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The quality and safety of agricultural products are related to people’s lives and health, economic development, and social stability, and have always been a hot issue of concern to the government and society. The rapid development of digital traceability technology in the digital environment has brought new opportunities for the supervision of agricultural product quality and safety, but the frequent occurrence of agricultural product safety incidents in recent years has exposed many problems such as the lack of governmental supervision, unstandardized production process of enterprises, and weak consumer awareness. To improve the cooperation efficiency of stakeholders and ensure the quality and safety of agricultural products, this paper proposes a dynamic model based on evolutionary game theory. The model incorporates the government, agricultural product producers, and farmers, and evaluates the stability and effectiveness of the system under different circumstances. The results of the study show that there are multiple evolutionary stabilization strategies in the tripartite evolutionary game model of agricultural product quality and safety supervision, and there are corresponding evolutionary stabilization conditions. There are several factors affecting the stability of the system, the most important of which are government regulation, severe penalties for agricultural product producers, and incentives. When these factors reach a certain threshold, the stakeholder cooperation mechanism can establish an evolutionarily stable strategy. This study contributes to the understanding of the operational mechanism of stakeholder cooperation in agricultural product quality and safety regulation in the digital environment and provides decision support and policy recommendations for stakeholders to promote the sustainable development and optimization of agricultural product quality and safety regulation.
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1 Introduction

The quality and safety of agricultural products are the foundation of food quality and safety, which is related to people’s health and life safety, and has a bearing on farmers’ income increase and the high-quality development of agriculture and rural areas (1, 2). Ensuring the quality and safety of agricultural products has become an important challenge as the demand for agricultural products increases year after year with the growing population and accelerated urbanization (3, 4). With the continuous progress of science and technology and the popularization of information technology, digital technology has brought new opportunities for supervising agricultural quality and safety (5), such as real-time monitoring and collection of agricultural product quality data, and agricultural product quality traceability based on blockchain. However, there have been frequent incidents of quality and safety of all kinds of agricultural products (6, 7), such as the “stale grain” incident, the “Sudan red incident” (8), the “malachite green incident,” the “artificial honey” incident in Wuhan, Hubei, and other places, and so on. These events have exposed that digital traceability technology has not been effectively used in the supervision of agricultural product quality and safety, and how to apply digital technology to the supervision of agricultural product quality and safety has become an urgent problem to be solved (9).

The process of monitoring the quality and safety of agricultural products involves the government, agricultural production enterprises, consumers, and other multi-interested parties (10, 11). Scholars at china and abroad have conducted some studies on the roles played by various subjects in the supervision of agricultural product quality and safety. The government plays a leading role in the process of regulating the quality and safety of agricultural products and is involved in the complete industrial chain of agricultural products from field to table (12, 13). Teng et al. (14) argue that effective government regulation can promote farmers’ green production behavior. According to Bhatt, the regulation of agricultural product trading has gradually tended to be government-led (15), with coordinated social supervision covering the media, consumers, the general public, and even farmers and enterprises. Agricultural production enterprises, as important providers of agricultural products, also play an important role in the management of agricultural product quality and safety (16, 17). Enterprises, as a fit between business and information flows, have different advantages in food safety and quality control practices (18). Lezoche et al. (19) believe that the core enterprises of the agricultural supply chain have an important position in the agricultural supply chain, can influence other members of the supply chain to maintain a dynamic cooperation mechanism, and play an important role in quality and safety management (20). Consumers, as direct stakeholders (21), have become important participants in the supervision of agricultural product quality and safety (22). Introducing consumer participation in governance and giving full play to the power of consumer groups can effectively alleviate the problem of insufficient regulatory resources and help eliminate regulatory blind spots, which is an inevitable choice for social co-governance of food safety (23).

Traceability is vital in food quality and safety management (24). With the deep integration of digital technologies such as the Internet of Things, big data, cloud computing, blockchain, and other digital technologies with intelligent agriculture (2, 25), the digital agricultural product traceability system provides a new way of thinking for the supervision of agricultural product quality and safety (26). Consumers are also more inclined to buy traceable produce (21). Establishing the digital agricultural product traceability system requires the joint participation of the government, agricultural product producers, processors, inspection and certification organizations, consumers and other main bodies, which is indispensable.

An evolutionary game model is a mathematical model that uses the principles of evolution and the framework of game theory to study the interactions between individuals in a biological population (27). The model aims to explore how the frequency of different types of individuals in a population changes over time and how this change is affected by interactions between individuals and environmental influences (28, 29). Evolutionary game models are often used by scholars to discuss the interrelationships between the three parties in an interaction. For example, in environmental monitoring, Encarnação et al. (30) develop a new framework based on evolutionary game theory, envisioning that the state, business and civil sectors are faced with the dilemma of deciding between maintaining the status quo or shifting to a new paradigm, and the results show that public intervention is essential for shifting to a new paradigm, and that synergies between the private and civil sector are an important step in supporting the paradigm shift. In Healthcare Investing, Alalawi et al. (31) provide a theoretical and simulation analysis of healthcare business models involving Public Healthcare Providers, Private Healthcare Providers and Patients, contributing to the modeling of the healthcare economy by analyzing the dynamics of agents and the emergence of collaborative behaviors in the three populations. Bova et al. (32) use evolutionary game models to explore the role governments can play in building regulatory markets for AI systems to prevent reckless behavior. So it can be concluded from previous studies that the evolutionary game model can help us analyze the conflict of interest and cooperation between different stakeholders (33). In our research, the field of agricultural product quality and safety supervision involves multiple stakeholders (34), and the evolutionary game model helps to reveal the complex game relationship among them. Simulating the strategy selection and decision-making process of each participant helps to optimize the regulatory system and improve the quality and safety of agricultural products (35). In the regulation of agricultural product quality and safety, information asymmetry often leads to increased difficulty in regulation, and the dynamic process of information transfer and gaming can be better understood using evolutionary game models (36). The evolutionary game model can predict the behavioral evolution paths of different players in different contexts (37), which helps to formulate more effective regulatory strategies and countermeasures and improve regulatory effectiveness quality and safety levels.

Therefore, scholars have widely used game theory in the study of quality and safety control of agricultural products (38, 39). Chen et.al (40) analyzed input capacity constraints’ impact on food quality and quality regulation through game theory. Based on the evolutionary game theory, a game model between the government, farmers, and consumers was established, and the results showed that the government subsidy strength, to farmers, consumer trust coefficient, and willingness to pay the premium for carbon-labeled agricultural products were positively correlated with the adoption of low-carbon production behavior by farmers. Chen et al. (41) introduced the social preference theory to construct an evolutionary game model among multiple subjects and studied how to guide the behavioral decisions of multiple subjects to be standardized and rationalized (42). Teng et al. (14) studied the evolutionary decision-making behavior of government, farmers, and consumers based on the perspective of agricultural product quality and safety. Ma et al. (43) constructed a three-party evolutionary game model of consumers, government, and farmers in the context of COVID-19 prevention and control normalization. The results showed that the cost of government regulation, the evaluation of the government by consumers and pig farmers, the government’s subsidies to pig farmers and consumers, and the proportion of stakeholder behaviors affect the formation of the three-party relationship.

Some scholars have used evolutionary game theory to model incentives and agreement compliance. For example, Li et al. (44) established an evolutionary game model of the governance mechanism of the recycling industry and analyzed the impact of government punishment on the behavioral strategies of recycling firms. Sasaki et al. (45) combine key aspects of characterizing different punishment mechanisms in an evolutionary game-theoretic perspective and introduce a strategy of simultaneous commitment to cooperation and peer punishment to investigate a new mechanism for maintaining social order. Starting from a game-theoretic model that captures hegemonic competition in the field using artificial intelligence techniques, Han et al. (46) show how sanctions, when applied unconditionally to potentially unsafe behaviors, may produce socially undesired outcomes. With the help of evolutionary game theory, Ogbo et al. (47) analyze how ex-ante commitment can enhance the coordination of parties in two-by-two and multi-party interactions when the outcome presents an asymmetric payoff structure. Barrett uses a simple game model to illustrate whether and how treaties and related institutions can change incentives to align national self-interests with collective interests (48). Han, on the other hand, shows that evolutionary game theory provides a suitable tool for studying the evolution of cooperative behaviors in social dilemmas as they are governed by institutional incentives and prior commitments (49). Therefore, this paper also adopts evolutionary game theory to discuss the dynamic reward and dynamic punishment mechanism under the participation of multiple actors in the supervision of agricultural product quality and safety.

Some scholars have also taken digitization into account. Wan (50) applies big data technology to the governance of agricultural product quality and safety and utilizes extensive data methods to study the critical control points in the traceability process of agricultural products. Considering the altruistic reciprocity of supermarkets and the fairness concern of processors, respectively, Qin et al. (51) placed the Stackelberg game model under the Corporate social responsibility of processors and investigated the effects of Corporate social responsibility, altruistic reciprocity, and fairness concern on the quality improvement of agricultural supply chains.

In summary, most of the existing studies are on traditional agricultural product quality and safety supervision, and some scholars have studied agricultural product quality and safety traceability and governance from the perspective of big data technology. Few scholars have applied evolutionary game models to agricultural quality and safety regulation in digital environments. Therefore, this paper adopts the evolutionary game method to study the behavioral strategies of the government, agricultural product producers, and consumers in the process of agricultural product quality and safety supervision under the digital environment, analyze the mutual influence of strategic choices between different subjects, and provide theoretical references for the construction of the digital agricultural product traceability system, to further improve the quality and safety of agricultural products, safeguard the rights and interests of consumers, and continuously maintain the stability of the social order.



2 Model assumptions and construction


2.1 Model assumptions

In this paper, we choose three subjects: government, agricultural producers, and consumers, and put forward the following hypotheses:

1. The government is Participant 1, the agricultural producer is Participant 2, and the consumer is Participant 3. All three participants are assumed to be finite-rational and aim to maximize profit.

2. The government’s strategic choice is to “Regulate” or “Not regulate.” Assume that the probability that the government chooses to “regulate” is x (0<x<1), and the probability that it chooses “Not regulate” is 1-x. When the government chooses to “Regulate,” it will incur the cost of regulation, but it will also enhance the government’s image and trust, and gain certain benefits; when the government chooses “Not regulate,” it will not incur the cost of regulation, but it will lower the government’s image and trust, and incur the certain loss of trust.

3. The strategic choice of the agricultural producer is “Build” or “Not build”. Assume that the probability that an agricultural enterprise chooses to “build” is y (0<y<1), and the probability that it chooses to “not build” is 1-y. When an agricultural producer chooses to “building,” i.e., construct a digital traceability system for agricultural products, it will incur the cost of construction, but the government will provide incentives, and at the same time improve the reputation and trust of the enterprise; When an agricultural product manufacturer chooses “not build”, i.e., chooses not to build a digital traceability system for agricultural products, it will save the technical, human and financial costs of building a traceability system, but it will be penalized by the government accordingly, and at the same time, it will also reduce the reputation and trust of the enterprise.

4. The consumer’s strategic choice is “satisfied” or “dissatisfied”. Assume that the probability that the consumer chooses “satisfied” is z (0<z<1), then the probability that the consumer chooses “dissatisfied” is 1-z. When consumers are “satisfied” with the products produced by agricultural product manufacturers and the operation of the digital agricultural product traceability system, they will receive corresponding economic, health and environmental benefits. When consumers are “dissatisfied” with the products produced by agricultural product manufacturers and the operation of the digital agricultural products traceability system, they will incur corresponding rights defense costs. In contrast, agricultural product manufacturers will incur corresponding losses.

Based on the above, the game process between the government, agricultural producers, and consumers is visualized by building a game tree, as shown in Figure 1.

[image: Figure 1]

FIGURE 1
 Gaming tree.




2.2 Model construction


2.2.1 Parameter setting



2.2.2 Payment matrix

According to the parameter settings in Table 1, the payment matrix of the three parties of the game is constructed, as shown in Table 2.



TABLE 1 Related parameter settings.
[image: Table1]



TABLE 2 Payment matrix for the three parties of the game.
[image: Table2]





3 Model analysis

An evolutionarily stable strategy is a strategy in a population that maintains a high degree of adaptability in the face of different strategies and cannot be replaced by other strategies (52). This strategy maintains its dominant position in the group through stability and non-invasiveness, and remains relatively stable during the evolutionary process. We search for more stable strategies by building game models and analyzing the evolution of strategies.


3.1 Government’s evolutionarily stable strategy

The expected returns to government regulation and non-regulation[image: image], [image: image], and the average expected return [image: image] are:
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The replication dynamic equation for government strategy choice is:

[image: image]

When [image: image], [image: image], It is in a steady state regardless of the value of x. If [image: image], it is in a steady state at [image: image] and [image: image].

Perform a derivation of [image: image].

When [image: image], [image: image], [image: image], [image: image] is an evolutionarily stable strategy. When [image: image], [image: image], [image: image], [image: image]is an evolutionarily stable strategy.



3.2 Evolutionary stabilization strategies for agricultural producers

The expected returns of agricultural producers[image: image], [image: image], and the average expected returns [image: image] are:
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The replication dynamic equation for the strategy choice of agricultural producers is:
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If [image: image], [image: image], it is stable regardless of the value of y. If [image: image], then it is in a steady state at y = 0 and y = 1.

Perform the derivation on [image: image]:
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When [image: image],[image: image], [image: image], [image: image] is an evolutionarily stable strategy. When [image: image], [image: image], [image: image], [image: image] is an evolutionarily stable strategy.



3.3 Evolutionary stabilization strategies for consumers

Consumer satisfaction and dissatisfaction expected returns [image: image] and [image: image], and average expected return [image: image] are:
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The replication dynamic equation for consumer strategy choice is:
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If [image: image],[image: image], it is stable regardless of the value of z. If [image: image], then it is in a steady state at z = 0 and z = 1.

Perform the derivation on [image: image]:

[image: image]

When [image: image], [image: image], [image: image], [image: image]is an evolutionarily stable strategy. When [image: image], [image: image], [image: image], [image: image]is an evolutionarily stable strategy.



3.4 Stability analysis

The system equilibrium point is [image: image], [image: image], [image: image], [image: image], [image: image], [image: image], [image: image], [image: image] from [image: image],[image: image],[image: image]. The Jacobi matrix of the three-party evolutionary game [image: image].
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Substituting the eight equilibrium points into the Jacobi matrix, respectively, the corresponding eigenvalues of each equilibrium point can be obtained, as shown in Table 3. According to the evolutionary game theory, the equilibrium point that satisfies the Jacobi matrix when all the eigenvalues are negative is the evolutionary equilibrium point.



TABLE 3 Eigenvalues of the Jacobi matrix.
[image: Table3]

Scenario 1 When[image: image], the trust loss of the government choosing not to regulate is smaller than the cost of choosing to regulate. The punishment of the government that the agricultural product producer chooses not to build the digital agricultural product traceability system is smaller than the cost of choosing to build it. The benefit the consumer gets when satisfied is more significant than the cost of defending his rights when dissatisfied. At this point, as can be seen from Table 4, the eigenvalues of the Jacobian matrix corresponding to the equilibrium point [image: image] are all less than 0. The equilibrium point [image: image] is stable, and its corresponding evolutionary strategy is (Not regulate, Not build, Satisfied).



TABLE 4 Stability analysis of the equilibrium solution.
[image: Table4]

Scenario 2 When [image: image]and[image: image], the cost to the government of choosing to regulate is less than the benefit of choosing to regulate. The penalties imposed on agricultural producers for choosing not to build a traceability system are greater than the sum of the benefits and incentives of choosing to build one. When satisfied, the benefits of food safety to consumers are more significant than the costs of defending their rights when dissatisfied. At this point, as can be seen from Table 4, the eigenvalues of the Jacobian matrix corresponding to the equilibrium point [image: image] are all less than 0. The equilibrium point [image: image] is stable, and its corresponding evolutionary strategy is (Regulate, Not build, Satisfied).

Scenario 3 When [image: image] and [image: image], the cost to the government of choosing to regulate is less than the benefit it receives from choosing to regulate, and the cost to agricultural producers of constructing a digital traceability system is less than the penalties imposed by the government in the event of consumer dissatisfaction. At this point, as can be seen from Table 4, the eigenvalues of the Jacobian matrix corresponding to the equilibrium point [image: image] are all less than 0. The equilibrium point [image: image] is stable, and its corresponding evolutionary strategy is (Regulate, Build, Satisfied).




4 Simulation analysis

Scenario 1 [image: image]. When [image: image], [image: image], [image: image], [image: image], [image: image], [image: image], [image: image], [image: image], [image: image], [image: image]. The results of the simulation experiment are shown in Figure 2. As can be seen from the figure, the probability that the government chooses to regulate keeps decreasing until it is 0; the probability that the agricultural producer chooses to construct keeps decreasing until it is 0; and the probability that the consumer is satisfied keeps increasing until it is 1. Therefore, the evolutionary equilibrium state tends to be (0,0,1). In this case, consumers choose not to file complaints due to the high cost of defending their rights, and the probability of government regulation will be very low, which makes agricultural producers not to build a digital traceability system.

[image: Figure 2]

FIGURE 2
 Evolutionary outcome of scenario 1.


Scenario 2 [image: image] and [image: image]. When [image: image], [image: image], [image: image], [image: image], [image: image], [image: image], [image: image], [image: image], [image: image], [image: image]. The results of the simulation experiment are shown in Figure 3. From the figure, it can be seen that the probability that the government chooses to regulate keeps rising until it is 1; the probability that the agricultural producer chooses to construct keeps falling until it is 0; and the probability that the consumer is satisfied keeps rising until it is 1, so the evolutionary equilibrium state tends to (1, 0, 1). Compared with Case 1, the benefit [image: image] gained from the regulation of agricultural product producers increases, and the probability of their choosing to regulate increases, the cost [image: image] of agricultural product producers constructing a digital traceability system increases, and even though the government will penalize them, the cost of constructing a digital traceability system is higher than that of penalizing them, so that agricultural product producers will still tend to choose not to construct it. The consumer cannot obtain the quality traceability information of agricultural products they purchase, and the cost of consumers defending their rights is high, so the probability that the consumer chooses to file a complaint decreases.

[image: Figure 3]

FIGURE 3
 Evolutionary outcome of scenario 2.


Scenario 3 [image: image] and [image: image]. When [image: image], [image: image], [image: image], [image: image], [image: image], [image: image], [image: image], [image: image], [image: image], [image: image]. The results of the simulation experiment are shown in Figure 4. From the figure, it can be seen that the probability of the government choosing to regulate has been rising until it is 1; the probability of the agricultural production enterprise choosing to build has been rising until it is 1; the probability of the consumer being satisfied has been rising until it is 1, so the evolutionary equilibrium state tends to (1). Compared to Case 1, the gain [image: image] gained from government regulation increases, the probability of its regulation increases, the penalty [image: image] for not constructing a digital traceability system for agricultural product producers increases, the probability of agricultural product producers constructing it increases, consumers can obtain traceability information about their products, agricultural product producers tend to produce high-quality products, and the probability of consumer satisfaction increases.

[image: Figure 4]

FIGURE 4
 Evolutionary outcome of scenario 3.




5 Conclusion and recommendation

This paper constructs a three-party evolutionary game model among the government, agricultural product producers, and consumers in the digital environment, analyzes the evolutionary process of agricultural product quality and safety issues involving the government, agricultural product producers, and consumers, and studies the strategic choices of the government, agricultural product producers and consumers as well as their influencing factors through the analysis of arithmetic examples. It is found that there are multiple evolutionary stabilization strategies in the tripartite evolutionary game model of agricultural product quality and safety regulation. When the benefits gained from government regulation, the cost of constructing a digital traceability system for agricultural product producers, and the penalties imposed on agricultural product producers are constantly changing, there will be (Not regulate, Not build, Satisfied), (Regulate, Not build, Satisfied), and (Regulate, Build, Satisfied) in order.

From this, the following recommendations can be drawn: (1) The government should set appropriate penalties and impose severe penalties for agricultural producers who violate production standards and quality requirements to force agricultural producers to improve quality (53). (2) Reduce the cost of enterprises to build a digital traceability system for agricultural products (54). The government can provide relevant financial support and reduce or waive relevant taxes and fees, etc., to reduce the cost of building a digital agricultural product traceability system for agricultural product production enterprises and encourage more enterprises to join the ranks of digital management (3). Actively guide consumers’ understanding of the quality and safety traceability of agricultural products and teach them to inquire about product origin and quality information through the traceability system (55, 56). Advocating that priority be given to agricultural products with digital quality and safety traceability marks to increase consumers’ confidence and sense of security in purchasing. Consumers should also actively report suspected agricultural product quality problems to government regulators and actively participate in supervision and public opinion monitoring to safeguard the quality and safety of agricultural products. This study also has some limitations. In the next step, we will expand the scope of the study to include third-party testing organizations and the public, and explore the characteristics and laws of multi-body behavioral decision-making in agricultural product quality and safety supervision. In addition, the game model we chose has a bias in describing the real decision-making environment, and we will also choose a more appropriate model to improve our study in the subsequent research.



Data availability statement

The original contributions presented in the study are included in the article/supplementary material, further inquiries can be directed to the corresponding author.



Author contributions

HH: Conceptualization, Formal analysis, Resources, Validation, Writing – original draft, Writing – review & editing. XL: Conceptualization, Data curation, Funding acquisition, Investigation, Methodology, Resources, Software, Supervision, Validation, Visualization, Writing – original draft, Writing – review & editing.



Funding

The author(s) declare financial support was received for the research, authorship, and/or publication of this article. This research was supported by three funding: The National Social Science Found of China, Grant/Award Number: 23BJY191, 23BJY151; Heilongjiang Nature Science Foundation, Grant/Award Number: LH2022G014; Heilongjiang philosophy and Social Science Foundation, Grant/Award Number: 21GLC187, 22GLD356.



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.



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

 1. Tang, TT, Wang, M, Zhang, Y, Yang, YT, Li, JL, and Sun, JM. Agricultural products quality and safety monitoring system research based on supply chain. 7th International Conference on Social Network, Communication and Education (SNCE), Shenyang, peoples r China. (2017). 351–60. doi: 10.2991/snce-17.2017.72

 2. Jin, CY, Bouzembrak, Y, Zhou, JH, Liang, Q, van den Bulk, LM, Gavai, A , et al. Big data in food safety-a review. Curr Opin Food Sci. (2020) 36:24–32. doi: 10.1016/j.cofs.2020.11.006

 3. Prashar, D, Jha, N, Jha, S, Lee, Y, and Joshi, GP. Blockchain-based traceability and visibility for agricultural products: a decentralized way of ensuring food safety in India. Sustain For. (2020) 12:3497–517. doi: 10.3390/su12083497

 4. Putra, AS, Tong, GJ, and Pribadi, DO. Food security challenges in rapidly urbanizing developing countries: insight from Indonesia. Sustain For. (2020) 12:9550–70. doi: 10.3390/su12229550

 5. Li, ZM, Su, NS, Dong, XX, Yang, YT, Wang, YT, and Xiao, HL. Edible agro-products quality and safety in China. J Integr Agric. (2015) 14:2166–75. doi: 10.1016/s2095-3119(15)61116-9

 6. Jiang, Q, Xue, Y, Hu, Y, and Li, YB. Public social media discussions on agricultural product safety incidents: Chinese African swine fever debate on Weibo. Front Psychol. (2022) 13:13. doi: 10.3389/fpsyg.2022.903760 

 7. Soon, JM, Brazier, AKM, and Wallace, CA. Determining common contributory factors in food safety incidents - a review of global outbreaks and recalls 2008-2018. Trends Food Sci Technol. (2020) 97:76–87. doi: 10.1016/j.tifs.2019.12.030

 8. Visciano, P, and Schirone, M. Food frauds: global incidents and misleading situations. Trends Food Sci Technol. (2021) 114:424–42. doi: 10.1016/j.tifs.2021.06.010

 9. Moruzzo, R, Riccioli, F, Boncinelli, F, Zhang, ZZ, Zhao, JJ, Tang, YJ , et al. Urban consumer trust and food certifications in China. Food Secur. (2020) 9:1153–67. doi: 10.3390/foods9091153 

 10. Martinez, MG, Fearne, A, Caswell, JA, and Henson, S. Co-regulation as a possible model for food safety governance: opportunities for public-private partnerships. Food Policy. (2007) 32:299–314. doi: 10.1016/j.foodpol.2006.07.005

 11. Bai, YH, Yang, ZD, Huang, MM, Hu, MJ, Chen, SY, and Luo, JL. How can blockchain technology promote food safety in agricultural market?-an evolutionary game analysis. Environ Sci Pollut Res. (2023) 30:93179–98. doi: 10.1007/s11356-023-28780-7 

 12. Kotsanopoulos, KV, and Arvanitoyannis, IS. The role of auditing, food safety, and food quality standards in the food industry: a review. Compr Rev Food Sci Food Saf. (2017) 16:760–75. doi: 10.1111/1541-4337.12293

 13. Yadav, VS, Singh, AR, Gunasekaran, A, Raut, RD, and Narkhede, BE. A systematic literature review of the agro-food supply chain: challenges, network design, and performance measurement perspectives. Sustain Prod Consump. (2022) 29:685–704. doi: 10.1016/j.spc.2021.11.019

 14. Teng, Y, Pang, BY, Wei, JB, Ma, L, Yang, HH, and Tian, ZW. Behavioral decision-making of the government, farmer-specialized cooperatives, and farmers regarding the quality and safety of agricultural products. Front Public Health. (2022) 10:10. doi: 10.3389/fpubh.2022.920936 

 15. Bhatt, A, and John, J. Including farmers' welfare in a government-led sector transition: the case of Sikkim's shift to organic agriculture. J Clean Prod. (2023) 411:137207. doi: 10.1016/j.jclepro.2023.137207

 16. Okpala, COR, and Korzeniowska, M. Understanding the relevance of quality Management in Agro-food Product Industry: from ethical considerations to assuring food hygiene quality safety standards and its associated processes. Food Rev Intl. (2023) 39:1879–952. doi: 10.1080/87559129.2021.1938600

 17. Shiferaw, B, Hellin, J, and Muricho, G. Improving market access and agricultural productivity growth in Africa: what role for producer organizations and collective action institutions? Food Secur. (2011) 3:475–89. doi: 10.1007/s12571-011-0153-0

 18. Zhou, JH, Li, K, and Liang, Q. Food safety controls in different governance structures in China's vegetable and fruit industry. J Integr Agric. (2015) 14:2189–202. doi: 10.1016/s2095-3119(15)61115-7

 19. Lezoche, M, Hernandez, JE, Díaz, M, Panetto, H, and Kacprzyk, J. Agri-food 4.0: a survey of the supply chains and technologies for the future agriculture. Comput Ind. (2020) 117:103187. doi: 10.1016/j.compind.2020.103187

 20. Zhao, GQ, Hormazabal, JH, Elgueta, S, Manzur, JP, Liu, SF, Chen, HL , et al. The impact of knowledge governance mechanisms on supply chain performance: empirical evidence from the Agri-food industry. Prod Plan Control. (2021) 32:1313–36. doi: 10.1080/09537287.2020.1809023

 21. Nguyen, THN, Yeh, QJ, and Huang, CY. Understanding consumer' switching intention toward traceable agricultural products: push-pull-mooring perspective. Int J Consum Stud. (2022) 46:870–88. doi: 10.1111/ijcs.12733

 22. Qian, JP, Ruiz-Garcia, L, Fan, BL, Villalba, JIR, McCarthy, U, Zhang, BH , et al. Food traceability system from governmental, corporate, and consumer perspectives in the European Union and China: a comparative review. Trends Food Sci Technol. (2020) 99:402–12. doi: 10.1016/j.tifs.2020.03.025

 23. Nie, WJ, Li, TP, and Zhu, LQ. Market demand and government regulation for quality grading system of agricultural products in China. J Retail Consum Serv. (2020) 56:102134. doi: 10.1016/j.jretconser.2020.102134

 24. Feng, HH, Wang, X, Duan, YQ, Zhang, J, and Zhang, XS. Applying blockchain technology to improve Agri-food traceability: a review of development methods, benefits and challenges. J Clean Prod. (2020) 260:121031. doi: 10.1016/j.jclepro.2020.121031

 25. Torky, M, and Hassanein, AE. Integrating blockchain and the internet of things in precision agriculture: analysis, opportunities, and challenges. Comput Electron Agric. (2020) 178:105476. doi: 10.1016/j.compag.2020.105476

 26. Xi, X, Wei, SB, Lin, KL, Zhou, HT, Wang, K, Zhou, HY , et al. Digital technology, knowledge level, and food safety governance: implications for National Healthcare System. Front Public Health. (2021) 9:9. doi: 10.3389/fpubh.2021.753950 

 27. Ahmad, F, Shah, Z, and Al-Fagih, L. Applications of evolutionary game theory in urban road transport network: a state of the art review. Sustain Cities Soc. (2023) 98:104791. doi: 10.1016/j.scs.2023.104791

 28. Tilman, AR, Plotkin, JB, and Akçay, E. Evolutionary games with environmental feedbacks. Nat Commun. (2020) 11:915–26. doi: 10.1038/s41467-020-14531-6 

 29. Avila, P, and Mullon, C. Evolutionary game theory and the adaptive dynamics approach: adaptation where individuals interact. Phil Trans Royal Society B Biol Sci. (2023) 378:20210502. doi: 10.1098/rstb.2021.0502 

 30. Encarnaçao, S, Santos, FP, Santos, FC, Blass, V, Pacheco, JM, and Portugali, J. Paradigm shifts and the interplay between state, business and civil sectors. R Soc Open Sci. (2016) 3:753–62. doi: 10.1098/rsos.160753 

 31. Alalawi, Z, and Yjeetoin, Z. Systems I toward understanding the interplay between public and private healthcare providers and patients: an agent-based simulation approach. EAI Endorsed Trans Indus Net Intell Syst. (2020) 7:166668. doi: 10.4108/eai.21-10-2020.166668

 32. Bova, P, Di Stefano, A, and Tajapa, Han. Both eyes open: Vigilant incentives help regulatory markets improve AI safety. (2023). doi: 10.48550/arXiv.2303.03174

 33. Wang, JM, Jia, L, He, P, Wang, P, and Huang, L. Engaging stakeholders in collaborative control of air pollution: a tripartite evolutionary game of enterprises, public and government. J Clean Prod. (2023) 418:138074. doi: 10.1016/j.jclepro.2023.138074

 34. Bryan Endres, A, and Johnson, NR. Integrating stakeholder roles in food production, marketing, and safety systems: An evolving multi-jurisdictional approach. J Environ Law Litig. (2011) 26:29–108.

 35. Jing, X, Yao, GX, and Dai, PQ. Quality decision-making behavior of bodies participating in the Agri-foods E-supply chain. Sustain For. (2020) 12:1874–92. doi: 10.3390/su12051874

 36. Luo, M, Zhou, GH, and Wei, W. Study of the game model of E-commerce information sharing in an agricultural product supply chain based on fuzzy big data and LSGDM. Technol Forecast Soc Chang. (2021) 172:121017. doi: 10.1016/j.techfore.2021.121017

 37. Pan, XY, Gelfand, M, and Nau, D. Integrating evolutionary game theory and cross-cultural psychology to understand cultural dynamics. Am Psychol. (2021) 76:1054–66. doi: 10.1037/amp0000851 

 38. Zhang, RR, Ma, WM, and Liu, JJ. Impact of government subsidy on agricultural production and pollution: a game-theoretic approach. J Clean Prod. (2021) 285:124806. doi: 10.1016/j.jclepro.2020.124806

 39. Agi, MAN, Faramarzi-Oghani, S, and Hazir, Ö. Game theory-based models in green supply chain management: a review of the literature. Int J Prod Res. (2021) 59:4736–55. doi: 10.1080/00207543.2020.1770893

 40. Chen, YH, Huang, SJ, Mishra, AK, and Wang, XH. Effects of input capacity constraints on food quality and regulation mechanism design for food safety management. Ecol Model. (2018) 385:89–95. doi: 10.1016/j.ecolmodel.2018.03.011

 41. Xie, YY, Su, Y, and Li, F. The evolutionary game analysis of low carbon production behaviour of farmers, government and consumers in food safety source governance. Int J Environ Res Public Health. (2022) 19:12211. doi: 10.3390/ijerph191912211 

 42. Chen, TG, Peng, LJ, Yang, JJ, Cong, GD, and Li, GP. Evolutionary game of multi-subjects in live streaming and governance strategies based on social preference theory during the COVID-19 pandemic. Mathematics. (2021) 9:2743. doi: 10.3390/math9212743

 43. Ma, L, Wang, YD, and Teng, Y. Decision-making behaviour evolution among pork supply and demand subjects under normalisation of COVID-19 prevention and control: a case study in China. Front Public Health. (2022) 10:10. doi: 10.3389/fpubh.2022.784668 

 44. Li, BY, Wang, QX, Chen, BX, Sun, T, Wang, Z, and Cheng, YB. Tripartite evolutionary game analysis of governance mechanism in Chinese WEEE recycling industry. Comput Ind Eng. (2022) 167:108045. doi: 10.1016/j.cie.2022.108045

 45. Sasaki, T, Okada, I, Uchida, S, and Chen, XJG. Commitment to cooperation and peer punishment: its evolution. Games. (2015) 6:574–87. doi: 10.3390/g6040574

 46. Han, TA, Lenaerts, TC, Santos, FC, and Pereira, LM. Voluntary safety commitments provide an escape from over-regulation in AI development. Technol Soc. (2022) 68:101843. doi: 10.1016/j.techsoc.2021.101843

 47. Ogbo, NB, Elgarig, A, and Han, TA. Evolution of coordination in pairwise and multi-player interactions via prior commitments. Adapt Behav. (2022) 30:257–77. doi: 10.1177/1059712321993166

 48. Barrett, S. Coordination vs. voluntarism and enforcement in sustaining international environmental cooperation. Proc Natl Acad Sci USA. (2016) 113:14515–22. doi: 10.1073/pnas.1604989113 

 49. Han, TA. Institutional incentives for the evolution of committed cooperation: ensuring participation is as important as enhancing compliance. J R Soc Interface. (2022) 19:20220036. doi: 10.1098/rsif.2022.0036 

 50. Wan, ZW. The application of big data in the legal improvement of agricultural product quality and safety governance. Acta Agriculturae Scandinavica Section B Soil Plant Sci. (2022) 72:200–13. doi: 10.1080/09064710.2021.2007994

 51. Qin, YH, and Xiang, L. Quality improvement of agricultural products supply chain under social preference and CSR by big data analysis. J Glob Inf Manag. (2022) 30:1–26. doi: 10.4018/jgim.291513

 52. Van Cleve, J. Evolutionarily stable strategy analysis and its links to demography and genetics through invasion fitness. Phil Trans Royal Soci B Biol Sci. (2023) 378:20210496. doi: 10.1098/rstb.2021.0496 

 53. Jiang, ZY, Wang, ZJ, and Li, ZB. The effect of mandatory environmental regulation on innovation performance: evidence from China. J Clean Prod. (2018) 203:482–91. doi: 10.1016/j.jclepro.2018.08.078

 54. Latino, ME, Menegoli, M, Lazoi, M, and Corallo, A. Voluntary traceability in food supply chain: a framework leading its implementation in agriculture 4.0. Technol Forecast Soc Chang. (2022) 178:121564. doi: 10.1016/j.techfore.2022.121564

 55. Guanqi, Z, and Husnain, M. Assessing the role of organic food supply chain traceability on food safety and consumer wellbeing: a mediated-moderation investigation. Front Psychol. (2022) 13:13. doi: 10.3389/fpsyg.2022.1073376 

 56. Zhang, AR, Mankad, A, and Ariyawardana, A. Establishing confidence in food safety: is traceability a solution in consumers' eyes? J Consum Prot Food Saf. (2020) 15:99–107. doi: 10.1007/s00003-020-01277-y


Copyright
 © 2024 Huo and Liu. 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/fpubh-12-1373747-e081.jpg
dF (y
dt






OPS/images/fpubh-12-1373747-e080.jpg
>xA—C2+xP+xL+xC4
xL+xCyq

z





OPS/images/fpubh-12-1373747-e083.jpg
v





OPS/images/fpubh-12-1373747-e082.jpg





OPS/images/fpubh-12-1373747-e077.jpg
$xA—C2+xP+xL+xC4
xL+xCyq

z





OPS/images/fpubh-12-1373747-e076.jpg





OPS/images/fpubh-12-1373747-e079.jpg
d‘zy(»") = (e ) x(1-2)(-L - C4) - e + C ~ P






OPS/images/fpubh-12-1373747-e078.jpg





OPS/images/cover.jpg
& frontiers | Frontiers in Public Health

Behavioral decision-making of
government, agricultural product
producers, and consumers on
agricultural product quality and
safety regulation in a digital
environment








OPS/images/fpubh-12-1373747-e074.jpg
F(y)=dy/di=y(En-E)=y(y-1)
[x(1=2)(-L = C4) = xA+ Cy - xP]





OPS/images/fpubh-12-1373747-e202.jpg






OPS/images/fpubh-12-1373747-e073.jpg
B = y52|+(1 )En y(xd-Co)+

P)[x(=P)+x(1-2)(-L - C4)]





OPS/images/fpubh-12-1373747-e203.jpg







OPS/images/fpubh-12-1373747-e075.jpg
_xA-Cr+xP+xL+xCy
xL+xCyq






OPS/images/fpubh-12-1373747-e201.jpg






OPS/images/fpubh-12-1373747-e206.jpg
Ry






OPS/images/fpubh-12-1373747-e207.jpg





OPS/images/fpubh-12-1373747-e204.jpg






OPS/images/fpubh-12-1373747-e205.jpg





OPS/images/fpubh-12-1373747-e210.jpg





OPS/images/fpubh-12-1373747-e208.jpg
Ci+Li-R+P+A4A-1<0





OPS/images/fpubh-12-1373747-e209.jpg
Cr—A-P<0





OPS/images/fpubh-12-1373747-e070.jpg





OPS/images/fpubh-12-1373747-e069.jpg





OPS/images/fpubh-12-1373747-e072.jpg
Ey =xz(-P)#+ x(1-2)(-P~L~C4)
—x(=P)+x(1-2)(-L-Cy)





OPS/images/fpubh-12-1373747-e071.jpg
Ea = 32(4-Ca)+ 2(1-x)(-Ca )+ x(1-2) (A -
+(1-2)( fx)(—cn:mf)cz (e





OPS/images/fpubh-12-1373747-e066.jpg
dF (x






OPS/images/fpubh-12-1373747-e068.jpg
Er





OPS/images/fpubh-12-1373747-e067.jpg





OPS/images/fpubh-12-1373747-e063.jpg





OPS/images/fpubh-12-1373747-e213.jpg





OPS/images/fpubh-12-1373747-e062.jpg
dF (x);
dt

<0





OPS/images/fpubh-12-1373747-e214.jpg





OPS/images/fpubh-12-1373747-e065.jpg





OPS/images/fpubh-12-1373747-e211.jpg





OPS/images/fpubh-12-1373747-e064.jpg
<P+L17C|+R1
ZA+ P





OPS/images/fpubh-12-1373747-e212.jpg





OPS/images/fpubh-12-1373747-e217.jpg





OPS/images/fpubh-12-1373747-e218.jpg





OPS/images/fpubh-12-1373747-e215.jpg





OPS/images/fpubh-12-1373747-e216.jpg





OPS/images/fpubh-12-1373747-e219.jpg





OPS/images/fpubh-12-1373747-e220.jpg
Ry





OPS/images/fpubh-12-1373747-e184.jpg





OPS/images/fpubh-12-1373747-e183.jpg
- -Li+ R +1<0





OPS/images/fpubh-12-1373747-e186.jpg





OPS/images/fpubh-12-1373747-e185.jpg





OPS/images/fpubh-12-1373747-e182.jpg
Eg(1,1,1)





OPS/images/fpubh-12-1373747-e181.jpg
Eg(1,1,1)





OPS/images/fpubh-12-1373747-e059.jpg
dF (x)
Tdx

F(x): =(2x-1)[C = R+ yzd—(1-y) P 1]





OPS/xhtml/Nav.xhtml




Contents





		Cover



		Behavioral decision-making of government, agricultural product producers, and consumers on agricultural product quality and safety regulation in a digital environment



		1 Introduction



		2 Model assumptions and construction



		2.1 Model assumptions



		2.2 Model construction



		2.2.1 Parameter setting



		2.2.2 Payment matrix















		3 Model analysis



		3.1 Government’s evolutionarily stable strategy



		3.2 Evolutionary stabilization strategies for agricultural producers



		3.3 Evolutionary stabilization strategies for consumers



		3.4 Stability analysis









		4 Simulation analysis



		5 Conclusion and recommendation



		Data availability statement



		Author contributions



		Funding



		Conflict of interest



		Publisher’s note



		References



















OPS/images/fpubh-12-1373747-e057.jpg





OPS/images/fpubh-12-1373747-e061.jpg
dF (x

dt

>0





OPS/images/fpubh-12-1373747-e060.jpg
SP+L-C+R
ZA+ P





OPS/images/fpubh-12-1373747-e188.jpg





OPS/images/fpubh-12-1373747-e187.jpg





OPS/images/fpubh-12-1373747-e056.jpg





OPS/images/fpubh-12-1373747-e190.jpg





OPS/images/fpubh-12-1373747-e055.jpg
¢P+L1—C1+R|
Fd+P





OPS/images/fpubh-12-1373747-e189.jpg





OPS/images/crossmark.jpg
©

2

i

|





OPS/images/fpubh-12-1373747-e050.jpg
Epp=yz(-Li)+y(1-z)(-L1)+z(1-y)(-Li)
+(1=y)(1=2)(~L)=-Ly





OPS/images/fpubh-12-1373747-e160.jpg
E>(0,0.,1)





OPS/images/fpubh-12-1373747-e051.jpg
By = xEn +(1-x) By = x[ R = G = yzd + (1= y) P]+(





OPS/images/fpubh-12-1373747-e159.jpg
- -Li+ R +1<0





OPS/images/fpubh-12-1373747-e048.jpg





OPS/images/fpubh-12-1373747-e175.jpg
G+Li—-R-1<0





OPS/images/fpubh-12-1373747-e049.jpg
B =yz(Ri -G = A)+y(1-2)(Ri =G )+ 2(1=y)(R = C + P)
+(1-2)(1-2)(R = C1 +P)
=R -C-yzA+(1-y)P





OPS/images/fpubh-12-1373747-e161.jpg
E>(0,0.,1)





OPS/images/fpubh-12-1373747-e054.jpg





OPS/images/fpubh-12-1373747-e052.jpg
F(x)=dv/dt=x(E - E)=x(x-1)
[Ci-Ri+yza-(1-y)P-11]





OPS/images/fpubh-12-1373747-e126.jpg
A3z =—(2—-1)(C3 +L+1L; + Ry + Cyx~Cay
+Cay = Lx=Lix—Ly-Lyy + Tiy - Cy4xy@
+Lxy + Lixy - Tixy)-2z(C3 + L+ L; +R,
+Cqy—Cay + Cyy - Lx-Lix-Ly-Lyy
+Thy = Caxy + Lxy + Lyxy - Tixy)





OPS/images/fpubh-12-1373747-e053.jpg
P+L-CG+R
ZA+ P






OPS/images/fpubh-12-1373747-e180.jpg
Ci+Li-R+P+A4A-1<(





OPS/images/fpubh-12-1373747-e046.jpg
Ei





OPS/images/fpubh-12-1373747-e177.jpg
E6(1,0,1)





OPS/images/fpubh-12-1373747-e047.jpg
Eyr





OPS/images/fpubh-12-1373747-e176.jpg
-Cr+ A+ P<0





OPS/images/fpubh-12-1373747-e179.jpg
Ci+Li-R+P+A4A-1<0





OPS/images/fpubh-12-1373747-e178.jpg
E6(1,0,1)





OPS/images/fpubh-12-1373747-e191.jpg





OPS/images/fpubh-12-1373747-e192.jpg





OPS/images/fpubh-12-1373747-e195.jpg
-Cr+ A+ P<0





OPS/images/fpubh-12-1373747-e196.jpg





OPS/images/fpubh-12-1373747-e193.jpg





OPS/images/fpubh-12-1373747-e194.jpg
G+Li—-R-1<0





OPS/images/fpubh-12-1373747-e199.jpg





OPS/images/fpubh-12-1373747-e200.jpg





OPS/images/fpubh-12-1373747-e197.jpg





OPS/images/fpubh-12-1373747-e198.jpg





OPS/images/fpubh-12-1373747-e117.jpg





OPS/images/fpubh-12-1373747-e116.jpg





OPS/images/fpubh-12-1373747-e119.jpg
A Ay A
J=| A Ay Ay
Ay Ay A3





OPS/images/fpubh-12-1373747-e118.jpg





OPS/images/fpubh-12-1373747-e125.jpg
Asp =2(2-1)(C3~Cq + L+Ly =Ty + Cax ~Lx ~ Lix + Tyx)





OPS/images/fpubh-12-1373747-e124.jpg
s = xy(y-1)(Ca + L:
L-Cs4+L;+Cay
A=20) Cpy Cyery





OPS/images/fpubh-12-1373747-e121.jpg
A =x(P+Az)(x 1) 43 = Axy(x —1)





OPS/images/fpubh-12-1373747-e120.jpg
Ap=x(Cr+Li —Ry + Py +Ayz—1)+
(x=1)(C1+ Ly =Ry +Py+ Ayz—1)





OPS/images/fpubh-12-1373747-e123.jpg
Ay =y[Cr-Ax—Px+x(z-1)(C4+L)]
+(y=1)[C2 - Ax—Px+x(z-1)(C4 +L)]





OPS/images/fpubh-12-1373747-e122.jpg
A= y(y-1)[A+P-(z-1)(Cs+L)]





OPS/images/logo.jpg
¥ frontiers Frontiers in Public Health





OPS/images/fpubh-12-1373747-e106.jpg
dF (z






OPS/images/fpubh-12-1373747-e108.jpg
E1(0,0,0)





OPS/images/fpubh-12-1373747-e107.jpg





OPS/images/fpubh-12-1373747-e114.jpg
E7(1,1,0)





OPS/images/fpubh-12-1373747-e113.jpg
E6(1,0,1)





OPS/images/fpubh-12-1373747-e115.jpg
Eg(1,1,1)





OPS/images/fpubh-12-1373747-e110.jpg
E3(0,1,0)





OPS/images/fpubh-12-1373747-e109.jpg
E>(0,0.,1)





OPS/images/fpubh-12-1373747-e112.jpg
Es(0,1,1)





OPS/images/fpubh-12-1373747-e111.jpg
E4(1,0,0)





OPS/images/fpubh-12-1373747-e097.jpg
pp Gthtl=R+xCy-xl-xL

Cr—Ca+L+L—T+xCa—xL—xLy +xT;





OPS/images/fpubh-12-1373747-e096.jpg





OPS/images/fpubh-12-1373747-e103.jpg





OPS/images/fpubh-12-1373747-e102.jpg
dF (z






OPS/images/fpubh-12-1373747-e105.jpg





OPS/images/fpubh-12-1373747-e104.jpg
y<

G+ L+ L—R +xCq—xL-xI

Ci—Ca+L+L—T +xCa—xL—xLi +xT;





OPS/images/fpubh-12-1373747-e099.jpg
—C3-L-L; —Ry -Cyx+C3y—-Cay
(2z-1)| +Lx + Lix+ Ly + Ljy = Tiy + Cyxy
—Lxy - Lixy + Tixy






OPS/images/fpubh-12-1373747-e098.jpg





OPS/images/fpubh-12-1373747-e101.jpg





OPS/images/fpubh-12-1373747-e100.jpg
y>

Cy+Li+L-R +xCyq—xL-xI

Ci—Ca+ L+ LT +xCa —xL—xLy +xT}





OPS/images/fpubh-12-1373747-e221.jpg





OPS/images/fpubh-12-1373747-g003.jpg
LT
S :

08 © »
b

06
%

o4l

02 %

00

00 02 04 06 08

10





OPS/images/fpubh-12-1373747-e095.jpg
Cy+Li+L-R +xCyq—xL-xI

T Ci-CatLl+L—T +xCa—xL—xL +xT}





OPS/images/fpubh-12-1373747-g004.jpg
Lo

08

06

Government

&

poration

Consumer

04

06

10





OPS/images/fpubh-12-1373747-g001.jpg
Government

Regulate Not regulate
Agricultura Agricultura
producers producers

Not build Not build





OPS/images/fpubh-12-1373747-g002.jpg
S

o

Government
Corporation






OPS/images/fpubh-12-1373747-t003.jpg
Balance point Eigenvalue 1

£1(0,0.0) “C-h+R+l -2 C3+L+Li+Ry
£2(001) “Q-L+R+1 -C2 ~G-L-L-Ry
£3(0..0) ~Cl-L +R-P+1 &) Ry+Cq+Ty
£4(100) Cel-k-1 ~Cy+A+P+Cy+L C3+Ry+Cy
Es(0.1) —Cl-L+R-P+4-1 L5} -Ry-2C4-Ty
FE6(101) CQ+li-R-1 -C+A+P —C3-ky
£7(110) G+l -R+P-1 Cy-A-P-C4-L Ry+Cy

Eg(LL1) Q+L-R+P+A-1 C-4-P -Ry-Cy





OPS/images/fpubh-12-1373747-t004.jpg
Es(0.11)

Eg(101)
£7(110)

g(111)

Eigenvalue sy
Having positive value
When—Cj ~ j + Rj +1<0, all negative values
Having positive value

Having positive value

Having positive value

When Cj + [ ~ R ~1<0and ~C2 + A+ P <0, all negative values

Having positive value

When Cj +Lj ~ Ry + P+ A~1<0and Cy — 4~ P<0,all negative values

Stability
Unsteady point
ESS

Unsteady point
Unsteady point
Unsteady point
ESS

Unsteady point

ESS





OPS/images/fpubh-12-1373747-t001.jpg
Parameter name Parameter descriptio

a Costs incurred by Governments choosing to “Regulate”

B Gains from the Government's choice to “Regulate’.

n Loss of trust resulting from the Government’s choice to “Not regulate”

63 Costs incurred by agro-producing firms choosing to “Build”.

4 Government incentives for agricultural producers to choose “Build"

P Penaltis for agricultural producers choosing not to construct.

R Benefits to consumers when they are *Satisfied” with the produce they purchase.
&) Costs incurred by consumers in purchasing agricultural products.

4 Costs of advocacy when consumers are “Dissatisfied”.

L Losses incurred by agricultural producers when consumers opt for “Dissatisfied”.





OPS/images/fpubh-12-1373747-t002.jpg
Strategic choice Government

Regulate x Not regulate 1-x
Satisfied 2 R-Cl-4,4-C3, Ry -1y, -C3, Ry
Build y
Dissatisfied 1 - z R-Cl, A-Cy, ~C4 -, -2, ~Ti-Cy
Agricultural producers
Satisfied 2 R-Ci+P, P, Ry -1y, 0, Ry
Not build 1 -y

Dissatisfied 1 - = R-C+P, -P-L-C4, -(3-C4  ~I}, 0, -L-1}-C3





OPS/images/fpubh-12-1373747-e086.jpg





OPS/images/fpubh-12-1373747-e092.jpg
Bz =2(=Ca) + y(1-x)(~Ti = Ca) +x(1-y)
(C3 = Ca)+ (1=x)(1=¥)(~L - L~ C3)





OPS/images/fpubh-12-1373747-e091.jpg
Esi = xyRy + y(1-x)Ry + (1= y) xRy + (1~ y)(1-x)Ry = Ry





OPS/images/fpubh-12-1373747-e094.jpg
F(z)=d=/dt =z(E3 - E3)=2(2-1)
(-C3-L-L; -Ry - Cqx +Csy
—Cay+Lx+Lix+Ly+Lyy
~Tiy + Caxy - Lxy - Lixy + Tixy)





OPS/images/fpubh-12-1373747-e093.jpg
Es = zE3) +(1-2) B3





OPS/images/fpubh-12-1373747-e088.jpg
E3)





OPS/images/fpubh-12-1373747-e087.jpg





OPS/images/fpubh-12-1373747-e090.jpg





OPS/images/fpubh-12-1373747-e089.jpg
E3y





OPS/images/fpubh-12-1373747-e085.jpg
dF (y
dt






OPS/images/fpubh-12-1373747-e084.jpg
XA=Cp+xP+xL+xCq
A CoHxPHxL+xCy
xL +xCs





