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“Government, bank, and guarantee institution” cooperative financing guarantee (hereinafter referred to as the cooperation mechanism) is an important way to alleviate the financing difficulties of China’s new agricultural entities and raise the credit line of bank financing. In order to find an effective way for the improvement of low-level equilibrium in the actual operation of the cooperation mechanism, this study builds a three-party evolutionary game model using the local government, banks, and agricultural guarantee institutions, with incomplete information on all partners of the cooperation mechanism as the study object. This model focuses on the weak activeness, strong dependence, poor cooperation effect, lower credit line of guarantee, and other specific problems. Moreover, this study analyzes the equilibrium solution of this model and extracts the significant factors affecting the positive cooperation behaviors of the three parties (government, banks, and guarantee institutions) in the view of interest realization. Analog simulation is performed to explore the key conditions for truly alleviating the financing risks of new agricultural entities, thus helping improve the operation quality of the cooperation mechanism. According to the study results, the focus of “government, bank, and guarantee institution” cooperation should be shifted from post risk sharing to prior risk identification. Specifically, the government should further share high-quality information affiliated with farmland management rights and reflecting the status of risks; guide banks and agricultural guarantee institutions should share the cost of risk identification, accelerate the acquisition of higher information transformation value, and prevent the “free rider problem.” In the last part, policies are recommended in four aspects, including risk information sharing, risk identification quality improvement, risk identification cost sharing, and risk information value transformation, which have practical guiding significance for the sustainable development of “government, bank, and guarantee institution” financing guarantee for China’s new agricultural entities.
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1 INTRODUCTION
China’s new agricultural business entities (hereinafter referred to as new agricultural entities) mainly refer to large-scale business entities, such as family farms, large farmer households, farmer cooperatives, and leading agricultural industrialization enterprises, which serve as the backbone of China’s rural revitalization strategy. Large farmers in Europe and the United States are privileged in terms of long-term assets and financing credits. Unlike them, most of China’s new agricultural entities are experiencing an early start-up. There is a lack of guarantees and historical credit information, resulting in great financing difficulty [1]. In order to eliminate the financing difficulties, the Chinese government has arranged special funds to help upgrade the industry, hoping that new agricultural entities will achieve a stronger profitability and driving effect. Therefore, it has launched a package of construction plans for the cooperation mechanism for farmers, mainly focusing on two aspects. In the first aspect, efforts are made to improve the financing risk sharing and compensation mechanism for the cooperation mechanism. In detail, a financing guarantee cooperation system is built involving the government, banks, policy-related agricultural guarantee institutions (hereinafter referred to as agricultural guarantee institutions), and other entities, thus constituting a complete and orderly credit system characterized by revenue sharing, risk sharing, complementary advantages, mutual benefit, a win–win situation, and sustainable development among multiple entities [2]. In the second aspect, there is comprehensive exploration of the advantages of large-scale farmland management rights through “government, bank, and guarantee institution” cooperation [3]. With the support of the Rural Land Contract Law of the People’s Republic of China (Draft Amendment), the government took tentative action in 2019, using farmland management rights to link financing entities, land resources, and funds, and finding a new financing method for large-scale farmland management rights based on counter-guarantee. These policy constructions are regarded as important ways to solve the financing dilemma of new agricultural entities. The former focuses on the cooperation of the government, banks, and guarantee institutions to share financing risks, while the latter focuses on the cooperation of the government, banks, and guarantee institutions to tap the value of farmland. They are all concrete manifestations of the cooperation between the government, banks, and guarantee institutions. At present, “government, bank, and guarantee institution” agricultural financing guarantee cooperation, which focuses on risk sharing, has been recommended as one of the top 10 innovative agricultural support modes by China’s Ministry of Agriculture and extended to different provinces and municipalities nationwide. By the end of 2021, the financing mode based on the counter-guarantee of farmland management rights had been disseminated to 232 regions of China as a pilot program, achieving a cumulative loan of RMB 96.4 billion (most of the loan receivers are new agricultural entities) [4].
However, the actual operation effect of the financing based on the cooperation mechanism deviates from expectations while experiencing large-scale promotions and is in a low-level equilibrium state [5]. Contradictions are also discovered. No matter what kind of policy, the regional implementation rate is rising all the time. Nevertheless, banks and agricultural guarantee institutions are rarely passionate about actual cooperation. Specifically, some banks are reluctant to participate in the cooperation mechanism and implement the corresponding preferential interest rates. Even though banks are involved in the cooperation mechanism, they are not willing to offer funds, usually providing a conservative credit line for new agricultural entities. Agricultural guarantee institutions should spare no effort to let banks raise the credit line. However, they are not fully capable or motivated to identify the true state of customers, failing to encourage banks to reduce the credit risk of new agricultural entities and address the concern of risk control [6]. What is the cause of such contradiction? A conflict between the endowment effect of financial policies in helping those in distress and the financial attribute of seeking advantages and avoiding disadvantages is proven by the result of theoretical analysis. The main component of risk sharing lies in the cooperation among the government, banks, and agricultural guarantee institutions to share the financing risks of new agricultural entities [7]. The counter-guarantee of farmland management rights is intended for discovering the value of large-scale land management rights in guarantee and risk reduction based on the cooperation among the government, banks, and agricultural guarantee institutions. Both of them have logically given priority to post compensation and risk sharing, using beneficial financial policies to offset the financial attribute of seeking advantages and avoiding disadvantages [8]. In actual operations, we steadily find a complete dependence on the favorable policies of local governments. In the process of proportional risk sharing, for example, the active risk control behaviors of banks and agricultural guarantee institutions are seldom seen. Instead, they rely entirely on the favorable subsidies of local governments (such as tax relief) and compensations for default to transfer the financing risk of new agricultural entities [9]. Some banks even raise the credit line only after all the risks are transferred. However, the difficulty of circulating, managing, and disposing of farmland management rights and affiliated economic goods in the operation of farmland management rights based on counter-guarantee is very noticeable, resulting in a high cost. For this reason, it is necessary to rely entirely on government-supported measures and corresponding favorable compensation measures. Otherwise, banks and guarantee institutions are reluctant to accept such a counter-guarantee, thereby making it hard to implement the relevant policies [10].
Governments can increase the coverage rate of the cooperation mechanism through a series of favorable policies. However, such an increase is only a cover-up. Post-risk compensation can reduce the concern of banks, but it does not truly mitigate systemic risks [11]. If any new agricultural customer has not been identified and screened in advance, blindly raising the credit line will only lead to systemic risk and eventually tilt toward the government, which not only goes against the objective of the policy on helping those in distress but also increases the financial pressure [12]. The credit theory suggests that financial institutions should have full incentive to screen the loan risk of customers. However, both system participation and the drive of banks and agricultural guarantee institutions come from policy incentives rather than profit-seeking nature for the loans based on risk sharing and counter-guarantee of farmland management rights [13]. In addition, the seasonal fluctuations in the capital demand of agricultural business projects, the dispersion and distance of customers, and the lack of historical credit information lead to the low profit margins and high cost of guarantees and loans in an environment with a favorable interest rate, further increasing the cost and difficulty for banks and agricultural guarantee institutions to collect and obtain risk information [14]. Therefore, even if banks and agricultural guarantee institutions are involved in cooperation, they lack the subjective motivation and ability to control the risks of new agricultural customers. In order to break through the low-level equilibrium of the “government, bank, and guarantee institution” cooperation for the financing guarantee of new agricultural entities, the mechanism should be extended on the basis of the institutional logic of “controlling the risk of financing guarantee.” Risk sharing, counter-guarantee, and mortgage of farmland management rights are classified as passive compensation of post risks, and the key to controlling the risk of financing guarantee lies in the prior identification and screening of risks.
Most current research studies focus on the financing guarantee cooperation involving government, banks, and agricultural guarantee institutions in the following aspects: (1) exploring the feasibility and plausibility of such a financing guarantee. Scholars believe that most of China’s new agricultural entities have low management standards, poor availability of historical credit information, high natural and market risks, large capital investments, long payback period, and many other high-risk factors [15]. Moreover, borrowers have more information than lenders. The information asymmetry between the two sides is more likely to cause financing risks [16]. In this sense, the original intention of the financing guarantee was for the three parties to cooperate to share the high financing risks of new agricultural entities and alleviate the credit concerns of banks [17]. In this cooperation mechanism, guarantee institutions serve as a bridge. They can bear some of the risks for banks. In the face of asymmetric information, they can work as an indirect information source to enhance banks’ ability to assess the expected return and accelerate the conclusion of loan agreements between borrowers and lenders. This serves as the basis for cooperation between banks and guarantee institutions [18]. Guarantee institutions can help reduce part of the banks’ financing risk, but their tolerance for risks is limited. If no reliable rules and regulations are available, the financing risk sharing will be unreasonable, thereby leading to a moral hazard and causing losses to banks and guarantee institutions [19]. The related scholars have further demonstrated the importance of the government accordingly. According to relevant studies, government participation is the outcome of combining government intervention theory and financing guarantee theory. It is a way for governments to assume responsibility for public financial services and also a mode for governments to fulfill the duties of public financial services [20, 21]. The cooperation mechanism reflects the complementarity and inclusiveness of China’s policy-oriented finance as inherent attributes. When the formal financial system cannot meet the financing demand of agricultural business entities, small- and medium-sized enterprises, and other financially vulnerable groups, the more authoritative credit endorsement of governments will not only increase the credit of lenders but also make up for the lack of credit for guarantee institutions, thus helping further transfer risks [22]. Meanwhile, grassroots governmental organizations can obtain relevant information about lenders more efficiently, truthfully, and authoritatively, which is more conducive to the reasonable deployment of credit resources, and they also help guarantee institutions establish more authoritative communication channels between borrowers and banks. In addition, these efforts will facilitate the reduction of financing costs; improve economic efficiency such as the financing rate, resource allocation rate, and capital utilization rate; and further alleviate the concerns of banks [23]. (2) Exploring the behavioral dilemma of the government, banks, and guarantee institutions. First of all, in the cooperation based on proportional risk sharing, banks, as the suppliers of funds, are in an advantageous position. Faced with the higher financing risk of agricultural entities, they will choose to involve guarantee institutions when providing financing services and use their advantageous position to transfer the risks to the guarantee institution, which will further adversely influence the interests of guarantee institutions [24]. Since each party involved in financing has different credit levels, these credit levels should be balanced by guarantee institutions providing an equilibrium value [25]. However, in actual operations, the behavior of guarantee institutions has been “alienated.” For example, a large number of private capitals not accepted by the banking industry enter the guarantee industry and play the role of “shadow banking” [26]. Guarantee institutions have no advantages in information. However, a large number of risks have been transferred to them by banks. In this process, banks are arbitrary. In fact, guarantee institutions face dual moral hazards from banks and enterprises and a lack of ability to acquire risk information [27]. Moreover, profitability is lower, and guarantee institutions are not fully motivated and enabled for risk control. Extreme business behaviors in violation of relevant rules and regulations occur now and then [28]. Some studies have pointed out that whether the credit guarantee increases the amount of loans is actually difficult to measure and that the amount of guaranteed loans is not directly related to the subsequent development of credit subjects. Financing guarantee only shares the risk and does not solve the financing problem of vulnerable groups. However, if guarantees are provided to all enterprises that request financing, it will pose a systemic risk [29]. Similarly, the government behavior is also in a dilemma. On the one hand, the construction of a policy-oriented financing guarantee system by the government can indeed further facilitate guarantee institutions to increase credit and risk distribution, ease the pressure on guarantee institutions and banks, and reduce financing costs in actual operations. These benefits will help agricultural entities obtain loans [30]. On the other hand, if policy behaviors only focus on risk sharing, they will increase financial pressure and have limited effect on lowering the financing threshold [31]. In the long run, policy behaviors cannot fundamentally overcome the financing difficulties of vulnerable groups. If the policy is too inclusive, it is not helpful for systemic risk control [23]. With reference to the previous analysis, the government should guide banks and guarantee institutions to establish a grading mechanism based on the actual development level and credit level of agricultural entities, integrate the development of agricultural entities, and judge the risk of repayment. This is the fundamental way to help banks and guarantee institutions reduce losses [32]. Second, in the cooperation of farmland management rights based on counter-guarantee, banks are not active in responding to the request of customers for loans based on the counter-guarantee of large-scale farmland management rights [33]. In this view, banks only have a slight effect on increasing the amount of financing guarantee. This situation originally arose because it is difficult to transform the mortgage value of farmland management rights; most new agricultural entities only pay one-year land rents, and banks cannot get compensated by defaults through rents [34]. Although banks possess the land management rights and the rights to dispose of economic derivatives on the land (such as fixed assets and economic crops), disposal is accompanied by great difficulty and requires additional disposal costs [35]. Therefore, when banks get farmers with a loan request based on the counter-guarantee of farmland management rights, they often require the participation of guarantee institutions. In fact, banks shift the risk of land transfer to guarantee institutions [36]. The participation of guarantee institutions can improve the financing enthusiasm of banks. However, this will increase the burden on guarantee institutions. In comparison with banks, guarantee institutions lack a grassroots network and risk control ability. It is more difficult for them to solve the problem of land management right circulation. Therefore, it is a general consensus for the government to build a land transfer platform to accelerate the land transfer rate and improve the efficiency of transforming the guarantee value of land management rights [37].
On the one hand, these studies emphasize the necessity and plausibility of the three-party cooperation model involving the government, banks, and guarantee institutions in sharing risks and discovering the mortgage value of large-scale land management rights guarantees. On the other hand, these studies reaffirm the positive effect of the cooperation model in helping new agricultural entities out of the financing dilemma. However, they fail to explain why there are still practical problems, such as low enthusiasm for cooperation and a low level of financing among the three parties in actual operation. As implied by the existing literature, the financing weakness of new agricultural entities and asymmetric information between borrowers and leaders are the significant factors leading to high financing risks and lower financing levels [38]. For those new agricultural entities with large-scale farmland management rights, the risk of bad debts will be significantly reduced if there is a large fixed asset investment in the associated agricultural land management rights or if the comprehensive asset capacity is high [39, 40]. In this view, risk reduction and financing level improvement will not only facilitate post-risk transfer but also boost prior risk screening and risk identification, thus eliminating information asymmetry. In addition to the guarantee value, farmland management rights also have the information function value of transmitting risk signals, which is of positive significance for identifying risks, screening credit customers with development potential, and improving the operation level of the financing system [41]. However, we should not solely rely on the efforts of one party. Therefore, we should work harder to explore how to bring the respective advantages of the three parties into play and start further sustainable and positive cooperation based on the original cooperation. Based on the previous analysis, the study in this paper explores how to further mobilize the government, banks, and guarantee institutions as the principals in this model based on the current policy operation, thus identifying and reducing information asymmetry as the breakthrough point, helping the cooperation break the low-level equilibrium, and finally achieving sustainable development. This study intends to build the evolutionary game model of three-party cooperation involving the government, banks, and guarantee institutions, hoping to find the significant factors affecting the positive cooperation behaviors of these three parties. In addition, this study recommends a new approach for the sustainable cooperation to improve the operation quality of the “government, bank, and guarantee institution” cooperation mechanism. In this way, government and banks can work together to prevent the moral hazard caused by financing new agricultural entities, select new agricultural customers with development potential to offer accurate financial support, and reduce the overall risk of the financing system. With the cooperation mechanism of really sharing both risks and benefits, new agricultural entities will receive help for development, optimizing policy efficiency.
2 CONCEPTUAL MODEL OF SUBJECT BEHAVIOR RELATIONSHIPS UNDER THE “GOVERNMENT, BANK, AND GUARANTEE INSTITUTION” MODE
The cooperation mechanism mainly involves four types of subjects, including the government, banks, policy-oriented agricultural guarantee institutions, and new agricultural business entities. New agricultural business entities are the object of service because they are in a weak financial position. In consideration of the aforementioned fact, whether the amount of financing guarantee can be successfully obtained is subject to the behavior decisions of the government, banks, and agricultural guarantee institutions. For this reason, this study focuses on the analysis of these three subjects.
With reference to the subject interactive process of the “government, bank, and guarantee institution” cooperative financing guarantee in a pilot area in China in 2016, we can render the interactive process of the three subjects. First, the grassroots government builds a farmland management rights transfer platform for farmland management rights registration, valuation, large-scale farmland transfer transactions, management of guaranteed farmland management rights, and transfer of bad management rights. The government has established a special venture fund, with which discount is provided to pilot financing guarantee programs and non-performing loans are paid proportionally. Second, as a loan applicant, new agricultural entities can assess the guarantee value of farmland management rights using the platform, apply for participation in pilot financing guarantee programs, and accept the qualification examination. Third, agricultural guarantee institutions will, in accordance with relevant policies, refer to the value of farmland management rights and financial subsidies, evaluate profits and costs, make a decision on whether to provide guarantee, and apply to banks for a loan. If the application is approved, the platform will help new agricultural entities obtain the loan, thereby collecting a guarantee fee. In case of any non-performing loan, the platform will proportionally pay an amount to the bank. Then, recovery is performed by the agricultural guarantee institution for the defaulter. If the recovery fails, the platform will assist the agricultural guarantee institution in disposing of the farmland management rights as a counter-guarantee to make up for the losses. Fourth, based on the application, the bank will thoroughly evaluate the farmland management rights and financial subsidies of new agricultural entities, assess the profits and costs, and make a decision on whether to approve the loan application. This constitutes the cooperation and interaction among the government, banks, and guarantee institutions in exploring the guarantee value of large-scale farmland management rights and in sharing risks. If the risk signal value of farmland management rights is increased, improvements should be made in the following aspects: (1) the grassroots government builds a land management rights transfer platform. Based on the original responsibilities and affairs, the platform can obtain the risk information of large-scale farmland management rights involved in counter-guarantee (such as information on the transfer value of farmland management rights, the status of investment in the assets attached to the farmland, the status of crops attached to the farmland, information on the technological innovation application value, and the management model). Meanwhile, the risk information will be shared with the cooperative bank and agricultural guarantee institution to provide an objective basis for risk identification. (2) The agricultural guarantee institution and the bank individually or jointly pay the cost of risk identification and the value of the shared risk information transformation and hereby decide whether to provide guarantee services or approve the loan application. In other words, differential guarantee loan strategies should be selected through risk identification. For those new agricultural entities with risks lower than the general credit requirements, the bank can lend directly. For those new agricultural entities with risks higher than the general credit requirements but showing a certain development potential, the bank and the agricultural guarantee institution can jointly start lending. For those entities with very high risks but no development potential, the agricultural guarantee institution should reject the guarantee, and the bank should reject the loan application. In this way, a conceptual map of the cooperation behavior interaction process among the government, banks, and guarantee institutions for financing guarantee of new agricultural entities is developed (Figure 1).
[image: Figure 1]FIGURE 1 | Cooperation behavior interaction process among agents.
In this process, the three parties not only cooperate with each other in risk sharing and exploring the mortgage value in guarantee but also identify and use the risk information value of the farmland management rights.
During the cooperation, the government aims to maximize social and economic benefits, hoping to expand the scale of new agricultural entities and reduce overall systemic risks. The government tries to raise the credit line and reduce risk for guarantee institutions through measures such as risk sharing based on proportional compensation and counter-guarantee of farmland management rights so as to relieve the pressure of risk control on banks. Moreover, various incentive policies are formulated to strengthen the role of agricultural guarantee institutions as a bridge. Banks are encouraged to cooperate with agricultural guarantee institutions to actively perform their duties and identify and reduce systemic risks. All the aforementioned efforts are made to achieve the policy goal of extending both guarantee and loan businesses to include new agricultural entities. If the policies place particular stress on the compensation of post risks, the policy effect will be weakened accordingly. For example, banks rely too much on risk transfer. Guarantee institutions are incapable of eliminating banks’ concerns of risk control. Banks and guarantee institutions are not fully motivated to identify customer risks and expand the financing guarantee business for potential new agricultural entities. If we fail to mobilize banks and guarantee institutions’ cooperation, the policy will get entangled in a negative state.
As the fund provider, banks are in a more competitive position, hoping to increase financing returns based on reduced risks. As independent economic units, they always try to maximize their own interests. The new agricultural financing is essentially inclusive finance with a lower loan interest rate and return. Most new agricultural entities lack historical credit information and collaterals, resulting not only in a high financing risk but also in high risk identification difficulty and cost. Affected by low return but high risk and cost, risk control mainly depends on government incentive policies, default compensation, counter-guarantee of farmland management rights, and the guarantee of an agricultural guarantee institution for risk transfer. In respect of the aforementioned fact, banks are far less motivated to identify the real risks of new agricultural entities by spending additional human resources, materials, and financial costs. Therefore, in the whole process of financing, banks adopt a passive attitude. When the government offers weak incentives and little compensation that cannot cover the risk suffered by banks, banks will be reluctant to lend to new agricultural entities, or the loan scale is small. When government incentives and risk-sharing measures can greatly transfer risks, banks will increase the loan amount. Due to the asymmetry between cost and benefit, banks are passive in risk control, causing a high level of risk in the financing system. Then, banks cannot wait for sustainable development.
Agricultural guarantee institutions are in a weaker position in the whole “government, bank, and guarantee institution” financing system. They are policy- and market-oriented. With these dual attributes, they hope to maximize their own interests and should take into account the policy implementation of inclusive finance. Agricultural guarantee institutions often have a large amount of government investment, laying a more sufficient financial foundation than market-oriented guarantee institutions and a stronger immunity against risks. However, due to the policy constraints on behavioral decisions and the necessity of considering the risk of state-owned asset loss, their behavior is more conservative. Along with insufficient market competition, there are fewer policy-oriented agricultural guarantee institutions. They are small scale and lack high risk-control abilities. Therefore, policy-oriented agricultural guarantee institutions hope to expand the scope of financing credit for new agricultural entities, raise the overall credit line of banks, and become a bridge between banks and new agricultural entities based on the requirements of inclusive finance. While helping more new agricultural entities apply for more bank loans, they can obtain the expected guarantee income. Moreover, they are incapable of bearing the default risk of new agricultural entities alone and identifying these default risks. They are also afraid to bear the responsibility for the loss of state-owned assets caused by the high default rate of new agricultural entities. In the face of the guarantee claims from new agricultural entities, their behavior is conservative, and they neither dare to significantly vouch for new agricultural entities nor alleviate the banks’ concern over risks. Therefore, they are in a dilemma.
In summary, the government, banks, and agricultural guarantee institutions are closely linked in the process of financing guarantees for new agricultural entities. The government needs the active cooperation of banks and agricultural guarantee institutions to screen new agricultural entities with development potential for financial support, reduce the risk of the financing system, increase the amount of financing, and create more social and economic benefits. In this cooperation mechanism, banks will issue loans to new agricultural entities based on risk sharing, guarantee, counter-guarantee, and policy incentives. Agricultural guarantee institutions need government support to obtain financial support and risk resistance. Moreover, they require bank loans so as to achieve their goals of inclusive finance and profitability. These subjects have different value attributes and objectives. Therefore, the effectiveness of various government measures is limited; banks are in a negative state and rely on risk transfer. Agricultural guarantee institutions are not motivated and empowered to increase the amount of financing guaranteed and alleviate the concern of banks over risk control. In this sense, they are also in a negative state. The entire financing guarantee system enters a vicious circle. By clarifying the interaction and game relationship among the government, banks, and agricultural guarantee institutions, it is of great significance to properly avoid the negative behavior of all the subjects in the process of financing new agricultural entities, thus promoting the sustainable development of the financing market. Each party has its own goals, making it difficult to meet the requirements of all parties. Under such circumstances, they will choose different strategies according to their own interests, adapting them to specific situations. The conceptual model of strategy selection by the government, banks, and agricultural guarantee institutions is shown in Figure 2.
[image: Figure 2]FIGURE 2 | Conceptual model of strategy selection by agents.
3 BUILDING A GAME MODEL RELATED TO THE COOPERATION BEHAVIOR IN THE COOPERATION MECHANISM OF FINANCING GUARANTEE FOR NEW AGRICULTURAL ENTITIES
In order to more specifically analyze how the three parties carry out sustainable and active cooperation and open the black box of tripartite interests, the authors build a cooperative game model of “government, bank, and guarantee institution” financing guarantee, observe the evolution trend of the system, and verify the feasibility of the cooperation path through simulation based on practical source data.
3.1 Basic hypothesis of the model
Hypothesis 1. government, banks, and agricultural guarantee institutions are limited rational decision-makers. It is difficult for each game subject to make the best strategic choice in an event. Therefore, they should keep simulating and learning from each other in the process of the game, thus steadily optimizing their own behaviors.
Hypothesis 2. government, banks, and agricultural guarantee institutions can choose two strategies. There are two types of government strategies [29]. The first one is the subsidy strategy based on risk compensation, in which the government only offers a certain amount of discount subsidy to guarantee loans for new agricultural entities and proportional risk compensation. The second one refers to the risk identification-guiding strategy, in which the government further shares the affiliated risk information of farmland management rights based on the previous strategy and motivates banks and guarantee institutions to cooperate for risk identification.There are two bank strategies [30]. In the first strategy, banks issue loans in a negative way and approve loan applications when both guarantee and subsidy can offset specific risks. In the second strategy, banks issue loans in a positive way, play an active role in identifying the risk level of customers, and make differential loan decisions based on guarantees. Banks develop risk identification products that comply with the characteristics of new agricultural entities based on the shared risk information and expenditures. Using the product, they can find three types of new agricultural customers, including the customers that meet the existing credit criteria, the customers having development potential but failing to meet the existing credit criteria of banks, and the customers failing to meet the development potential standard. Banks selectively issue loans based on the status of guarantee.There are two strategies for agricultural guarantee institutions [31]. In the first strategy, agricultural guarantee institutions provide guarantee services in a negative way and decide to guarantee only when the incentives and subsidies can offset the specific risks. In the second strategy, they provide guarantee services in a positive way, play an active role in developing and using the shared risk information, and then identify the risk level of new agricultural entities. Agricultural guarantee institutions develop risk identification products based on the shared risk information and expenditures. Using the product, they can find new agricultural customers with development potential failing to meet the existing credit criteria of banks and selectively provide guarantee services. If the second strategy is chosen, it means that the agricultural guarantee institution will cooperate with the bank to jointly bear the risk identification cost. Then, both parties will cover a lower cost.Based on the aforementioned analysis, the following strategies are recommended: the government (the subsidy strategy based on risk compensation and the risk identification-guiding strategy), banks (the strategy of issuing loans in a negative way and the strategy of issuing loans in a positive way), and agricultural guarantee institutions (the strategy of providing guarantee service in a negative way and the strategy of providing guarantee service in a positive way). Each party has two strategies. The possibilities for each of them to choose the positive strategy are [image: image], [image: image] and [image: image], respectively, all of which are functions of time.
Hypothesis 3. Both government benefits and costs can be quantified [23]. The government builds a land transfer platform, which helps reduce the transfer cost of large-scale farmland management rights and improves the transfer efficiency and guarantee value of the rights. In addition, the platform can acquire risk information from the rights and share the information with banks and agricultural guarantee institutions. The benefits obtained by the government include the local agricultural development tax revenue, the increase of jobs, the improvement of social equity, and the improvement of the government’s reputation due to the government’s active solution to the financing problems of new agricultural entities. In theory, the governmental benefits should increase in proportion to the scale of financing and lending. In the cooperation mechanism, it is supposed that the loan amount is determined by the risk reserve and credit guarantee leverage jointly established by the government and agricultural guarantee institution. The yield was set as [image: image], the bank’s basis point as [image: image] ([image: image] comes from the established risk reserve), and the guarantee leverage as n. The costs paid by the government consist of the following items. If the government shares risk information, these costs include the cost of platform construction, the cost of resource allocation, and the cost of collecting risk information for new agricultural entities based on farmland management rights, which can be quantified as [image: image]. Moreover, the government will give a certain subsidy to the new agricultural financing business and bear a certain proportion of the default compensation. The government’s total subsidy rate was set as m. When any compensation occurs, the government’s share of compensation is [image: image]. Considering that the more transparent the risk information, the lower the default rate of new agricultural entities, the average default rate for new agricultural entities is [image: image] when it is assumed that the risk information of farmland management rights is shared. When risk information is not shared, the average default rate for new agricultural entities is [image: image], which meets [image: image].
Hypothesis 4. The bank’s benefits and costs can be quantified [32]. Assuming that Rb is the benchmark interest rate for bank loans and [image: image] is the interest rate subsidized by the government to banks ([image: image]), the bank loan yield is [image: image]), and the yield increases in positive proportion with the increase in the amount of bank loans. Affected by different strategies of the government and agricultural guarantee institutions, different strategies chosen by banks will produce different benefits and costs. (1) When the government shares risk information, banks have to pay the cost of risk identification first if they are actively issuing loans. If banks perform only risk identification, they should bear the cost ([image: image]) separately. If it is implemented with agricultural guarantee institutions, both of them should jointly bear the cost ([image: image]). Here, the criterion [image: image] is met. Second, banks obtain the transformation value (IF) of risk information. In other words, one or two parties of banks and agricultural guarantee institutions will process the risk information shared by the government (for example, develop the guaranteed loan product based on risk levels), which helps banks reduce risks, expand business, and gain reputation. As a result, banks obtain a series of economic and social benefits. Third, those banks that have chosen the positive loan policy will issue loans to projects (the default rate, [image: image]) of high-quality new agricultural entities that meet the risk requirements of general loan projects, based on the credit line of n1nk. In case of any default, the bank will bear the loss of full principal and profit with the amount of [image: image]. For any loan project involving suboptimal new agricultural entities with risks higher than the requirements for general loan projects but showing development potential (default rate [image: image] and [image: image]), the bank chooses to cooperate with agricultural guarantee institutions (with the project review cost [image: image] paid by the bank) for the loan based on the credit line of n2nk. If a default occurs, they will bear the loss of the loan principal in the proportion of [image: image] and the total profits with the total loss amount of [image: image]. (2) If banks issue loans in a negative way when the government shares risk information, they will not pay the cost of processing risk information but will only choose to cooperate with agricultural guarantee institutions to guarantee the loan and rely on various government subsidies for risk transfer. In the event of a default at this time, the bank will bear the loss of principal and the total profits in the proportion of [image: image], and the amount of the loss is [image: image]. (3) Even if the bank subjectively wants to identify the risk of new agricultural customers and issues loans in a positive way when the government does not share risk information, due to the lack of necessary objective conditions, not only is the cost of risk identification extremely high but the identification is also extremely difficult and the effect is poor, making it hard to achieve the positive loan strategy. When a default occurs, the bank will bear the loss of principal and the total profits in the proportion of [image: image], and the amount of the loss is [image: image].
Hypothesis 5. : The benefits and costs of an agricultural guarantee institution can be quantified [33]. Agricultural guarantee institutions can obtain guarantee fees by providing guarantee services for new agricultural business entities. Affected by the different strategies of the government and banks, there will also be different benefits and costs if the strategies chosen by agricultural guarantee institutions are different. Here, it is assumed that the government shares information about risks associated with the farmland management rights and that agricultural guarantee institutions provide guarantee services in a positive way. First, agricultural guarantee institutions should bear the risk identification cost. If they perform risk identification with banks, both of them should bear the cost. If banks carry out risk identification solely, they should bear the cost themselves. Second, the transformation value (IF) of risk information can be obtained. Third, if both agricultural guarantee institutions and banks choose positive strategies, the former ones will be recognized by banks, and banks will achieve long-term cooperation with them, resulting in long-term benefit T. Fourth, the agricultural guarantee institutions that have adopted a positive strategy will guarantee those loan projects of new agricultural entities that have risks higher than the requirements of general banks for separate loans but show development potential. In other words, the institution will apply to banks for the loan based on the “government, bank, and guarantee institution” cooperative guarantee. If the bank agrees, the agricultural guarantee institution will obtain the subsidy to the rate of guarantee fee and receive the government guarantee rate subsidy (assuming that [image: image] is the rate of guarantee rate and mg is the government’s subsidy to the rate of guarantee fee, meeting [image: image]). Fifth, once the subject of the guaranteed loan defaults, it shall bear the principal loss of the guaranteed loan in the proportion of [image: image]. There is the counter-guarantee of farmland management rights. Therefore, the agricultural guarantee institution will get the compensation from collateral. [image: image] refers to the expected return on the average compensation from collateral. (2) It is assumed that agricultural guarantee institutions choose the negative guarantee strategy in the context where the government shares risk information. The benefit composition of agricultural guarantee institutions remains unchanged without triggering any risk identification costs. In the case of compensation, the institution should bear the principal loss of the guaranteed loan in the proportion of [image: image] and also obtain the compensation from collaterals. (3) No matter which strategy is chosen by agricultural guarantee institutions when risk information is not shared, the benefit composition remains unchanged and is similar to that of banks. If the institutions subjectively intend to adopt the positive strategy and they lack objective risk information, the guarantee will suffer a very high cost, great difficulty, and poor effect. In case of compensation, the institutions must bear the principal loss of the guaranteed load in the proportion of [image: image].The payment matrix can be established according to the assumption (Table 1).
TABLE 1 | Payment matrix.
[image: Table 1]3.2 Construction of the replicated dynamic equation
When one party’s expected value of a particular strategy is higher than the average expectation of a mixed strategy in a three-party game, the strategy is more likely to be adopted. According to the Malthusian dynamic equation, as long as the individual who adopts this strategy has a higher degree of adaptation than the average group, the strategy will grow over time, and the expected value of each subject can be calculated accordingly.
[image: image] was set as the benefits of the government when it adopts Strategy 1 (the risk identification-guiding strategy) and [image: image] as the benefits of the government when it adopts Strategy 2 (the subsidy strategy based on risk compensation). [image: image] indicates the average expected return of the government. Then,
[image: image]
[image: image]
[image: image]
[image: image] indicates the return of the bank after choosing Strategy 1 (the positive loan strategy). [image: image] indicates the return after choosing Strategy 2 (the negative loan strategy). [image: image] indicates the average expected return of the bank. Then,
[image: image]
[image: image]
[image: image]
[image: image] indicates the return of agricultural guarantee institutions when choosing Strategy 1 (the positive guarantee strategy). [image: image] indicates the return after choosing Strategy 2 (the negative guarantee strategy). [image: image] indicates the average expected return of agricultural guarantee institutions. Then,
[image: image]
[image: image]
[image: image]
Therefore, the replicated dynamic equation of the government, banks, and agricultural guarantee institutions is, respectively,
[image: image]
[image: image]
[image: image]
3.3 Solving the equilibrium point of the evolutionary game
In the process of a dynamic game, the probability x, y, and z of the selection strategy for the government, banks, and agricultural guarantee institutions, respectively, participating in the game are related to time t, thus knowing that the solution domain of the replicated dynamic equation set is [image: image]. The equilibrium point of the three-party dynamic game can be obtained according to the three-party replicated dynamic equation. The simultaneous equation shows that there are eight special equilibrium points, including (0,0,0), (0,0,1), (0,1,0), (0,1,1), (1,0,0), (1,0,1), (1,1,0), and (1,1,1), and these eight equilibrium points constitute the solution domain of the evolutionary game[image: image].There is also an equilibrium solution satisfied with the following equation in the solution domain Ω:
[image: image]
[image: image]
[image: image]
4 STABILITY ANALYSIS OF THE EVOLUTION OF SUBJECT BEHAVIORS
According to the basic nature of the replicated dynamic equation in the game model, F’(x) represents the ratio of group strategy selection over time. When F’(x) is 0, group strategy selection does not change over time. When F’(x) is greater than 0, the rate of change in group strategy selection increases over time, and x is an unstable point. When F’(x) is less than 0, the rate of change in group strategy selection decreases over time, and x is a stable point.
(1) Analysis of government’s asymptotic stability
①When [image: image], the strategy selection of the government will not change over time, so the strategy selection of subjects is the curved surface S1 of Figure 3; any point on the curved surface is an evolutionary stability point.
②When [image: image], then [image: image] and [image: image], and the stability theorem of the replicated dynamic differential equation shows that [image: image] is the stability point, indicating that the government chooses Strategy 2 to gain more than the cost and that the government chooses the evolutionary stability strategy as its strategy.
③When [image: image] then [image: image] and [image: image], and it is known from the stability theorem of the replicated dynamic differential equation that [image: image] is the stability point, indicating that the government’s selection of Strategy 1 brings more than the cost. Therefore, Strategy 1 is an evolutionary stability strategy.
[image: Figure 3]FIGURE 3 | Trend of government strategy selection.
The dynamic trend and stability analysis of government strategy selection are shown in Figure 3.
(2) Analysis of bank’s asymptotic stability
①When [image: image], the strategy selection of the bank will not change over time, so the strategy selection of subjects is the curved surface S2 in Figure 4; any point on the curved surface is an evolutionary stability point.
②When [image: image], then [image: image] and [image: image], and the stability theorem of the replicated dynamic differential equation shows that [image: image] is the stability point, indicating that the bank chooses Strategy 2 to gain more than the cost and that the bank chooses the evolutionary stability strategy as its strategy.
③When [image: image], then [image: image] and [image: image], and it is known from the stability theorem of the replicated dynamic differential equation that [image: image] is the stability point, indicating that the bank’s selection of Strategy 1 brings more than the cost. Therefore, Strategy 1 is an evolutionary stability strategy.
[image: Figure 4]FIGURE 4 | Trend of bank strategy selection.
The dynamic trend and stability analysis of bank strategy selection are shown in Figure 4.
(3) Analysis of agricultural guarantee institution’s asymptotic stability
①When [image: image], the strategy selection of the agricultural guarantee institution will not change over time, so the strategy selection of subjects is the curved surface S3 in Figure 5; any point on the curved surface is an evolutionary stability point.
②When [image: image], then [image: image] and [image: image], and the stability theorem of the replicated dynamic differential equation shows that [image: image] is the stability point, indicating that the agricultural guarantee institution chooses Strategy 2 to gain more than the cost and that the bank chooses the evolutionary stability strategy.
③When [image: image], then [image: image] and [image: image], and it is known from the stability theorem of replicated dynamic differential equation that [image: image] is the stability point, indicating that the agricultural guarantee institution’s selection of Strategy 1 brings more than the cost. Therefore, Strategy 1 is an evolutionary stability strategy.
[image: Figure 5]FIGURE 5 | Trend of agricultural guarantee institution strategy selection.
The dynamic trend and stability analysis of agricultural guarantee institution strategy selection are shown in Figure 5.
(4) System stability analysis of a three-party game
Different equilibrium states can be obtained by analyzing the evolutionary game of three-party subjects. It is assumed that the curved surface [image: image] is taken as the boundary in Figure 3 , and there are two parts ([image: image] and [image: image]). With the curved surface [image: image] as a boundary in Figure 4, there are two parts ([image: image] and [image: image]). With the curved surface [image: image] as a boundary in Figure 5, there are two parts ([image: image] and [image: image]). The spatial distribution and strategy selection of the initial state are shown in Table 2.
TABLE 2 | Behavioral strategy combination for the government, bank, and guarantee agency.
[image: Table 2]The stable strategy combination obtained through asymptotic stability analysis is not necessarily the stable evolutionary strategy of the game system, and the stability of the equilibrium point of eight strategy combinations requires further analysis about points (0,0,0), (1,0,0), (0,0,1), (1,0,1), (0,1,0), (1,1,0), (0,1,1), and (1,1,1). According to the replicated dynamic equation of subjects, the corresponding Jacobian matrix is obtained as follows:
[image: image]
According to the Lyapunov stability theorem, the equilibrium point is stable if all characteristic values of the Jacobian matrix are negative. The results of the local stability analysis of the game system are shown in Table 3.
TABLE 3 | Stability conditions of the equilibrium point.
[image: Table 3]According to the results of the local stability analysis in the table, the characteristic value corresponding to (0,1,1), (0,0,1), and (0,0,0) already has a value determined to be a positive number, which is definitely not outside the range of a stable point. Several other equilibrium points require further discussion. According to the strategy space of the three subjects and the actual situation, the following criteria should be met if intending to make the business cooperation of subject space evolve toward the ideal direction (1,1,1):
[image: image]
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For the government, the sum of the cost of risk information sharing and the default loss borne by the government after the transformation of risk information value is less than that of the loan loss borne by the government when value transformation is not performed for the information. The government tends to choose the risk identification-guiding strategy. When the sum of the costs paid in the positive loan strategy and the loan default losses is less than that of the default losses borne in the negative loan strategy, banks tend to choose the former situation. For agricultural guarantee institutions, when the cost of adopting the positive guarantee strategy is less than the long-term benefits brought by the bank’s recognition, they tend to choose this strategy.
Through the analysis, the following conclusions are drawn: (1) whether the government shares high-quality information related to large-scale farmland management rights that can reflect the risks of new agricultural entities is closely related to whether banks and agricultural guarantee institutions adopt the corresponding positive strategies. (2) The following criteria will decide whether banks select the positive loan strategy. First, they make sure that default losses can be tangibly reduced. Second, agricultural guarantee institutions should choose the same strategy as banks to jointly reduce costs. If the strategy cost of banks is too high or unprofitable, banks will evolve toward the negative loan strategy. (3) If the agricultural guarantee institution adopts a positive strategy, it can indeed get the bank’s affirmation and long-term benefits. When the benefits are higher than the cost paid, the agricultural guarantee institution will tend to use this strategy for a long time. Otherwise, the behavior of agricultural guarantee institutions will evolve toward the negative strategy. In summary, the stability analysis, the cost of risk information sharing, the default control rate of new agricultural entities, and the amount of the government’s compensation for losses are significant factors deciding whether the government builds a platform to share risk information. The transformation value of risk information, the cost of risk identification, the default rate of new agricultural entities, and the amount of compensation for the losses of banks are significant factors deciding whether banks adopt the positive loan strategy. The transformation value of risk information, the cost of risk identification, the default rate of new agricultural entities, the amount of compensation for the losses of agricultural guarantee institutions, and the long-term cooperative benefits brought by bank recognition are significant factors deciding whether agricultural guarantee institutions adopt the positive loan strategy. Among these factors, the transformation value of risk information, the cost of risk identification, and the default control rate of new agricultural entities are related to the yield of multiple subjects. Therefore, it is necessary to explore the impact of these key factors on the strategy selection of three parties and system evolution based on the stability of a single subject to verify the theoretical hypothesis.
5 SIMULATION AND THEORETICAL HYPOTHESIS VERIFICATION
5.1 Initial situation parameter setting
According to the constraints of the replicated dynamic equation and optimal equilibrium (1,1,1), the interactive behavior evolution of the government, banks, and agricultural guarantee institutions is numerically simulated and analyzed using MATLAB software based on theoretical analysis. x0, y0, and z0, respectively, indicate the initial proportion for the government to choose the positive guiding strategy, the initial proportion for the bank to choose the positive loan strategy, and the initial proportion for the agricultural guarantee institution to choose the positive guarantee strategy. It is assumed that the initial state is (0.2,0.2,0.2), the initial time is 0, and the evolution end time is 1.
It is also assumed that in the initial ideal situation, the return will be higher than the paid cost if the government chooses the risk identification-guiding strategy. If both banks and guarantee institutions choose a positive strategy, they will share the cost of risk identification, reduce the default rate, and jointly promote an increase in the guarantee leverage. The guarantee institution will be recognized by the bank and then receive long-term benefits. The initial value of the ideal state of the model parameters is parameterized with reference to actual situations.
According to the estimation and calculation data of a regional bank in China, the average financing default rate of new agricultural entities is about 0.3% in the natural situation without risk information sharing, mortgage guarantee, and positive customer screening of banks and guarantee institutions. Assuming that under the ideal system operation state, the risk information sharing by governments can better restrain the default behavior of new agricultural entities and reduce the system default rate to 0.28. If banks issue loans in a positive way, they can effectively identify the risk of new agricultural entities, screen loan customers, and finally control the default rate at 0.015. If banks cooperate with guarantee institutions, both parties will choose the positive loan and guarantee strategy, and guarantee institutions will share the risk; therefore, banks will appropriately lower the loan threshold, increase the tolerance for default rates, and finally control the default rate at 0.03.
According to the data from a local statistical yearbook in China, the loan interest rate of China’s banks for new agricultural entities is 0.04, and the guarantee leverage is about 3. The proportion of issuing loans by banks alone is 0.1, and the proportion of issuing loans through the cooperation of banks and guarantee institutions is 0.9, meeting the criterion of [image: image].
According to the statistical yearbook and the author’s study data in the “government, bank, and guarantee institution” financing guarantee pilot area, it is assumed that the loan principal basis point is 10,000, and the cost required by the government to collect and share risk information is 1,000 based on proportional calculations. With available risk information, the cost paid by banks and agricultural guarantee institutions on risk identification with cooperation is 100, and the cost paid by banks and agricultural guarantee institutions is 200 when they have not cooperated with each other. In a situation without risk information, banks and agricultural guarantee institutions should separately collect risk information, resulting in a high risk identification cost. The cost, respectively, paid by either party is 600 when they cooperate with each other and 1,200 when they do not cooperate with each other.
According to the current system of the “government, bank, and guarantee institution” financing guarantee pilot area, the ratio of risks undertaken by them is 0.1, 0.3, and 0.6, respectively.
Then, the parameter initial values are set as follows: [image: image], [image: image], [image: image], [image: image], [image: image], [image: image], [image: image], [image: image], [image: image], [image: image], [image: image], [image: image], [image: image], [image: image], [image: image], [image: image], [image: image], and [image: image].
The result of system simulation in an ideal situation is shown in Figure 6, indicating that the system is in the ideal state (1,1,1) and using this state as the benchmark to compare the change of all parameters.
[image: Figure 6]FIGURE 6 | System evolution path diagram in an initial state.
5.2 Numerical simulation and result analysis

(1) Numerical simulation of changes in risk identification quality
In the initial ideal state, the farmland management rights transfer platform established by the government and the shared risk information are of high quality. In addition, the counter-guarantee of farmland management rights and the sharing of risk information serve as restraints on new agricultural entities, which can reduce the default rate [image: image] of new agricultural entities to 0.28. Furthermore, banks and agricultural guarantee institutions can accurately identify the risks of new agricultural business entities based on real and effective risk information and then control the financing guarantee default rate [image: image] at 0.03.
Other condition values are set, and it is ensured that they are not changed. If the risk information shared by governments is not significantly effective in restraining new agricultural entities and no notable decrease is seen in the initial default rate; [image: image] will be turned to [image: image] (the results are shown in Figure 7①). According to the simulation results, the three parties are still tending toward positive cooperation (Figure 7). If the risk identification performed by banks and agricultural guarantee institutions is of low quality and they cannot accurately determine the risk status of new agricultural entities and effectively reduce the system default rate, [image: image] will turn from 0.03 to 0.3 (the results are shown in Figure 7②), indicating that the three parties are not tending to cooperate with each other.
[image: Figure 7]FIGURE 7 | System evolution path under the change in risk identification quality.
This result shows that the natural constraint of risk information sharing on the default of new agricultural entities is not a sufficient condition for system stability. Based on risk information sharing, the three parties should cooperate with each other for risk identification, thereby screening customers effectively and reducing the default rate. Only when the quality of risk identification is high can the government, banks, and agricultural guarantee institutions achieve profitability through the related positive strategies and ultimately realize sustainable cooperation among the three parties.
If it is intended to improve the quality of risk identification and substantially reduce the default rate, the high-quality risk information shared by the government is not a condition value but an essential condition, according to the findings of statistical analysis using the game model. Moreover, human resources, materials, technologies, and other costs of banks and agricultural guarantee institutions for risk identification are essential conditions. Both of the aforementioned conditions are indispensable.
(2) Numerical simulation of changes in the transformation value of risk information
One or two parties of banks and agricultural guarantee institutions will develop the risk information shared by the government (for example, develop the guaranteed loan business based on risk levels). The outcomes will help banks and agricultural guarantee institutions reduce risks, expand business, and gain reputation. This series of economic and social values is defined by the transformation value of information. In the initial ideal state, the transformation value (IF) of risk information accessible to banks and agricultural guarantee institutions is quantified to 50.
Other condition values are set, and it is ensured that they are not changed. The transformation value (IF) of risk information is reduced from 50 to 30. According to the simulation results, banks and guarantee institutions have withdrawn from the risk identification of new agricultural entities, and the cooperation is therefore terminated (Figure 8). This result reaffirms that the high-quality risk information shared by the government is only the first step. It is very important to make good use of risk information and strive to transform risk information into more and more favorable economic and social values. It is also of great significance for banks and guarantee institutions to achieve continuous financing and guarantee. However, it is to be noted that both parties will obtain the benefit of transformation value as long as either a bank or an agricultural guarantee institution adopts the positive strategy. A “free rider” problem may occur. Each party hopes that the other party will pay more for cooperation, allowing them to gain more benefits. In order to explore whether the transformation value of information can continuously promote three-party cooperation, it is necessary to further study the strategy selection of both parties under the change in risk identification cost.
(3) Numerical simulation of changes in risk identification cost
[image: Figure 8]FIGURE 8 | System evolution path under the change in information transformation value.
If the government does not share risk information in the initial ideal state, cooperation will require a higher cost for banks and agricultural guarantee institutions to collect risk information and then identify risks. In the case of cooperation without shared information, the risk identification cost [image: image] (containing the information search cost and identification cost) is 600, while the cost [image: image] of separate risk identification is 1,200. If the government has set up a transfer platform and shares risk information, banks and guarantee institutions can save the cost of searching for risk information. Under such circumstances, the cost [image: image] of separate risk identification is 200. If they initiate cooperation, they can share technology, personnel, data, and other resources, which will greatly reduce costs. The cost [image: image] is 100.
While other conditions remain unchanged, the risk identification cost is set after the government has set up a platform and shared risk information equal to the cost when the risk information is not shared ([image: image] and [image: image]). The simulation results are shown in Figure 9①. It can be seen that both banks and guarantee institutions have rejected the positive strategy. This result reaffirms the importance of risk information data shared by governments. In other words, the risk information data shared by governments should not only be true, effective, and high quality but also tangibly reduce and share the risk identification cost of banks and agricultural guarantee institutions, which lays an important foundation for sustainable cooperation among the three parties.
[image: Figure 9]FIGURE 9 | System evolution path under the change in risk identification cost.
It also needs to be further studied whether the risk identification jointly implemented by banks and agricultural guarantee institutions will affect system stability when the government has shared true and effective information. All parameter values are restored to the initial ideal state, and the risk identification cost based on the cooperation of banks and agricultural guarantee institutions is set equal to the cost of separate risk identification (by changing [image: image] into [image: image]). The result shows that guarantee institutions and banks have successively rejected the positive strategy and interrupted cooperation (Figure 9②). According to the result, win–win situations can be achieved only when banks cooperate with guarantee institutions for risk identification and jointly bear the risk identification cost. If banks or guarantee institutions want to be a “free rider” and hope that the other party can pay more to obtain benefits, it is not a sustainable idea. The previous result also indicates that cooperation can be sustainable only when the government, banks, and agricultural guarantee institutions have adopted positive strategies.
(4) Numerical simulation of changes in long-term benefits brought by the participation of agricultural guarantee institutions in risk identification.
Agricultural guarantee institutions will be recognized and encouraged by banks when they work hard to identify risks and provide guarantee services selectively in the initial ideal state. Banks will reach a long-term cooperation intention with agricultural guarantee institutions so as to facilitate them in further identifying risks, helping banks control those risks, saving costs, and bringing in more high-quality financing guarantee customers. Meanwhile, agricultural guarantee institutions can obtain benefits from the long-term cooperation. It is assumed that the initial value [image: image] of the long-term return is 120.
The strategy selection of three parties with the change in long-term benefit values is reviewed. It is ensured that other conditions remain unchanged. The condition is set as follows: agricultural guarantee institutions work hard to identify risks and are recognized by banks and the long-term benefit T is reduced from 120 to 50. The simulation results are shown in Figure 10, indicating that banks and agricultural guarantee institutions tend to be non-cooperative. For agricultural guarantee institutions, the recognition of banks and long-term cooperation with banks are of great importance. If the benefit exceeds the cost, agricultural guarantee institutions are willing to cooperate with banks, helping them share risk control pressures and costs. If not recognized by banks, agricultural guarantee institutions will withdraw from the cooperation. Then, banks must separately bear the risk identification cost and pressure. Therefore, banks will also gradually withdraw from the three-party cooperation, and the cooperation will come to an end.
[image: Figure 10]FIGURE 10 | System evolution path under the change in long-term benefits.
6 STUDY CONCLUSION
This study builds an evolutionary game model of “government, bank, and guarantee institution” cooperative financing guarantee for new agricultural entities. Based on the post-risk transfer for three parties, this study discusses the cooperation of positive financing guarantee in relation to prior risk identification. According to the study findings, the cooperation mechanism should not only focus on the post-risk transfer but also take the prior risk identification as a breakthrough point to tangibly reduce the systemic risk of financing guarantee, which is feasible in eliminating the financing dilemma. According to the result of the simulation, efforts should be made in four aspects, including risk information sharing, risk identification quality, risk identification cost sharing, and risk information value transformation, to mobilize the three parties for positive cooperation, really reduce risks, and improve operation quality. First, the government is recommended to build a high-quality farmland management rights transfer platform and share the high-quality information data that are related to the farmland management rights and can reflect the risks of new agricultural entities. Second, banks and guarantee institutions should be guided to make good use of the information, improve the quality of risk identification, find out about new agricultural entities with development potentials, tangibly reduce the system default rate, and convert risk information into favorable economic and social values. Furthermore, banks and guarantee institutions should be encouraged to achieve long-term cooperation for risk identification and jointly bear the cost of risk identification. Banks should be encouraged to recognize the participation of agricultural guarantee institutions in risk identification and facilitate the transformation value to increase risk information. In this way, a new model of sustainable cooperation among the government, banks, and guarantee institutions for the financing guarantee of new agricultural entities is formed. The conclusions are specified as follows:
With reference to the strategies adopted by each party in the cooperation mechanism, whether the government builds a platform and shares high-quality information is closely related to whether banks and agricultural guarantee institutions adopt positive loan and guarantee strategies. Second, the tangible reduction of loss caused by default behaviors and the sharing of risk identification costs by agricultural guarantee institutions play a decisive role in driving banks to adopt positive loan strategies. Third, agricultural guarantee institutions will tend to choose the positive guarantee strategy if they are recognized by banks, and the long-term benefits are higher than the paid risk identification costs.
In respect of the “government, bank, and guarantee institution” financing guarantee system stability, the quality of risk identification is one of the significant factors affecting the sustainable cooperation among the three parties. High-quality risk information is one of the essential conditions to improve the quality of risk identification, accurately screen customers, and tangibly reduce the default rate. For this reason, it is necessary for the government to build a platform to protect the economic value of counter-guarantee with farmland management rights, further explore the associated risk information that can reflect the actual risk status of new agricultural entities, and finally realize the sharing of risk information.
Accurate processing of risk information by banks and agricultural guarantee institutions is another essential condition to improve the risk identification quality, accurately screen customers, and tangibly reduce the default rate. Therefore, it is necessary to mobilize banks and agricultural guarantee institutions for risk identification and drive both parties to choose differential financing guarantee strategies for different new agricultural entities to control systemic risks on the basis of high-quality information sharing. In addition, banks and agricultural guarantee institutions need to be made aware of the benefits of adopting positive strategies in different aspects, such as risk identification cost sharing and risk information transformation value, thereby truly motivating both parties.
In order to mobilize banks and agricultural guarantee institutions for cooperation, the sharing of risk identification costs is one of the significant driving factors. If the risk identification cost is too high, the behavior of the three parties will evolve in an unfavorable trend. In order to reduce and save costs, the high-quality risk information of governments still plays a vital role, which exempts banks and agricultural guarantee institutions from additional human resources, materials, and financial resources. Second, banks and agricultural guarantee institutions can share technologies, personnel, and data through risk identification and reduce the identification cost based on cooperation, thus achieving a win–win situation. The idea that either party wants to be a “free rider” and hopes that the other party can pay more to obtain benefits is not sustainable. Since the “free rider” is not feasible, the three parties should be guided to create a favorable long-term mechanism for cost sharing.
More value transformations of risk information after banks and agricultural guarantee institutions choose positive financing guarantee strategies are identified as another significant driving factor to motivate all parties for cooperation. According to the simulation result, the series of economic and social values obtained by either or both banks and agricultural guarantee institutions through the processing of risk information, such as risk reduction, business expansion, and reputation promotion, will facilitate sustainable cooperation among the three parties. For this reason, the government is recommended to increase the transformation value of such risk information in some ways, such as social desirability and media publicity, thus promoting the sustainable development of “government, bank, and guarantee institution” positive cooperation.
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