that the expansion of sustainable patterns in the agricultural sector will not be possible without considering the situation of the region from the point of view of water resources and also the cooperative behavior of the farmers. Finally, the framework of the present study is recommended to achieve the goals of sustainable economic development of the agricultural sector in WSRs.
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1 INTRODUCTION
In recent years, the increase in demand for agricultural products arising from population growth, economic development and urbanization has resulted into an increase in water and energy use for food production (Karabulut et al., 2016; Radmehr et al., 2021). A global shortage of food caused by increasing competition for the consumption of limited water and energy resources in the agricultural sector along with climate change is a predictable event (Steffen et al., 2015; Pastor et al., 2019; Abdelkader and Elshorbagy, 2021). Agriculture accounts for about 90% of fresh water consumption and about 30% of energy use around the world (FAO, 2011). On the other hand, agricultural irrigation provides about 40% of the world’s food (Li et al., 2022). Thus, water, energy and food, as the basic needs of human life, are regarded as important components for sustainable economic development studies of human communities (Wen et al., 2022).
The analysis of the water-energy-food nexus (WEFN) is necessary for sustainable management of water and energy resources in the agricultural sector and ensures food security, namely in water-scarce regions (WSRs) around the world (Stephan et al., 2018; Mirzaei et al., 2022a). The WEFN term was proposed in early 2010 for the integrated management of the three critical resources of water, energy and food (Hoff, 2011; Scott et al., 2015; Vanham et al., 2019; Guan et al., 2020). Several conceptual frameworks have been designed to analyze the WEFN (Gain et al., 2015; Mayor et al., 2015; Guan et al., 2020). In various studies, WEFN has been analyzed through life cycle (Albrecht et al., 2018), water footprint theory (Hung, 2002; Ramaswami et al., 2017; Zhang et al., 2019; Lee et al., 2020), optimization models (Jalilov et al., 2016; González-Bravo et al., 2018; Li et al., 2019a; Li et al., 2019b; Wicaksono and Kang, 2019; Sun et al., 2020; Yu et al., 2020; Radmehr et al., 2021; Mirzaei et al., 2022a; Li et al., 2022), input-output data (Xiao et al., 2019), social analysis (White et al., 2017) composite sustainability indices (Dizdaroglu, 2017; El-Gafy et al., 2017; Farinha et al., 2019; Nhamo et al., 2020; Sadeghi et al., 2020; Saray et al., 2022) and system dynamics models (Wa’el et al., 2018; Hu et al., 2019; Tan and Yap, 2019; Wen et al., 2022).
Considering the relationship between water, energy and agriculture sectors and the different goals of these sectors (Chen et al., 2017; Yu et al., 2020), it is necessary to use multi-objective and multi-criteria decision-making models, because considering only the goal of one sector of the three sectors of water, energy and food, may result into misleading results (Bizikova et al., 2013). Therefore, providing a composite index by including all criteria related to water, energy and food can be used as a comprehensive tool to examine the aspects and concerns related to all three sectors (El-Gafy et al., 2017; Nhamo et al., 2020; Sadeghi et al., 2020). For example, Nhamo et al. (2020) estimated the WEFN index using Analytical hierarchy process (AHP) method as a multi-criteria decision-making method. In this study, the WEFN index was calculated as a sustainable development index for South Africa in the two time periods of 2015 and 2018 and the sustainability condition was also evaluated. Radmehr et al. (2021) used the multi-objective optimization model with the goal of maximizing the benefits of the agricultural, urban and industrial sectors and minimizing the destruction of groundwater resources with the restrictions of water and energy resources, and extracted a set of optimal Pareto solutions. Also, by using multi-criteria decision-making methods, and the criteria related to WEFN, they selected the best solution and proposed the appropriate cropping pattern. Sadeghi et al. (2020), Mirzaei et al. (2022a) and Saray et al. (2022) combined the criteria related to the linkage between the water, energy and food sectors, and calculated the WEFN index for different crops in a studied area and then maximized the WEFN index along with other economic and environmental goals using the optimization models.
On the other hand, the optimal agricultural management with the WEFN approach will not be efficient without considering the cooperative behavior of farmers (Radmehr et al., 2021). Hoolohan et al. (2018) argued that stakeholders play a very important role in the development of WEFN tools. Thus, the main focus of this study is the analysis of farmers’ cooperation with the extracted patterns obtained from the goals of the WEFN system. By determining an optimal pattern without the adequate cooperation of farmers to implement this model, we observe failure at the operating level definitely. In other words, it is necessary to examine the operational and applicability of the optimal patterns at the regional level, as agent-based models (ABM) are used to simulate these behavioral and social complexities on a wide scale, namely in the water resources management (Bandini et al., 2009; Akhbari and Grigg, 2013; Farhadi et al., 2016; Mirzaei and Zibaei, 2021; Mirzaei and Azarm, 2022). For example, Akhbari and Grigg (2013) investigated consumer conflict resolution in the San Joaquin watershed in California using the ABM. In this study, the three objectives of maximizing water withdrawal for agricultural purposes, maximizing the water output to the wetland and minimizing the salt loaded by the water used in agriculture were considered as the purposes of the study and an optimal and applicable solution at the basin level was presented. Farhadi et al. (2016) used an ABM framework for the sustainable management of groundwater in Darayan, Maharlo, Tashk and Bakhtegan lakes in Fars province in Iran. For this purpose, a multi-objective optimization model was used with the purpose of reducing irrigation water, increasing equality in water allocation and reducing groundwater extraction in order to achieve Pareto optimal solution and Nash bargaining model to achieve a consensus among the stakeholders. Then, an ABM model was implemented to examine social factors and policy mechanism to encourage stakeholders to participate in management decisions. Using the ABM, Mirzaei and Zibaei (2021) evaluated the participatory behavior of farmers with optimal patterns under the effect of adaptive strategies to climate change in the Halil River basin with the aim of reviving the Jazmourian wetland in this basin.
According to the literature review, multi-objective mathematical programming methods have been applied in order to achieve the goals of the WEFN and to determine an appropriate pattern for these goals. However, the present study attempts to determine the pattern of resources optimal allocation in a WSR by using multi-criteria decision-making methods and considering the goals of the WEFN. Despite multi-objective mathematical programming methods, this evaluation method formulates complex issues, criteria and goals simply, and extracts suitable solutions by considering the opinion of experts and decision makers (Nhamo et al., 2020). On the other hand, no study has been conducted in the world to examine the participatory behavior of farmers with patterns extracted from the WEFN system, and this study is considered the first one in this field. Thus, the present study is aimed to extract the cropping pattern and resources allocation based on the goals and criteria of the WEFN system in an arid and semi-arid region with serious water resource scarcity (WSR) through multi-criteria decision-making methods and then analyzing the cooperative behavior of farmers and the government’s policy options to encourage farmers with an extracting model. For this purpose, the irrigation network of Doroodzan dam in Fars province, Iran is considered as a WSR.
2 THE STUDY AREA
Fars province in Iran is one of the most important agricultural regions, and it is considered one of the WSRs of the world. The average rainfall in this province was about 322 mm during the years 1992–2013, and this province encountered severe droughts between 2003 and 2011 (Mirzaei et al., 2022b). Also, predictions indicate that in the future, the temperature will increase and soil moisture will decrease in Fars province (Gandomkar and Dehghani, 2012). Doroodzan Dam basin in Fars province is one of the most important regions in Iran, and Bakhtegan Lake is located at the end of this region. This lake is the second largest lake in Iran in terms of size and is classified as a national park (Tarazkar, 2016). This lake is fed by Kor River, which originates from the heights of the Zagros mountains. Doroodzan dam’s irrigation network (Ramjerd plain irrigation network) is one of the important agricultural areas in this basin, which is considered as the study area. This irrigation network is located in the northwest of Fars province and is fed from the outlet of Doroodzan Dam (Figure 1). The water released from the Doroodzan Dam enters the main channel of the irrigation network of the Doroodzan and before reaching the water distribution structure, a part of water is allocated for drinking and industrial purposes. Also, the Abraj canal is located before the distribution water structure. In the distribution water structure, the water branches into 4, main, left, Hamon and Ordibehesht canals. Abaraj canal, which is located before the water distribution structure, has a length of about 5 km and this canal covers 1934 ha of agricultural land. The canals branched from the distribution water structure include the main, left, Hamoon and Ordibehesht canals, which have a length of 22, 67, 34 and 22 km, respectively, and each of these canals cover about 6,108, 22,096, 15,946 and 5,430 ha of agricultural fields (Figure 2).
[image: Figure 1]FIGURE 1 | Location of irrigation network of doroodzan dam in fars province, Iran.
[image: Figure 2]FIGURE 2 | Schematic of the irrigation network channels of doroodzan dam.
3 MATERIALS AND METHODS
3.1 Data
In the present study, the data required to extract the resources allocation pattern based on the WEFN, including the information related to the technical coefficients of the production inputs and the crops production cost, were extracted from the farmers of the study area via the design of questionnaires and interviews. For this purpose, a sample of farmers supported by the irrigation network of Doroodzan Dam was chosen using multi-stage random sampling method. In this way, at first, the villages covered by this irrigation network were divided into three categories, low, medium and high by the clustering method, based on the amount of water withdrawal. Then, some villages were selected using simple random sampling from each category according to the total number of villages in that category. Finally, 100 sample farmers were determined based on the population of farmers in the villages using the simple random sampling method. Also, the data related to the cultivation area, the amount of water resource consumption, crop yield and the amount of consumption of other production inputs per unit area, are based on agricultural service centers, agricultural jihad and Fars regional water Company. Then, a pair-wise comparison questionnaire of the WEFN criteria was completed via 10 economic and environmental experts and, the weight of the WEFN criteria was calculated in accordance with this information. Ultimately, in order to analyze the ABM, interviews were conducted with the sample farmers in the study area and the given policy options were shared with them.
3.2 Conceptual framework
The conceptual framework of the study is depicted in Figure 3. The criteria related to the WEFN were determined according to the review of the literature in this field (El-Gafy et al., 2017; González-Bravo et al., 2018; Nhamo et al., 2020; Sadeghi et al., 2020; Radmehr et al., 2021; Mirzaei et al., 2022a; Saray et al., 2022). The energy consumption data in the production of different crops can be calculated via the energy equivalent of the consumption production inputs (El-Gafy et al., 2017; Sadeghi et al., 2020). The water and energy physical productivity criteria (Wp and Ep) for different crops (c) are obtained from the ratio of crop yield (Y) to the amount of water and energy consumption (W and E) of that crop per unit area.
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[image: Figure 3]FIGURE 3 | Conceptual framework of the present study.
The water and energy economic productivity measures (Wep and Eep) were also obtained from the ratio of the gross margin (GM) of the crop to water and energy consumption of that product per area unit.
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In the second stage, the weight of the importance of these criteria was obtained from the experts’ opinion (Nhamo et al., 2020). For this purpose, the WEFN index was calculated by separating the crops in the cropping pattern using the fuzzy analytic hierarchy process (FAHP) method and then the TOPSIS method. In the third step, based on the existing cultivation area, the cropping pattern was determined according to the WEFN index. In the final stage, the resources allocation pattern based on the WEFN along with the policy options was shared with the given sample farmers and the cooperation or non-cooperation of farmers with the proposed model with and without the government’s policy options was evaluated by the ABM. (Akhbari and Grigg, 2013; Akhbari and Grigg, 2015; Guo et al., 2022; Mirzaei and Azarm, 2022).
3.3 Research methods
3.3.1 FAHP and TOPSIS
In the present study, the Fuzzy Analytic Hierarchy Process (FAHP) is used which was presented by Chang in 1996 as a quantitative analysis method (Chang, 1996). All the calculations related to the FAHP process are based on the decision maker’s initial judgment in the form of pairwise comparison matrices. The compatibility indices were used in order to evaluate the compatibility of decision makers’ responses. After calculating the value and weight of the relative importance of WEFN criteria for different crops, the performance matrix was formed and, it was prioritized and determined the share of crop cultivation using the TOPSIS method (Table 1).
TABLE 1 | The performance matrix of TOPSIS method.
[image: Table 1]According to Table 1, W denotes the importance weight of criteria calculated via FAHP method and elements anm are the calculated values ​​of each crop for different criteria. The TOPSIS method, which selects the shortest distance from the ideal solution as the best option, is part of the category of compromise or agreement methods with the following steps:
1) At first, the maximum value is the best for some criteria, and the minimum is the best for other criteria. Therefore, the ideal alternative is as follow:
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2) In the second stage, for the best maximum criteria, the lowest value and for the minimum best criteria, the highest value was identified and the anti-ideal alternative was formed.
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3) In the last step, the proximity index related to each option (product) was calculated through the following formula:
[image: image]
Where R− is the distance of each alternative from the worst option and R+ is the distance of each alternative from the ideal option. Next, to evaluate the share of each crop in the cropping pattern, the closeness index was normalized. Thus, the closeness index of each crop was divided by the sum closeness index of the crops and the share of each crop in the cropping pattern based on WEFN was calculated.
3.3.2 Agent based model (ABM)
The ABM was used to investigate the cooperative behavior of farmers with the resources allocation pattern based on WEFN system. Since the proposed pattern based on the WEFN is obtained through multi-criteria methods, it does not consider the limitation of water resources like mathematic programming models. Thus, in a region with water scarcity crisis, there are many challenges to implement the proposed resources allocation pattern. Therefore, in order to implement the resources allocation pattern based on WEFN in a WSR, it is necessary to evaluate the strategies to increase water efficiency along by incentive policies.
The key factors in the implementing of ABM model are (Makall and North, 2006): 1) definition of agents, 2) precise determination of agents behaviors, 3) definition of the environment in which agents are located, 4) determination of the relationship between agents, and the development of a theory about the interaction of agents with each other and with the environment, 5) the development of data related to agents, 6) the appropriate presentation of the interaction of agents with each other and agents with the environment, 7) evaluation of the accuracy of the behavioral model agents.
The ABM proposed in the present study is planned to provide a tool that helps to find effective policies options to encourage farmers to cooperate with a cultivation pattern based on WEF nexus. In this ABM model, agents include farmers and government or policy-making organizations in the agricultural sector. Farmers seek to maximize their utility from crop cultivation, and policy-making organizations seek to encourage farmers to follow the proposed cultivation pattern. The environment in the present study determines the proposed cultivation pattern, which is an optimal and sustainable pattern based on WEF nexus objectives. The interaction of farmers with each other are defined based on social pressures and the relationship between farmers and the government/policy-making organizations are designed based on incentive policy options. Data related to agents are obtained based on existing policy conditions and questions from farmers. In the end, a triangular utility function is used to validate the model, based on which it is possible to understand whether the policy options can increase the utility of farmers compared to the existing conditions and encourage them to follow the proposed cultivation pattern more.
Figure 4 shows the structure of the proposed ABM to formulate this model. At first, farmers’ decisions are based on profit of proposed pattern compared to current profit. Therefore, if the profit of the proposed model is more than the current model, they participate with the proposed pattern and vice versa. Then, the effects of the social pressures of farmers on each other and the changes in farmers’ decisions are evaluated. In the third stage, the government’s incentive policies options are investigated in order to encourage the cooperative farmers to continue their decision and incite no-cooperative farmers to change their decision.
[image: Figure 4]FIGURE 4 | ABM formulation structure.
Farmers’ utility to continue or change their behavior was measured based on the social pressures and government policy options (Edwards et al., 2005; Farhadi et al., 2016; Mirzaei and Zibaei, 2021; Mirzaei and Azarm, 2022).
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As shown in the equations, the cooperative farmer decides to continue his behavior or change his cooperative behavior according to the utility obtained. For a cooperative farmer, [image: image] and [image: image] indicate the desirability of this farmer, respectively by continuing cooperative behavior and changing behavior from cooperation to non-cooperative with the proposed pattern (Eq. 4). Also, for a non-cooperative farmer, [image: image] and [image: image] indicate the utility of this farmer by changing his behavior towards cooperation and continuing non-cooperative behavior, respectively (Eq. 5). In these Equations, utility is a function of social pressures and incentive policies of the government. To calculate social pressures, Si(C) and Si (NC) are the ratio of cooperative and non-cooperative farmers to the total farmers in the present sample, respectively. Parameters a and b are equal to 0.7 and parameters c and d are equal to 0.3 (Edwards et al., 2005; Akhbari and Grigg, 2013; Farhadi et al., 2016; Mirzaei and Zibaei, 2021). Pm also indicates the incentive policy options of the government. The lack of Pm in the utility function indicates the absence of policy options to persuade farmers to participate in the proposed pattern. For quantification of the government's incentive policy options, it is necessary to calculate the level of farmers' utility with each of the policy options. It is worth to mention that there are many different incentive strategies; however, incentive solutions should be acceptable by the government and government institutions. Thus, in the present study, the motivational solution of granting facilities to develop the use of new irrigation technologies is taken into consideration. Then, the farmers were asked three basic questions to extract the utility function with and without this motivational solution as:
A) The interest rate of the facility, on that value or above it, no utility is obtained.
B) The interest rate of the facility in which the maximum utility is achieved.
C) The interest rate of the facility, as on that amount and lower than that, no utility is obtained (Based on this value, you feel that the banks and the government will be at loss, and you do not consider this value to be reasonable for the progress of the project in the long term). Therefore, the given utility function is a triangular function (Figure 5).
[image: Figure 5]FIGURE 5 | - Farmers’ utility function.
4 RESULTS AND DISCUSSION
According to the concept of WEFN, water and energy consumption criteria, water and energy physical productivity, and water and energy economic productivity were calculated in the Doroodzan Dam irrigation network (Table 2). It is worth noting that the amount of energy consumption of different crops is calculated by the equivalent energy consumption and the consumption of production inputs of machinery, labor, fertilizers and pesticides, electricity, fuel, irrigation water and seed. The energy consumption of different inputs in the manufacturing of products is also based on the study done by Sadeghi et al. (2020).
TABLE 2 | The current cultivation area and calculated criteria of WEFN.
[image: Table 2]The total cropping area covered by the irrigation network of Doroodzan Dam is about 51,514 ha, and the major crops in Table 2 cover 50,997 ha of these fields (about 99%). According to the results of Table 2, the largest amount of cropping area is dedicated to wheat with about 71% share of the cropping pattern. Rice and barley have the highest and lowest water consumption with 28,000 and 9,445 cubic meters per hectare, respectively. The highest and lowest amount of energy consumption is related to the two crops of tomato and barley with 47,556 and 37,524 MJ per hectare. The highest amount of water physical productivity is dedicated to the two crops of green-maize and tomato with 4.467 and 3.582 Kg/M3 respectively, and the rice crop has the lowest amount of water physical productivity with 0.154 Kg/M3. In the studies of El-Gafy et al. (2017), El-Gafy (2017) and Radmehr et al. (2021), water physical productivity for tomato crop was evaluated more than other crops, and the high level of physical productivity of water for green-maize in the studies of Mirzaei et al. (2022a) and Saray et al. (2022) has been indicated. In addition, green-maize and rapeseed crops have the highest and lowest energy physical productivity with 1.606 and 0.082 kg/MJ, respectively. Energy physical productivity for green-maize in the studies of Mirzaei et al. (2022b) and Saray et al. (2022) is also examined more than other crops. Finally, based on both criteria of water and energy economic productivity, tomato has the highest value among the studied crops with 0.0472 dollars per M3 of water economic productivity and 0.0283 dollars per Mj of energy economic productivity. Despite tomato, rapeseed has the lowest economic productivity of water and energy with 0.0226 and 0.0060, respectively. In the studies conducted by El-Gafy et al. (2017) and El-Gafy (2017), two crops of onion and tomato have the highest economic productivity of water and energy. However, in the study of Sadeghi et al. (2020), onion has the highest economic productivity of water and energy among crops.
According to the information in Table 2 and also the weight of the importance of WEFN index criteria, the value of the index was calculated separately for different crops. For this purpose, at first, the weights of the WEFN criteria were calculated via the FAHP method, and then the closeness index of the crops was calculated using the TOPSIS method based on the examined criteria, which indicates the WEFN index for different crops. Thus, first the normalized performance matrix was calculated (Table 3). Then, the weighted normalized performance matrix was extracted from the product of the weights of the criteria in the resulting normalized values ​​and ideal and anti-ideal alternatives were extracted based on the action of each criterion (Table 4). Finally, the closeness index of crops, and the share and amount of crops in the proposed cropping pattern were determined (Table 5).
TABLE 3 | The normalized performance matrix of TOPSIS method.
[image: Table 3]TABLE 4 | The weighted normalized performance matrix and ideal and anti-ideal alternatives.
[image: Table 4]TABLE 5 | The closeness index of crops, share and amount of cultivated area of crops based on WEFN.
[image: Table 5]The results of Table 5 showed that the share of tomato, green-maize and rice in the cropping pattern is higher than other crops. Based on this finding, the proposed pattern based on WEFN does not necessarily recommend reducing the share of water-intensive crops in the cropping pattern. In the studies done by El-Gafy et al. (2017), Nahidul Karim and Daher (2021), Saray et al. (2022), and Li et al. (2022), the high share of the cropping area of ​​water-intensive crops in the proposed pattern based on WEFN is confirmed. For example, Li et al. (2022) argued that if there are adequate water resources in a region, the share of rice crop in the WEFN is increased. In the study of Saray et al. (2022), the high share of the cultivated area of green-maize in the WEFN-based cropping pattern has also proved. However, in the studies of Yu et al. (2020), Sadeghi et al. (2020), Radmehr et al. (2021) and, Mirzaei et al. (2022a) due to the limitation of water resources in the mathematical programming model, the WEFN-based cropping pattern suggested reducing the share of the cultivated area of water-intensive crops. Therefore, it is concluded that the implementation of the pattern based on WEFN at the level of the irrigation network of Doroodzan Dam, which is encountering a water resource crisis, may not be possible. For a better understand of the conditions of resources allocation, the WEFN criteria in this pattern was compared with the current cultivation pattern (Figure 6).
[image: Figure 6]FIGURE 6 | Comparison of current and proposed WEFN-based patterns.
Figure 6. Showed that in the proposed pattern based on WEFN, all the criteria except the water consumption criterion will be improved compared to the current pattern. Water consumption is such that in the pattern based on WEFN, it will increase by 33% compared to the current conditions. Also, among the criteria, the physical productivity of water and energy experiences the highest improvement with 200% and 156%, respectively. The WEFN pattern is an optimal pattern from the perspective of sustainability due to the improvement of the physical and economic productivity criteria of water and energy, but the water consumption in this pattern is increased compared to the current conditions. Hence, the operationalization of this pattern will not be possible due to the conditions of water resources in arid and semi-arid regions. In this study, we should implement policies to reduce water consumption to achieve the WEFN-based pattern. For this purpose, the policies of adopting new irrigation technologies, improving water transfer channels to farms, plastic covering of crops on the farm, etc. Can reduce water consumption in order to achieve the WEFN-based model (Mirzaei and Zibaei, 2021). For example, the policy of developing the use of new irrigation technologies at the farm level was evaluated considering the farmers’ behavior in order to analyze the implementation of the WEFN-based pattern. To do this, the sample farmers of the study area were asked about their cooperation and non-cooperation in using new irrigation technologies and implementing the pattern based on the WEFN in order to reduce water consumption and achieve the goals of the WEFN (Table 6).
TABLE 6 | The level of cooperation and non-cooperation of farmers with policy options.
[image: Table 6]Table 6 indicated that 37 individuals (percent) of the farmers in the present sample adopt new irrigation technologies as an approach to reduce water consumption, and 63 individuals (percent) of them do not use this strategy. In other words, the strategy of developing the use of new irrigation technologies is encountered with the resistance of most farmers in this region. Also, the implementation of the proposed pattern based on the WEFN was shared with the farmers in the present sample and it was found that 81 individuals (percent) of the farmers considered the water scarcity as the main problem for the implementation of such a pattern and stated that by increasing the water allocation, this pattern is implemented. The reason for the high adoption of the proposed pattern is that this pattern provides good economic returns to farmers (the results of Figure 6 indicated that the economic return in the proposed pattern based on the WEFN has increased by about 53% compared to the current pattern). Also, 19 farmers in the present sample are not willing to participate despite the high productivity of the proposed pattern based on WEFN, which is due to the resistance and inflexibility of these farmers to change cropping from a crop such as wheat to some crops such as tomatoes and green-maize. Finally, the simultaneous adoption of expansion of the use of new irrigation technologies and the implementation of the proposed pattern based on the WEFN to achieve the goals of reducing water consumption and sustainable development were asked and it was found that only 24 individuals (percent) of the sample participated in this project. Therefore, it can be found that the implementation of new irrigation technologies combined with the WEFN pattern will not be applicable due to the mental resistance of farmers to changing the irrigation technology and cropping pattern. Thus, it is required to evaluate the social pressures of farmers on each other as well as the incentive policies of the government in order to change the attitude of farmers towards participation with the plan. Granting facilities to farmers to develop new irrigation technologies is one of the most prevalent incentive policies in Iran. Therefore, the behavior of 24 cooperative farmers and 76 non-cooperative farmers was analyzed based on the effects of farmers’ social pressures on each other and the policy of granting facilities with different interest rates (Figures 7, 8).
[image: Figure 7]FIGURE 7 | Analysis of the behavior of cooperative farmers with S1 and S2 policies. (C to C: Continue cooperative behavior and C to NC: Changing from cooperative to non-cooperative behavior).
[image: Figure 8]FIGURE 8 | Analysis of the behavior of non-cooperative farmers with S1 and S2 policies. (NC to C: Changing from non-cooperative to cooperative behavior and NC to NC: Continue non-cooperative behavior).
The results demonstrated that the granting of facilities in an interest rate of 18% (the rate of the majority of facilities given in Iran) causes that only six cooperative farmers remain in a cooperative state and 18 of them have changed their behavior and they are not willing to accept the proposed plan. Despite the encouraging scenario of granting facilities for the development of new irrigation technologies, this behavior change is caused by the social pressures of farmers, because the attitude of the majority of the present sample is not cooperative (76 people out of 100) and this will lead to a change in the behavior of cooperative farmers. As shown in Figure 7, the reduction of the interest rate of facility makes more cooperating farmers continue their cooperative behavior with the proposed plan. In the interest rate of 12%, the number of farmers who will continue to participate in the proposed plan will be more than the number of non-cooperative farmers, and in the interest rate of 8%, all the cooperative farmers will remain in a cooperative state without changing their behavior.
According to Figure 8, granting facilities in an interest rate of 18% cannot persuade non-cooperative farmers to participate in the proposed policies. However, out of 76 non-cooperative farmers, only five individuals were willing to change their behavior towards participation. However, with the reduction of interest rate, more farmers are encouraged to change their behavior and adopt the proposed policies. At the interest rate of 14%, the number of farmers who change their behavior and participate in the proposed policies are more than the farmers who remain in the non-cooperative state. Also, the scenario of granting facilities in an interest rate of 10% is considered as a suitable incentive to change the behavior of non-cooperating farmers and can make all non-accepting farmers accept the proposed policies.
Also, Figure 9 showed that granting facilities for the development of new irrigation technologies with the current interest rate of facilities in Iran (18%) cannot lead farmers to adopt these technologies as well as the proposed pattern based on the WEFN. Based on the obtained results, reducing the interest rate of granted facilities to 14% will make it possible to accept the proposed policies by more than half of the farmers in the present sample of study. Also, at an interest rate of 8%, all farmers are willing to adopt the proposed pattern based on the WEFN to achieve the goals of sustainable economic development and use new irrigation technologies to reduce water consumption. In general, it can be said that not considering the cooperative behavior of farmers in WSRs can result into to the failure of the proposed programs and pattern, and farmers should be encouraged to participate more in water resources management plans (Akhbari and Grigg, 2015; Farhadi et al., 2016; Mirzaei and Zibaei, 2021; Mirzaei and Azarm, 2022).
[image: Figure 9]FIGURE 9 | The level of cooperative and non-cooperative of farmers under social pressure and incentive policy options.
5 CONCLUSION
Sustainable economic development in the agricultural sector will not be achieved without paying attention to the sustainable consumption of resources such as water and energy in this sector. In this regard, the resources allocation pattern based on the WEFN can make it possible to achieve sustainable economic development in the agricultural sector. At the same time, the implementation of pattern based on WEFN in WSRs faces many challenges. The lack of water resources to improve the physical and economic productivity of water and energy as the main criteria in the WEFN will lead to farmers not adopting these patterns. Therefore, in the present study, the implementation analysis of the pattern based on the WEFN in WSRs was analyzed. For this purpose, the irrigation network of Doroodzan Dam in Fars province in Iran was selected as a WSR and the pattern based on WEFN was extracted using the combination of FAHP and TOPSIS methods. The results showed that the proposed pattern based on the WEFN will improve the physical and economic productivity of water and energy, but will not reduce water consumption. Therefore, the use of the WEFN-based pattern by farmers in the WSR requires encouraging farmers to reduce the consumption of water resources through government policy options. In this study, the policy of granting facilities at different interest rates to expand the use of new irrigation technologies was evaluated. In this regard, the ABM was used to analyze the cooperative behavior of farmers with incentive policy options. The results showed that the farmers of the studied area are resistant and would not be willing to accept the use of new irrigation technologies and the pattern based on the WEFN. This is despite the fact that reducing the interest rate of granted facilities can encourage cooperative farmers to continue this behavior and non-cooperative farmers to change their behavior. In general, it can be concluded that only the extraction of patterns based on the WEFN cannot lead to the sustainable economic development of the agricultural sector, and the evaluation of the implementation of these patterns is of great importance, especially in regions with water resource crisis. Therefore, it seems necessary to pay attention to the status of water resources in the studied agricultural regions as well as the behavior of farmers in those regions. Finally, it is suggested that for future studies, the conceptual framework of the present study should be used to apply researches in the field of WEFN. In addition, it is suggested that due to the effect of climate change on the proposed cultivation pattern and the subsequent change in the agents’ behavior, in future studies, the role of this important factor in modeling the WEF nexus is addressed.
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