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Abstract

:

In the context of economic transformation and ecological civilization construction, breaking financing constraints and carrying out green technology innovation has become an urgent task for enterprises to achieve green and sustainable development in China. As a financing method of the supply chain, can credit sales effectively promote enterprises’ green technology innovation? This paper constructs an evolutionary game model between upstream and downstream enterprises. Firstly, the interaction between credit sales and green technology innovation is explored through an evolutionary equilibrium analysis. Secondly, the influencing factors of credit sales and green technology innovation decisions are analyzed through a numerical simulation. The study found that: (1) Under the condition of evolutionary equilibrium, the credit sales of upstream enterprises and the green technology innovation of downstream enterprises can form a virtuous circle mode of “financing—income generation—benefit sharing”. That is, a win-win situation can be achieved through the internal circulation of the supply chain. (2) Profit distribution is one of the key issues in the game between upstream and downstream enterprises. The willingness of upstream enterprises to provide credit sales and downstream enterprises to carry out green technology innovation is positively related to the benefits they enjoy from green technology innovation. (3) The supervision cost is an obstacle for upstream enterprises’ credit sales. A practical and inexpensive account recovery guarantee mechanism is an effective way to improve the willingness of upstream enterprises to provide credit sales. (4) The government’s green subsidy is beneficial to the whole supply chain’s “credit sales—green technology innovation” mode, which not only directly stimulates downstream enterprises’ green technology innovation but also stimulates upstream enterprises’ credit sales through benefit sharing. This paper enriches the relevant research on green technology innovation of the supply chain and provides a reference for green technology innovation and financing interaction between upstream and downstream enterprises.
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1. Introduction


Green technology innovation (GTI) is an inevitable choice with the focus of China’s economic development shifting from speed to quality. At the 20th Communist Party of China National Congress held in October 2022, it was proposed that China will comprehensively build a modern socialist country, while “achieving high-quality development” is one of the essential requirements of China’s modernization. Moreover, the Chinese government has identified high-quality development as a top national priority. In terms of how to achieve high-quality development, the guideline given by the government is to “accelerate the green transformation of development mode”, which means promoting high-quality development with green and low-carbon economic and social development. Many theories and practices have proved that GTI is the main driving force for green development [1,2]. It can promote high-quality economic development, help the country establish a green and low-carbon economic system, and help enterprises gain core competitiveness and achieve long-term growth [3,4,5]. However, GTI is a high-risk project with high investment and a long period of time, and there are many obstacles in the enterprises’ implementation process [6]. Therefore, how to identify and remove the obstacles to enterprises’ GTI has aroused widespread concerns and discussion among the government and scholars.



In terms of breaking the financing dilemma, the diversified development of financial structures benefits enterprises carrying out GTI to achieve high-quality development which is friendly to the environment [7]. The government, academia, and other stakeholders have made many efforts to enrich the financing channels of enterprises. Taking Latin America as an example, since 1990, international aid agencies, governments, banks, and non-governmental organizations have provided many fiscal policies to encourage enterprises to carry out cleaner production, such as “Pathways to Cleaner Production in the Americas”, a multinational project enabling professionals and SME managers to promote GTI [8]. China launched green credit in 2013 to strengthen the credit support of banks in the fields of pollution prevention, energy conservation, and environmental protection [9]. Further, in 2019, China issued the “Guiding Opinions on Building a Market-Oriented GTI System”, which clearly stated that it is necessary to guide banking financial institutions to actively strengthen the support for GTI. It encourages GTI enterprises to use domestic and foreign markets for listing and financing [10]. In short, the continuous enrichment of green financial reform measures, such as green credit and green bonds, provides a solid financial guarantee for enterprises to implement GTI. Since COVID-19, most countries have been experiencing frequent full or partial lockdowns. Reduced economic activity and traffic restrictions have optimized the environment but have inevitably hindered and worsened the financing environment for businesses [11,12]. In this context, it is difficult for enterprises with limited access to the capital market to meet the funding gap for GTI through traditional bank loans, listing financing, and other means. With the recovery of China’s economy, the global economy is gradually improving [13]. It has important value for enterprises’ GTI to solve the financing dilemma by expanding informal financing channels.



A credit sale is a financing method for supply chain enterprises. Its decision-making process is an interest game between upstream and downstream enterprises, and it is difficult to become a fixed financing channel due to its great uncertainty. To improve the stability of credit sales and make them a stable source of funds for GTI, it is necessary to discuss the following issues intensely: When are upstream enterprises willing to provide credit sales to GTI enterprises? What factors will affect the decision results of supply chain enterprises’ credit sales and GTI? Therefore, this paper constructs an evolutionary game model between upstream and downstream enterprises and analyzes the evolutionary stability of credit sales and GTI under different benefit scenarios. Combined with the numerical simulation, this paper analyzes the influence of contribution income, supervision cost, and green subsidy on the decision results of credit sales and GTI. The main contributions of this paper are as follows: (1) Innovation in research perspectives. Currently, the research on credit sales mostly treats problems from the perspective of upstream enterprises to ensure the normal operation and income of their credit sales activities. This paper takes the downstream enterprises that obtain credit funds as a foothold and focuses on how the downstream enterprises can urge the upstream enterprises to provide credit sales for their GTI. (2) Innovation in research content. The past research on credit sales mostly focuses on how to improve the activity itself to ensure the interests of enterprises providing credit sales, rarely as a fixed financing channel for enterprises’ economic activities. This paper seeks to determine the method of obtaining upstream enterprises’ credit sales through game research to take credit sales as a stable financing channel for GTI activities. (3) Innovation in research methods. Scholars mostly use static analysis methods such as empirical analysis to study the financing dilemma of enterprises’ GTI, ignoring the dynamic changes among subjects. This paper uses the evolutionary game and numerical simulation to dynamically analyze the evolution process of the decision of enterprises’ credit sales and GTI. It provides a more specific research framework for solving the financing dilemma of enterprises’ GTI.



This paper is organized as follows: Section 2 is the literature review. Section 3 is the evolutionary game model. Section 4 is the evolutionary equilibrium analysis. Section 5 is the numerical simulation. Section 6 is the conclusion, policy implications, limitations, and future research methods.




2. Literature Review


2.1. Research on Financing and Enterprises’ GTI


Obtaining long-term financial support is important for enterprises to continue carrying out GTI [14,15]. Due to the high investment needs for GTI, enterprises often cannot provide all the working capital for the activity and require additional funds [16]. Ghisetti and Montresor [17] surveyed 2000 European SMEs and confirmed the necessity of financing in the circular economy. Financing constraints directly restrict enterprises’ GTI and weaken environmental regulations’ driving effect on enterprises’ GTI [18,19]. Chen et al. [20] took Chinese enterprises as a sample. They confirmed that behaviors that deteriorate the financing environment, such as local governments’ high debt, increase enterprises’ financing costs. To effectively alleviate financing constraints and promote funds flow into green industries, countries have introduced a series of green financial policies. Irfan et al. [21] argued that green finance policy affects enterprises’ GTI by optimizing industrial structure and promoting competitive growth and R&D investment. In addition, the allocation effect of credit resources generated by green financial policies helps to guide the financial resources flow from heavily polluting industries to green industries [22]. This resource flow forces polluting enterprises to carry out GTI by easing green industries’ financing constraints and increasing polluting enterprises’ financing costs [23]. In terms of financing channels, Liu and Chu [24] pointed out that green financing channels include corporate self-financing, banks, government financial funds, bonds, stocks, venture capital, private placement, and international clean development mechanism funds. Bank loans are the main source of funds for enterprises’ green production and innovation activities [25]. Li et al. [26] found that bank loans and government subsidies have a significant threshold effect on the effectiveness of cleaner production. That is, not all enterprises can benefit from both sources of financing. Opening and utilizing non-bank financing channels is necessary to promote SMEs’ financing performance [27]. Diversified financing channels such as green bonds, emission rights-based lending, and P2P have eased the constraints of green financing, thereby promoting enterprises’ GTI [28,29,30]. Digital finance, an emerging financing tool developed with internet technology, has the advantages of speed, efficiency, and low-cost. It can effectively alleviate financing constraints and financing inequality, which has become an important driving force for GTI [31,32]. Li et al. [33] found that digital finance has a poor green promotion effect in private enterprises, economically underdeveloped areas, and low-pollution industries. Yu et al. [34] also believed that private enterprises are more vulnerable to financing constraints than state-owned enterprises. Although financial policies can effectively alleviate the financing constraints of GTI in general, private enterprises are less likely to obtain green financing. So, it is necessary to explore ways to improve private enterprises’ access to green financing from various aspects. To this end, the General Office of the State Council of China issued the “Guiding Opinions on Actively Promoting Supply Chain Innovation and Application” in October 2017 [35]. The opinion pointed out that enterprises in the supply chain can achieve financing through mutual investment, which provides a new path for solving financing constraints. Dong et al. [36] and Roh et al. [37] took supply chain enterprises in China and South Korea as samples, respectively. They confirmed the positive role of supply chain cooperation in GTI.




2.2. Research on Credit Sales


Supply chain enterprises have many investment and financing methods, such as accounts receivable, inventory pledges, and prepayment financing [38]. This paper focuses on the supply chain’s credit sales between upstream and downstream enterprises. Credit sales have a long history and is the product of the development of commodity circulation. Taking credit sales as a financing channel is aimed at different subjects. For sellers, credit sales are a marketing strategy. For buyers, they are a channel for obtaining financing [39]. According to Demica, a world-renowned electronic platform provider for supply chain finance, in developed countries, supply chain finance has long been an important financing channel for SMEs [40]. According to the Prospective Industry Research Institute, China’s enterprises using supply chain financing only account for 30% of the respondents [41], and so there is ample space for China’s supply chain finance [42]. The key factors that affect supply chain enterprises choosing credit sales from various financing channels include financing cost, order quantity, inventory, and profit distribution [8,43,44]. Chen et al. [45] pointed out a significant positive correlation between national ownership and trade credit, and the proportion of trade credit is higher in countries with underdeveloped financial markets. A survey conducted by Murro and Peruzzi [46] with a sample of Italian manufacturing enterprises showed that maintaining close and long-term relationships with lending banks or enterprises is associated with obtaining trade loans. With the development of commercial credit, credit sales generally exist in transactions between upstream and downstream enterprises, and their role in financing between supply chain enterprises has gradually increased [47]. On the one hand, credit sales in the supply chain expand upstream enterprises’ sales scale, and on the other hand, ease downstream enterprises’ financial pressure [48]. Wu et al. [49] constructed a low-carbon supply chain between manufacturers and retailers and compared the profits of the supply chain under three modes: no financing, trade credit financing, and bank credit financing. The results show that trade credit financing is the most profitable in the supply chain. Credit sales boost supply chain business by reducing costs and order cancellation rates, ultimately enabling supply chain enterprises to gain more profits [50,51,52]. The supply chain game model constructed by Aljazzar et al. [53] showed that credit sales not only increase the supply chain’s economic performance but also optimize environmental performance. Yang and Lin [54] took an automobile enterprise in southwest China as an example to verify the positive effect of supply chain credit sales on GTI performance. They argued that supply chain collaboration is a core component of GTI. Of course, credit sales are not a perfect financing method. Due to the imperfect internal management mechanism and the lack of an effective risk management system, the problem of arrears between enterprises caused by credit sales is serious [55]. To summarize, credit sales are a financing method for interaction between upstream and downstream enterprises. How to promote enterprises’ GTI through credit sales is a subject worth studying.



Based on the above analysis, this paper starts with credit sales and establishes an evolutionary game model of supply chain enterprises’ GTI to explore the stable relationship between both parties. It provides new ideas for supply chain enterprises to open financing channels for GTI.





3. Evolutionary Game Model


This paper uses the evolutionary game model to analyze the strategy selection of GTI and the supply chain’s credit sales behavior of upstream and downstream enterprises to provide a new financing channel for GTI.



3.1. Problem Descriptions and Assumptions


This paper considers the supply chain composed of upstream suppliers and downstream manufacturers, in which upstream suppliers can or cannot provide raw materials with downstream manufacturers by credit sales and downstream manufacturers can or cannot carry out GTI. On the supplier side, there are three disadvantages of providing credit sales: ① There is a risk of bad debts. ② In order to reduce the risk of bad debts, some supervision measures should be taken for downstream enterprises. ③ The unpaid funds on credit sales and the supervision cost will lessen the liquidity, and excessive credit sales may cause losses to the enterprise’s other economic activities. There are two advantages of providing credit sales: ① The successful sales of products increase the operating income. ② Upstream suppliers can obtain a shared payment if downstream enterprises carry out GTI. These advantages and disadvantages are not inevitable but probabilistic events with uncertainties. Moreover, these uncertainties are not controlled by upstream enterprises but have a great relationship with downstream manufacturers. Regarding downstream manufacturers, the benefits of GTI are as follows: ① Obtaining green benefits. ② Obtaining government subsidies. ③ Improving competitiveness. The difficulties in carrying out GTI are: ① High R&D costs of GTI. ② It is not necessarily possible to obtain credit sales. ③ Other financing costs. The difficulty of downstream enterprises lies in whether they can obtain low-cost financing, such as credit sales, to ensure the profitability of GTI. Similarly, this difficulty is not completely controlled by downstream manufacturers, but largely depends on upstream suppliers. From the above analysis, the decision for credit sales and GTI require many interested negotiations between upstream and downstream enterprises. This process of continuous trials can be discussed by evolutionary game. Evolutionary game is developed from game theory. Unlike traditional game theory, evolutionary game theory does not require both parties to be completely rational but to have limited rationality. The final equilibrium strategy results from continuous learning rather than a decision. That is, equilibrium is a dynamically adjustable learning process [56,57]. The evolutionary game is widely used in the study of supply chain enterprise problems [58,59,60]. Based on this, this paper makes the following basic assumptions about the supply chain participants.



In this paper, we assume that the upstream and downstream enterprises of the supply chain are respectively upstream supplier A and downstream manufacturer B (for convenience, the following are collectively referred to as Enterprise A and Enterprise B), and both subjects have bounded rationality. Enterprise A is the party that may provide a credit sales financing service, and Enterprise B is the party that accepts the credit sales financing service, and the credit sales fund is used for GTI. Enterprise A can choose to provide a credit sales financing service to Enterprise B or not. Therefore, we assume that H1 = {credit sales, non-credit sales} is the policy set of Enterprise A. Enterprise B can choose to carry out GTI to improve production efficiency and reduce environmental governance costs, or it can choose not to carry out GTI. Therefore, H2 = {innovation, no innovation} is the strategy set of Enterprise B. We assume that under the original stable production mode, the current earnings of Enterprise A and B are  m  and  n , respectively. Considering that the problems referred to are economic benefits or costs, the values of variables in this paper are all positive unless otherwise specified.



First of all, the probability of a credit sales service provided by Enterprise A is  x , and the probability of a credit sales service not provided is   1 − x  . The probability of Enterprise B choosing to carry out GTI is  y , and the probability of Enterprise B choosing not to carry out GTI is   1 − y  , and there is   0 ≤ x ≤ 1  ,   0 ≤ y ≤ 1  .



Secondly, we assume the profit and loss of upstream company A in the credit sales service. On the premise of Enterprise B’s GTI, sharing the revenue of Enterprise A obtained by the credit sales service is  s . Due to the technology spillover effect, even if Enterprise A does not provide credit sales, it can still get the spillover benefits of Enterprise B’s GTI. Here, we assume that it is   λ s   [61], and there is   0 < λ < 1  .    c 1    is the loss caused to Enterprise A by the default risk of credit sales where Enterprise A provides a credit sales financing service to Enterprise B. The regulatory cost of Enterprise A is to avoid moral hazard caused by information asymmetry in credit sales financing services,    c 2   . After Enterprise A makes a credit sales decision, the impact on its enterprise caused by the slow flow of capital is    c 3    [62]. It should be noted that the size relationship between   S   and    c i    (i = 1, 2, 3) is uncertain, which will be discussed in the following text according to different situations.



Finally, we assume the gains and losses of downstream Enterprise B in the credit sales service.    d 1    is the cost of Enterprise B’s GTI excluding the financing cost. When Enterprise B obtains financing through credit sales, its financing cost is negligible.    d 2    is the financing cost of Enterprise B to obtain GTI from non-credit sales channels (such as bank loans, etc.) [63]. Then, the comprehensive cost of Enterprise B’s GTI through non-credit sales channel financing is    d 1  +  d 2   .   μ n   is the new income of Enterprise B for green technological innovation, where there is   0 < μ ≤ 1  . The government’s green subsidy or reward to Enterprise B is  e , and generally, the state will provide certain rewards to encourage enterprises to carry out GTI actively [64]. After Enterprise B carries out GTI, it can enhance the enterprise’s competitiveness and the supply chain [65], and the enhancement of competitiveness leads to the increase of  p . The following paper will discuss the relationship between the variables in detail. The symbols and meanings of the above parameters are shown in Table 1.




3.2. Model Construction


Based on the above assumptions and variables, when Enterprise A provides a credit sales service, and Enterprise B chooses GTI, the earnings of Enterprise A and B are:   m + s −  c 1  −  c 2  −  c 3   ,    (  1 + μ  )  n + e + p −  d 1   . When Enterprise A provides a credit sales service, and Enterprise B does not carry out GTI, the earnings of Enterprise A and B are   m −  c 1  −  c 2  −  c 3   ,  n . When Enterprise A does not provide a credit sales service, and Enterprise B carries out GTI, the earnings of Enterprise A and B are   m + λ s  ,    (  1 + μ  )  n + e + p −  d 1  −  d 2   . When Enterprise A does not provide a credit sales service, and Enterprise B does not carry out GTI, the earnings of Enterprise A and B are m, n. Therefore, the earnings of Enterprise A and Enterprise B are shown in Table 2.





4. Evolutionary Equilibrium Analysis


4.1. Equilibrium Analysis


Suppose that    u  11     is the expected earnings of upstream Enterprise A of the supply chain when it chose to provide a credit sales service strategy,    u  12     is the expected earnings of upstream Enterprise A of the supply chain when it chose not to provide a credit sales service strategy, and    u 1    is the average expected earnings of Enterprise A, then there is:


   u  11   = y  (  m + s −  c 1  −  c 2  −  c 3   )  +  (  1 − y  )   (  m −  c 1  −  c 2  −  c 3   )   



(1)






   u  12   = y  (  m + λ s  )  +  (  1 − y  )  m  



(2)






   u 1  = x  u  11   +  (  1 − x  )   u  12    



(3)







Suppose that    u  21     is the expected earnings of upstream Enterprise B of the supply chain when it chose to carry out GTI,    u  22     is the expected earnings of upstream Enterprise B of the supply chain when it chose not to carry out GTI, and    u 2    is the average expected earnings of Enterprise B, then there is:


   u  21   = x  [   (  1 + μ  )  n + e + p −  d 1   ]  +  (  1 − x  )   [   (  1 + μ  )  n + e + p −  d 1  −  d 2   ]   



(4)






   u  22   = x n +  (  1 − x  )  n  



(5)






   u 2  = y   u 21   +  (  1 − y  )   u 22   



(6)








4.2. Stability Analysis of Equilibrium Points


The replicator dynamics equation for Enterprise A and Enterprise B is as follows:


  F  ( x )  =   d x   d t   = x  (   u  11   −  u 1   )  = x  (  1 − x  )   (  s y −  c 1  −  c 2  −  c 3  − λ s y  )   



(7)






  F  ( y )  =   d y   d t   = y  (   u  21   −  u 2   )  = y  (  1 − y  )   (  μ n + e + p −  d 1  −  d 2  +  d 2  x  )   



(8)







In order to find out the equilibrium points of the evolutionary game, there is:     d x   d t   = 0  ,     d y   d t   = 0  , when   x = 0  ,   x = 1  , or   x = 1 −   μ n + e + p −  d 1     d 2     , the proportion of Enterprise A providing credit sales services is stable. When   y = 0  ,   y = 1  , or   y =    c 1  +  c 2  +  c 3     (  1 − λ  )  s    , the proportion of Enterprise B choosing GTI is stable. Apparently, there are five special equilibrium points, namely (0, 0), (0, 1), (1, 0), (1, 1), and (x*, y*), and then there is:


   {     x *  = 1 −   μ n + e + p −  d 1     d 2         y *  =    c 1  +  c 2  +  c 3     (  1 − λ  )  s        



(9)







The above equilibrium point is not necessarily the point of the evolutionary stability strategy (EES). The key is whether these equilibrium points resist a certain amount of deviation. Therefore, the Jacobian matrix of the replicating dynamic equations is constructed to analyze the stability of the equilibrium point. The Jacobian matrix H is as follows:


  H =  [       (  1 − 2 x  )   (  s y −  c 1  −  c 2  −  c 3  − λ s y  )      x  (  1 − x  )   (  s − λ s  )         d 2  y  (  1 − y  )       (  1 − 2 y  )   (  μ n + e + p −  d 1  −  d 2  +  d 2  x  )       ]   



(10)







The trace of the matrix is:


  t r  ( H )  =  (  1 − 2 x  )   (  s y −  c 1  −  c 2  −  c 3  − λ s y  )  +  (  1 − 2 y  )   (  μ n + e + p −  d 1  −  d 2  +  d 2  x  )   



(11)







Each equilibrium point is put into Equation (10) of the Jacobian matrix, and the matrix’s corresponding trace and determinant values are calculated, as shown in Table 3.



Then there is:


  T =    (  μ n + e + p −  d 1  −  d 2   )   (   c 1  +  c 2  +  c 3   )   (  μ n + e + p −  d 1   )   [   (  1 − λ  )  s −  c 1  −  c 2  −  c 3   ]     d 2  s  (  1 − λ  )     



(12)







To sum up, the different values of each parameter will lead to different evolutionary stability strategies, and there are the following six scenarios.



Case 1: If    (  μ n + e + p  )  >  (   d 1  +  d 2   )   , that is, when the newly added comprehensive benefit of the GTI of Enterprise B is greater than the comprehensive cost; when    [   (  1 − λ  )  s  ]  <  (   c 1  +  c 2  +  c 3   )   , in other words, when Enterprise A provides a credit sales service on the premise of GTI by Enterprise B, the new shared revenue is less than the cost loss. The stability of the equilibrium points is shown in Table 4.



Case 2: If    (  μ n + e + p  )  >  (   d 1  +  d 2   )   , that is, when the newly added comprehensive benefit of Enterprise B’s GTI is greater than the comprehensive cost; when    [   (  1 − λ  )  s  ]  >  (   c 1  +  c 2  +  c 3   )   , in other words, when Enterprise A provides a credit sales service on the premise of GTI by Enterprise B, the newly increased shared revenue is greater than the resulting cost loss. The stability of the equilibrium points is shown in Table 5.



Case 3: When    (  μ n + e + p  )  <  (   d 1  +  d 2   )    and    (  μ n + e + p  )  <  d 1   , that is, when Enterprise B’s new comprehensive income from GTI is less than the comprehensive cost; if    [   (  1 − λ  )  s  ]  <  (   c 1  +  c 2  +  c 3   )   , in other words, when Enterprise A provides a credit sales service on the premise of GTI by Enterprise B, the newly increased shared revenue is less than the resulting cost loss. The stability of the equilibrium points is shown in Table 6.



Case 4: When    d 1  <  (  μ n + e + p  )  <  (   d 1  +  d 2   )   , that is, when Enterprise B’s new comprehensive revenue from GTI is greater than the cost and less than the comprehensive cost; if    [   (  1 − λ  )  s  ]  <  (   c 1  +  c 2  +  c 3   )   , in other words, when Enterprise A provides a credit sales service on the premise of GTI by Enterprise B, the newly increased shared revenue is less than the cost loss. The stability of the equilibrium points is shown in Table 7.



Case 5: When    (  μ n + e + p  )  <  (   d 1  +  d 2   )    and    (  μ n + e + p  )  <  d 1   , that is, when Enterprise B’s new comprehensive income from GTI is less than the cost; when    [   (  1 − λ  )  s  ]  >  (   c 1  +  c 2  +  c 3   )   , in other words, when Enterprise A provides a credit sales service on the premise of GTI by Enterprise B, the newly increased shared revenue is greater than the resulting cost loss. The stability of the equilibrium points is shown in Table 8.



Case 6: When    d 1  < μ n + e + p <  (   d 1  +  d 2   )   , that is, when the newly added comprehensive benefit of the GTI of Enterprise B is greater than the cost but less than the comprehensive cost; when    [   (  1 − λ  )  s  ]  >  (   c 1  +  c 2  +  c 3   )   , in other words, when Enterprise A provides a credit sales service on the premise of GTI by Enterprise B, the newly increased shared revenue is greater than the resulting cost loss. The stability of the equilibrium points is shown in Table 9.



According to the above analysis, phase diagrams of six cases can be drawn, as shown in Figure 1.




4.3. Results


According to the stable equilibrium point and dynamic evolution game phase diagram, the following analysis results can be obtained:



(1) For Enterprise B, if the new comprehensive benefit gained from GTI is greater than the comprehensive cost, that is, when    (  μ n + e + p  )  >  (   d 1  +  d 2   )   , Enterprise B will choose the GTI strategy. Even if it cannot get the credit sales financing service from Enterprise A, the upstream of the supply chain, it will not affect the innovation choice of Enterprise B. When Enterprise B chooses to carry out GTI, Enterprise A’s shared revenue difference between providing credit services and not providing credit services is less than the cost loss caused by its provision of credit sales, then Enterprise A will not choose to provide a credit sales service to Enterprise B, and there is    [   (  1 − λ  )  s  ]  <  (   c 1  +  c 2  +  c 3   )   . At this time, as shown in Figure 1a, the evolutionary stability point is (0, 1). The evolutionary stability strategy provides Enterprise A with no credit sales service and Enterprise B with GTI.



(2) If Enterprise B chooses to carry out GTI, and the newly added comprehensive benefit is greater than the comprehensive cost, that is, when    (  μ n + e + p  )  >  (   d 1  +  d 2   )   , Enterprise B will choose to carry out GTI, which is not directly related to whether Enterprise A provides a credit sales financing service. However, when Enterprise B chooses GTI, and Enterprise A’s shared revenue difference between providing a credit sales service and not providing a credit sales service is greater than the cost loss caused by providing a credit sales service, Enterprise A is willing to provide a credit sales service to Enterprise B, and there is    [   (  1 − λ  )  s  ]  >  (   c 1  +  c 2  +  c 3   )   . At this time, the situation is shown in Figure 1b, and the evolutionary stability strategy point is (1, 1). That is, Enterprise A is willing to provide a credit sales service to Enterprise B, and Enterprise B chooses to carry out GTI, which is exactly what the research expects.



(3) If the new comprehensive income of Enterprise B for GTI is less than the cost, that is, when    (  μ n + e + p  )  <  d 1   , Enterprise B does not carry out GTI; that is, although Enterprise A in the upstream of the supply chain provides a credit sales financing service, it will not change the selection strategy of Enterprise B. If Enterprise A provides a credit sales service, the newly increased shared revenue is less than the newly increased cost, and Enterprise A will not provide a credit sales service to Enterprise B, and there is    [   (  1 − λ  )  s  ]  <  (   c 1  +  c 2  +  c 3   )   . At this time, the equilibrium point of the evolutionary game in the system is (0, 0). That is, Enterprise A does not provide a credit sales service, and Enterprise B does not carry out GTI, as shown in Figure 1c, which is the most undesirable scenario in the real world.



(4) If Enterprise B carries out GTI, the new comprehensive revenue is greater than the cost and less than the comprehensive cost. That is, when    d 1  <  (  μ n + e + p  )  <  (   d 1  +  d 2   )   , Enterprise B does not carry out GTI, and a financing service alone cannot cover the total innovation cost of Enterprise B. If Enterprise A provides a credit sales service, the newly increased shared revenue is less than the newly increased cost, then Enterprise A will not provide a credit sales service, and there is    [   (  1 − λ  )  s  ]  <  (   c 1  +  c 2  +  c 3   )   . At this point, the equilibrium point of the evolutionary game existing in the system is (0, 0), as shown in Figure 1d.



(5) If the benefit of Enterprise B’s GTI is less than the cost, that is    (  μ n + e + p  )  <  d 1   , Enterprise B does not carry out GTI. That is, because the innovation benefits are too low, Enterprise B’s innovation gains are not worth the loss. If Enterprise A provides a credit sales service, the newly increased shared revenue is greater than the newly increased cost. That is, when    [   (  1 − λ  )  s  ]  >  (   c 1  +  c 2  +  c 3   )   , Enterprise A will provide a credit sales service. Due to the non-innovation of Enterprise B, Enterprise A cannot get innovation benefits, so the game stability point of the system is (0, 0), as shown in Figure 1e.



(6) If Enterprise B carries out GTI, the new comprehensive revenue is greater than the cost and less than the comprehensive cost. That is, when    d 1  <  (  μ n + e + p  )  <  (   d 1  +  d 2   )    and if Enterprise A provides a credit sales service, the newly increased shared revenue is greater than the newly increased cost; that is, when    [   (  1 − λ  )  s  ]  >  (   c 1  +  c 2  +  c 3   )   , the game stability points of the system are (0, 0) and (1, 1). The results are as follows: Enterprise A does not provide a credit sales service, and Enterprise B does not carry out GTI; enterprise A provides a credit sales service, and Enterprise B carries out GTI, as shown in Figure 1f. The change of the value of parameters will affect the evolution results, so it is necessary to conduct further analysis.




4.4. Discussion


For the sixth case, it is advisable to set the area of quadrilateral ACBDA as    R 1    and the area of quadrilateral OADBO as    R 2   , then    R 1    and    R 2    are expressed as:


   R 1  = 1 −  1 2   (   x *  +  y *   )  = 1 −  1 2   (    − μ n − e − p +  d 1  +  d 2     d 2    +    c 1  +  c 2  +  c 3     (  1 − λ  )  s    )   



(13)






   R 2  =  1 2   (   x *  +  y *   )  =  1 2   (    − μ n − e − p +  d 1  +  d 2     d 2    +    c 1  +  c 2  +  c 3     (  1 − λ  )  s    )   



(14)







The probability that the system converges to (1, 1) is greater than the probability that it converges to (0, 0) when    R 1  >  R 2   . The probability that the system converges to (1, 1) is less than the probability that it converges to (0, 0) when    R 1  <  R 2   . The probability that the system converges to (1, 1) is equal to the probability that it converges to (0, 0) when    R 1  =  R 2   . According to Formulas (13) and (14), the factors affecting and    R 1    and    R 2    are  λ ,  s ,  μ ,  n ,  e ,  p ,    d 1   ,    d 2   ,    c 1   ,    c 2   ,    c 3   . Therefore, the following results can be obtained through analysis.



(1)     ∂  R 1    ∂ λ   =   − 2 s  (   c 1  +  c 2  +  c 3   )       (  2 s λ − 2 s  )   2    < 0  ; in this case,    R 1    is the subtraction function of  λ , and the larger the proportion of spilled benefits of GTI that Enterprise A can obtain by not providing a credit sales service, the smaller the area of    R 1    is. That is, the smaller the probability of system convergence to the point (1, 1).     ∂  R 1    ∂ μ   =  n  2  d 2    > 0  ; in this case,    R 1    is the increasing function of  μ , and the larger the multiple of  μ , the larger the area of    R 1   . That is, the greater the probability that the system converges to the point (1, 1).



(2)     ∂  R 1    ∂ n   =  μ  2  d 2    > 0  ; in this case,    R 1    is the increasing function of  n , and the larger the current income of Enterprise B is, the larger the area of    R 1    is. That is, the greater the probability that the system converges to the point (1, 1).     ∂  R 1    ∂ s   =   −  (   c 1  +  c 2  +  c 3   )   (  2 λ − 2  )       (  2 λ s − 2 s  )   2     , as   0 < λ < 1  , so     ∂  R 1    ∂ s   > 0  , then    R 1    is the increasing function of  s , and the greater the shared benefit of GTI that Enterprise A can obtain by providing a credit sales service, the larger the area of t is. That is, the greater the probability that the system converges to the point (1, 1).     ∂  R 1    ∂ e   =   ∂  R 1    ∂ p   =  1  2  d 2    > 0  ; in this case,    R 1    is the increasing function of  e  and  p , and the larger the government subsidies and incentives to Enterprise B for GTI, the larger the area of    R 1    is. GTI leads to the enhancement of competitiveness, and the greater the benefit brought to Enterprise B, the larger the area of m is. That is, the greater the probability that the system converges to the point (1, 1).



(3)     ∂  R 1    ∂  d 1    = −  1  2  d 2    < 0  ; in this case,    R 1    is the subtraction function of    d 1   , and the larger the cost of GTI (excluding the financing cost) of Enterprise B, the smaller the area of    R 1   . That is, the smaller the probability that the system converges to the point (1, 1).     ∂  R 1    ∂  d 2     =   −  (  μ n + e + p −  d 1   )    2  d 2    2     , since    (  μ n + e + p −  d 1   )  > 0  , so     ∂  R 1    ∂  d 2    < 0  ; in this case,    R 1    is the subtraction function of    d 2   . The larger the financing cost of the non-credit sales channel for the GTI of Enterprise B, the smaller the area of    R 1   . That is, the smaller the probability that the system converges to the point (1, 1).



(4)     ∂  R 1    ∂  c 1    =   ∂  R 1    ∂  c 2    =   ∂  R 1    ∂  c 3    = −  1  2 s  (  1 − λ  )    < 0   (  0 < λ < 1  ); in this case,    R 1    is the subtraction function of    c i    ( i  = 1, 2, 3), and the greater the default loss    c 1    faced by Enterprise A, the greater the regulatory cost    c 2   , and the greater the negative impact on Enterprise A after providing a credit sales service, the smaller the area of    R 1   . That is, the smaller the probability that the system converges to the point (1, 1).





5. Numerical Simulation


According to the analysis results of the above model, the evolution results of Enterprise A and Enterprise B may be (non-credit sales, innovation), (credit sales, innovation), and (non-credit sales, no innovation). The final equilibrium strategy of both sides of the game depends on the specific value of the matrix variable affecting their returns, and the change of the value of the variable will affect the strategic equilibrium state. In order to deeply explore the specific impact of variables in the income matrix on credit sales financing services and GTI behavior of upstream and downstream enterprises in the supply chain, this paper carried out a numerical simulation based on MATLAB R2018a software, which mainly analyzed the evolutionary stability strategy under different conditions and the influence of the value of variables on the behavior of both sides of the game.



5.1. Initial Conditions and Variable Assignment Simulation


In the simulation graph, the horizontal axis represents time, represented by t, and the vertical axis represents the probability of the evolution of Enterprise A’s behavior to provide a credit sales service or Enterprise B’s behavior evolution to select GTI, denoted as q. With reference to the evolutionary game model of Sun and Zhang [66] and Zhang et al. [67], the simulation time range is determined as 0~10, the unit is year, and the step size is 0.1.



The relationship between the parameters is set as follows: The initial data of credit sales refer to the research of Cui et al. [68], Liu and Peng [69], and Zhou et al. [70]. In order to make the analysis simple, the current profit value  s  of Enterprise A is preliminarily set to be 10 units, and the default loss    c 1   , supervision cost    c 2   , and the impact of credit sales on its    c 3    are all smaller than the current income, and the appropriate value is set. The determination of the initial data related to green technology innovation is based on the research of Zhang et al. [71], Chen et al. [72], and Li and Gao [73]. The current profit value  n  of Enterprise B is set as 20 units, government subsidy  e  for GTI, and supply chain enhancement revenue  p  after GTI is generally lower than the cost of GTI. Since this paper is mainly a numerical simulation, the numerical values of all parameters do not represent the real values, but the relationship between them satisfies the basic logic of the real situation.



	(1)

	
The parameter satisfies Case 1.







At first, the initial value of the parameters was set referring to the practical situation as follows:


   λ = 0.5   ,   μ = 0.5   ,    n = 20   ,    e = 2   ,    p = 3   ,    d 1  = 5   ,    d 2  = 5   ,   s = 10   ,    c 1  = 2   ,    c 2  = 3   ,    c 3  = 1   











The MATLAB simulation is conducted based on the above parameter assumptions, and the results are shown in Figure 2. The simulation results show that when the parameters satisfy that the comprehensive benefit of Enterprise B’s GTI is greater than its comprehensive cost, the probability of Enterprise B’s GTI evolves in the direction of 1. Further, when the parameters satisfy that the newly increased shared revenue of Enterprise A in providing a credit sales service is less than the newly increased cost, the probability that Enterprise A provides a credit sales service evolves in the direction of 0. At the beginning of the evolution,   x = 0.9  ,   y = 0.9  , and   x = 0.1  ,   y = 0.1   cases were selected for simulation to analyze the influence of the initial probability of Enterprise A providing a credit sales financing service and Enterprise B carrying out GTI behavior on its evolution results, as show in Panel (a) and (b). The results show that the final equilibrium evolution result does not change except for the evolution speed. In other words, no matter what the initial intention of Enterprise A and Enterprise B is, if the parameters meet the above conditions, the final choice of both sides is stable and unchanged. Therefore, in order to facilitate the analysis, the initial values of  x  and  y  are uniformly set as (0.5, 0.5) in the following cases.



	(2)

	
The parameter satisfies Case 2.







At first, the initial value of the parameters was set referring to the practical situation as follows:


   λ = 0.5   ,   μ = 0.5   ,   n = 20   ,   e = 2   ,   p = 3   ,    d 1  = 5   ,    d 2  = 5   ,   s = 10   ,    c 1  = 1   ,    c 2  = 1   ,    c 3  = 1   











The MATLAB simulation is conducted based on the above parameter assumptions, and the results are shown in Figure 3a. For firms A and B, their combined returns are positive. Therefore, when the benefit of GTI is greater than the cost, and the new revenue generated by credit sales is greater than the new cost, the stabilization strategy of upstream and downstream enterprises in the supply chain is (credit sales, innovation). This situation is also an important embodiment of the GTI credit sales financing mode of supply chain enterprises.



	(3)

	
The parameter satisfies Case 3.







At first, the initial value of the parameters was set referring to the practical situation as follows:


   λ = 0.5   ,   μ = 0.05   ,   n = 20   ,   e = 0   ,   p = 3   ,    d 1  = 5   ,    d 2  = 5   ,   s = 10   ,    c 1  = 2   ,    c 2  = 3   ,    c 3  = 1   











The MATLAB simulation is conducted based on the above parameter assumptions, and the results are shown in Figure 3b. For Enterprise A and Enterprise B, this situation makes the profits of both sides reach the minimum, and the strategy choices are all evolving towards the trend of probability 0. For the supply chain enterprises with the characteristics of “economic man”, profit maximization is their ultimate goal. Therefore, when the benefit of GTI is less than the cost and the new revenue generated by credit sales is less than the new cost, the stable strategy of upstream and downstream enterprises in the supply chain is (non-credit sales, no innovation).



	(4)

	
The parameter satisfies Case 4.







At first, the initial value of the parameters was set referring to the practical situation as follows:


   λ = 0.5   ,   μ = 0.05   ,   n = 20   ,   e = 2   ,   p = 3   ,    d 1  = 5   ,    d 2  = 5   ,   s = 10   ,    c 1  = 2   ,    c 2  = 3   ,    c 3  = 1   











The MATLAB simulation is conducted based on the above parameter assumptions, and the results are shown in Figure 4a. The simulation results show that when the parameters satisfy that Enterprise A provides a credit sales service, the newly increased shared revenue is less than the newly increased cost, and the probability that Enterprise A provides a credit sales service evolves in the direction of 0. When the parameters satisfy that the comprehensive benefit of Enterprise B’s GTI is greater than its GTI cost and less than its comprehensive cost, the probability of Enterprise B carrying out GTI evolves towards 0. At this time, the stable strategy of upstream and downstream enterprises in the supply chain is (no credit sales, no innovation).



	(5)

	
The parameter satisfies Case 5.







At first, the initial value of the parameters was set referring to the practical situation as follows:


   λ = 0.5   ,   μ = 0.05   ,   n = 20   ,   e = 0   ,   p = 3   ,    d 1  = 5   ,    d 2  = 5   ,   s = 10   ,    c 1  = 2   ,    c 2  = 1   ,    c 3  = 1   











The MATLAB simulation is conducted based on the above parameter assumptions, and the results are shown in Figure 4b. In this case, since the comprehensive benefit of GTI is less than the cost, Enterprise B has an obvious lack of motivation for GTI. For Enterprise A, although the revenue generated by providing a credit sales service is greater than the cost, the premise of this inequality is that Enterprise B makes GTI. Therefore, when Enterprise B does not carry out GTI, the probability of Enterprise A providing a credit sales service is also low, and the final evolution trend is towards the direction of probability 0. At this time, the stability strategy of upstream and downstream enterprises of the supply chain is (no credit sales, no innovation).



	(6)

	
The parameter satisfies Case 6.







At first, the initial value of the parameters was set referring to the practical situation as follows:


   λ = 0.5   ,   μ = 0.05   ,   n = 20   ,   e = 2   ,   p = 3   ,    d 1  = 5   ,    d 2  = 5   ,   s = 10   ,    c 1  = 2   ,    c 2  = 1   ,    c 3  = 1   











The MATLAB simulation is conducted based on the above parameter assumptions, and the results are shown in Figure 5a, and on this basis, appropriately increase the value of income variables and reduce the value of cost variables. That is, suppose  μ  increases from 0.05 to 0.1 and  s  from 10 to 20. Meanwhile,    d 1    and    d 2    decrease from 5 to 4 and    c 1    from 2 to 1, respectively. Then, the new parameter value is:


   λ = 0.1   ,   μ = 0.1   ,   n = 20   ,   e = 2   ,   p = 3   ,    d 1  = 4   ,    d 2  = 4   ,   s = 20   ,    c 1  = 1   ,    c 2  = 1   ,    c 3  = 1   











The MATLAB simulation is conducted based on the above parameter assumptions, and the results are shown in Figure 5b. Thus, in Case 6, the upstream and downstream enterprises of the supply chain have two evolutionary stabilization strategies, namely (non-credit sales, no innovation) and (credit sales, innovation).




5.2. Influence of Parameters on Simulation Results


The parameters set in this paper can be divided into two categories: one belongs to the variables affecting Enterprise A, and the other belongs to the variables affecting Enterprise B. In the above six cases, the equilibrium point of Case 1 is (0, 1), and the final choice of Enterprise B is innovation, which meets the research expectation. Therefore, the influence of parameter changes on the GTI behavior of Enterprise B can be studied under condition 1. However, the final choice of Enterprise A is not to provide credit sales, which does not meet the research expectation. Therefore, we will not take Enterprise A as the research object. Similarly, the equilibrium point of Case 2 is (1, 1), and the strategy combinations of Enterprise A and B meet the expectation. Therefore, under the condition of Case 2, both enterprises can be taken as research objects. The evolutionary stability strategies of Case 3, Case 4, and Case 5 are all (0, 0), so the final behavior selection of Enterprise A and B is not what this paper expects to study, and the stable strategy set of Case 6 has appeared in the first five cases. Therefore, we chose Case 1 to analyze the influence of parameter changes on the behavior of Enterprise B and choose Case 2 to analyze the influence of parameter changes on the behavior of Enterprise A. The specific analysis is as follows.



	(1)

	
The impact of government green subsidies or incentives on evolutionary outcomes.







The value of the government’s green subsidy or reward  e  will have an impact on enterprises’ GTI decisions. In order to obtain obvious results, under the condition of satisfying the Case 1 parameter inequality, we conducted a numerical simulation by resetting the   e = 1   and   e = 8   two cases, respectively. The simulation results are shown in Figure 6. The greater the government’s subsidy to Enterprise B for GTI, the faster the probability of Enterprise B’s GTI tends to 1. The simulation result is highly consistent with the expected results in real life. Indeed, China’s GTI achievements are closely related to the policies issued by the government [74]. The government’s green subsidies or incentive policies include environmental taxes, incentives for green manufacturing, penalties for non-green manufacturing, and rewards and penalties for achieving the minimum green manufacturing ratio. These government incentives and punishments have a significant positive impact on enterprises’ GTI. That is because the more governments subsidize or reward innovation in green technologies, the more money enterprises will have to do it, and the capital increase can reduce the cost burden to some extent. It also increases the possibility of GTI. In addition, the incentive effect of the government on enterprises’ green transformation can produce a diffusion effect, which further causes social production to change to the green direction. Existing research supports this conclusion. For example, Hussain et al. [75] studied the decision-making behavior of enterprises’ green technology under the emission reduction subsidy policy and concluded that government subsidies can make enterprises maximize profits while developing green technology, while supply chain enterprises will not adopt GTI without subsidies or authorization. Zhang [76] pointed out in his research that government intervention should gradually shift from tax to subsidies to help enterprises achieve green sustainable development. Therefore, government subsidies play an important role in implementing GTI by supply chain enterprises.



	(2)

	
The impact of the new revenue multiple brought by GTI on the evolution results.







The new revenue multiple  μ  brought by GTI can stimulate enterprises to decide to implement GTI. In order to obtain obvious results, under the condition of satisfying the Case 1 parameter inequality, we conducted a numerical simulation by resetting the   μ = 0.4   and   μ = 1   two cases, respectively. The simulation results are shown in Figure 7. The greater the multiple benefits brought by GTI to Enterprise B, the faster the probability of Enterprise B’s choice of GTI will approach 1. If other parameters are not changed, the increase in revenue will undoubtedly stimulate the motivation of supply chain Enterprise B to choose GTI. It is worth noting that in reality, the benefit of GTI is a multidimensional concept, which can be either corporate financial performance or non-financial performance, such as corporate reputation and social image. Xie et al. [77] believed that GTI could improve the financial performance of enterprises. In addition, there may be a time lag between the successful development of green technology and the actual generation of benefits, which leads to the fact that the effect of GTI cannot be fully manifested in that year, thus affecting the enthusiasm of enterprises to implement GTI. For example, Xie et al. [78] conducted an empirical study on the Chinese A-share listed companies in Shenzhen and on the Shanghai Stock Exchange from 2008 to 2013 and concluded that the R&D investment in the GTI of enterprises had a certain lag effect on their business performance.



	(3)

	
The influence of the comprehensive cost of GTI on the evolutionary results.







Controlling the cost of GTI can improve innovation efficiency. Therefore, under the condition of satisfying the Case 1 parameter inequality, we conducted a numerical simulation by resetting the    d 1  +  d 2  = 2   and    d 1  +  d 2  = 14   two cases, respectively, and the simulation results are shown in Figure 8. As can be seen from Panel (a), the greater the value of    d 1  +  d 2   , the faster the probability that Enterprise B chooses to carry out GTI will approach 1. As can be seen from Panel (b), when the total cost of GTI remains unchanged, the smaller the cost of GTI is and the greater the financing cost is (the value of    d 1    is small and the value of    d 2    is large), the faster the probability of Enterprise B choosing to make GTI tends to 1. This shows that compared with other financing costs of enterprises, the cost of GTI has a greater impact on enterprise decision-making. This is because if the cost of green innovation is low, less capital is needed to finance it, which in turn reduces the cost of financing. At the same time, the lower the cost of green innovation, the greater the benefit of green innovation. Therefore, Enterprise B is more motivated to carry out GTI.



	(4)

	
The influence of spillover sharing multiple of GTI on the evolution results.







If the shared revenue multiple  λ  obtained by Enterprise A from technology spillover is relatively large, it may cause the enterprise to not provide a credit sales service. Therefore, under the condition of satisfying the Case 2 parameter inequality, we conducted a numerical simulation by resetting the   λ = 0  . 1    and   λ = 0  . 3    two cases, respectively, and the simulation results are shown in Figure 9. The larger  λ  is, the higher technology spillover income can be obtained even if Enterprise A does not provide a credit sales service. As a result, the probability that Enterprise A chooses to provide a credit sales service tends to 1 very slowly. From the perspective of dynamic game relations, if Enterprise A does not provide a credit sales service, then Enterprise B may take various measures to reduce the technology spillover effect. Therefore, the innovation achievements shared by Enterprise A through technology spillover will be reduced. On the contrary, if Enterprise A provides a credit sales service, then the financial pressure of Enterprise B to carry out GTI can be alleviated to some extent. In addition, it also improves the innovation efficiency of the green technology of Enterprise B, and thus brings Enterprise A a larger profit than if there are no credit sales. At this time, the income matrix satisfies the conditions that are beneficial to both parties. This point is completely consistent with the research conclusion of Wang and Chen [79]; that is, due to the phenomenon of technology spillover, enterprises benefit more from cooperative innovation than from non-cooperative innovation.



	(5)

	
The influence of shared revenue based on a credit sales service on evolution results.







It is an important guarantee for enterprises to provide credit sales to obtain more GTI-sharing revenue. Therefore, under the condition of satisfying the Case 2 parameter inequality, we conducted a numerical simulation by resetting the   s = 13   and   s = 18   two cases, respectively, and the simulation results are shown in Figure 10. As can be seen from the figure, the greater the shared revenue  s  obtained by Enterprise A when providing a credit sales service to Enterprise B, the faster the ratio of a credit sales service provided by Enterprise A tends to 1. That is, the shared revenue is an important factor considered by Enterprise A when providing credit sales. In addition, the willingness to provide credit sales services also depends on the density of cooperation between Enterprise A and Enterprise B, and the actual benefits of the final operation. Enterprise B’s technological innovation can reduce its relative product cost and increase output, so it needs to buy more raw materials from Enterprise A, thus expanding the sales volume and sales profit of Enterprise A. Therefore, the new technology adopted by Enterprise B can improve the profit of Enterprise A. Generally, the greater the shared revenue of Enterprise A, the stronger the willingness to provide a credit sales service.



	(6)

	
The impact of default cost of credit sales faced by Enterprise A on the final evolution results.







The default cost of the credit sales of supply chain enterprises directly affects the decision of Enterprise A. Therefore, under the condition of satisfying the Case 2 parameter inequality, we conducted a numerical simulation by resetting the    c 1  = 1   and    c 1  = 2   two cases, respectively, and the simulation results are shown in Figure 11. Thus, the smaller the default cost of credit sales faced by Enterprise A, the faster the probability of providing a credit sales financing service tends to 1. In other words, if the default probability of Enterprise B can be reduced, it means the reduction of the default cost of credit sales and the increase of shared income for Enterprise A, to improve the willingness of Enterprise A to provide a credit sales service. The research of Meng et al. [80] shows that technological innovation activities can reduce the default risk.



	(7)

	
The impact of the regulatory cost of Enterprise A on the final evolution results.







Regulation is a means for Enterprise A to avoid greater losses, but regulation has costs. Therefore, under the condition of satisfying the Case 2 parameter inequality, we conducted a numerical simulation by resetting the    c 2  = 1   and    c 2  = 2   two cases, respectively, and the simulation results are shown in Figure 12. Thus, the smaller the supervision cost of Enterprise A, the more incentive that it must provide credit sales financing services to Enterprise B. If Enterprise B can consciously abide by its commitments and establish trust with Enterprise A, it can reduce the friction between the enterprises, negotiation costs, supervision costs, and other costs, improve the efficiency of cooperation between enterprises, and thus improve the evolutionary efficiency of both upstream and downstream enterprises in the supply chain. Moreover, as the number of collaborations between upstream and downstream enterprises of the supply chain increases, mutual trust is enhanced to a certain extent, thus reducing the cost of supervision. As Cojoianu et al. [81] said, trust plays a positive role in the supply chain, and trust and innovation are the prerequisites for higher performance in the supply chain.





6. Conclusions and Policy Implications


6.1. Conclusions


In order to alleviate the financing dilemma of enterprises’ GTI, this paper introduces credit sales into the game model to verify if they can provide financing direction and how to design a credit sales mechanism to promote supply chain enterprises to achieve sustainable GTI. Through the game analysis and simulation, this paper draws the following conclusions: (1) Credit sales are a financing method that benefits supply chain enterprises’ GTI. For enterprises that accept financing services, credit sales relieve their financial pressure and increase the willingness to implement GTI. The shared profits brought by GTI also enhance upstream enterprises’ economic benefits and the entire supply chain’s competitiveness. As the income from GTI and credit sales increases, upstream enterprises are more willing to provide credit sales, and downstream enterprises are more likely to implement GTI. Although the widespread use of credit sales may lead to an excessive extension of payment periods and, consequently, deteriorate the profitability of companies, the advantages may outweigh this including, among others, the reduction of transaction costs, and could be a financial alternative to the banking system and an additional tool to improve business activities. In sum, credit sales and GTI are the optimal strategies that can benefit the development of the supply chain while satisfying the requirements of their interests. (2) The shared benefits from GTI increase upstream enterprises’ enthusiasm to provide credit sales. The shared benefits of GTI increase the profits of enterprises providing credit sales by offsetting their supervision cost. Under the dual blessing of shared and sales profits, enterprises will tend to provide credit sales. The bundling of GTI and credit sales by downstream enterprises will prompt upstream enterprises to provide credit sales services. (3) The government’s green subsidies or incentives stimulate the GTI of enterprises enjoying credit sales services. For enterprises receiving credit sales, the green subsidies or incentives provide funds for GTI and thus increase the probability of GTI. The downstream enterprises’ GTI indirectly increases upstream enterprises’ willingness to provide credit sales. Therefore, the government’s support for GTI positively affects supply chain enterprises’ goals.




6.2. Policy Implications


Based on the conclusions, this paper puts forward the following suggestions: (1) Credit sales create profits for supply chain companies. Upstream enterprises should change their concepts and regard credit sales as a tool to promote sales and obtain green income, rather than a risk. To obtain credit sales, downstream enterprises should actively develop GTI and allocate appropriate green income to upstream enterprises. Thus, a sustainable GTI supply chain is formed under the joint action of trust, fairness, and profit. (2) The government should increase subsidies and incentives for supply chain enterprises. On the one hand, the government should provide incentives and subsidies for enterprises that carry out GTI to encourage green transformation and enhance their confidence in GTI. On the other hand, the government also provides incentives and subsidies to enterprises that offer credit sales, increasing the willingness and proportion to provide credit sales. The joint promotion of upstream and downstream enterprises can form a positive synergistic effect and prompt the supply chain to form a virtuous circle of credit sales and GTI. (3) Improve financing-related laws and regulations to provide legal protection for supply chain collaboration. Bad debts are the main risk for upstream enterprises that provide credit sales, and the resulting supervision cost is a key factor affecting enterprises’ credit sales provision. Perfect and effective supervision and traceability laws provide a safety backing, which can effectively improve the financing capacity of supply chain GTI.




6.3. Limitations and Future Research Directions


This paper studies supply chain enterprises’ interaction with GTI from the perspective of credit sales. The conclusions provide a reference for solving the financing dilemma of enterprises’ GTI. This study still has potential space for exploration in expanding financing channels to promote enterprises’ GTI. (1) This paper adopts the method of the dynamic game to examine the strategic game of upstream and downstream enterprises in credit sales and GTI, but fails to verify it with empirical data. It is suggested that future research studies the relationship between supply chain credit sales and GTI based on long-term panel data. (2) This study found a positive interactive relationship between credit sales and GTI and did not delve into the composition of credit sales services. Future research could focus on the optimal state of the trust period and the proportion of accounts payable in the credit sales service to provide the optimal economic decision-making basis for supply chain enterprises.
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Figure 1. Phase diagram of system evolution under six conditions. 
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Figure 2. Influence of different initial intentions on the final evolutionary results. (a) is the evolution diagram when the initial point is (0.9, 0.9). (b) is the evolution diagram when the initial point is (0.1, 0.1). 






Figure 2. Influence of different initial intentions on the final evolutionary results. (a) is the evolution diagram when the initial point is (0.9, 0.9). (b) is the evolution diagram when the initial point is (0.1, 0.1).



[image: Sustainability 15 00702 g002]







[image: Sustainability 15 00702 g003 550] 





Figure 3. Simulation results of Case 2 and Case 3. (a) is the evolution diagram of Case 2. (b) is the evolution diagram of Case 3. 
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Figure 4. Simulation results of Case 4 and Case 5. (a) is the evolution diagram of Case 4. (b) is the evolution diagram of Case 5. 
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Figure 5. Simulation results of Case 6. (a) is the first evolution result of Case 6. (b) is the second evolution result of Case 6. 
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Figure 6. The influence of  e  on the final evolution result. 
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Figure 7. The influence of  μ  on the final evolution result. 
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Figure 8. The effect of    d 1    and    d 2    on the final evolution result. (a) is the first effect of    d 1    and    d 2    on the final evolution result. (b) is the second effect of    d 1    and    d 2    on the final evolution result. 
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Figure 9. The influence of  λ  on the final evolution result. 
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Figure 10. The influence of  s  on the final evolution result. 
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Figure 11. The influence of    c 1    on the final evolution result. 
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Figure 12. The influence of    c 2    on the final evolution result. 
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Table 1. Parameters description.
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	Parameters
	Description





	  m  
	Current earnings of Enterprise A.



	  n  
	Current earnings of Enterprise B.



	  s  
	Shared revenue of GTI gained by Enterprise A when providing a credit sales service.



	  λ  
	The percentage of technology spillover income derived from Enterprise A not providing credit sales services.



	    c 1    
	Loss caused to Enterprise A by default risk of credit sales.



	    c 2    
	The supervision cost of credit sales paid by Enterprise A.



	    c 3    
	The negative impact of Enterprise A’s provision of credit sales on its capital operation.



	    d 1    
	Cost of GTI in Enterprise B.



	    d 2    
	Enterprise B obtains financing costs of GTI from non-credit sales channels.



	  μ  
	The new revenue multiple brought by GTI to Enterprise B.



	  e  
	Government green subsidies or incentives for Enterprise B.



	  p  
	The enhancement of Enterprise B’s competitiveness after GTI.
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Table 2. The return matrix of Enterprise A and Enterprise B.
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Enterprise B

	
Innovation

	
No Innovation




	
Enterprise A

	






	
Credit sales

	
    (  m + s −  c 1  −  c 2  −  c 3  ,  (  1 + μ  )  n + e + p −  d 1   )    

	
    (  m −  c 1  −  c 2  −  c 3  , n  )    




	
Non-credit sales

	
    (  m + λ s ,  (  1 + μ  )  n + e + p −  d 1  −  d 2   )    

	
    (  m , n  )    
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Table 3. The Jacobian matrix corresponds to the determinant and trace of the equilibrium point.
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	Equilibrium
	The Sign of the Determinant
	The Sign of the Trace of the Matrix H





	(0, 0)
	   −  (   c 1  +  c 2  +  c 3   )   (  μ n + e + p −  d 1  −  d 2   )    
	   −  (   c 1  +  c 2  +  c 3   )  +  (  μ n + e + p −  d 1  −  d 2   )    



	(0, 1)
	   −  (  s −  c 1  −  c 2  −  c 3  − λ s  )   (  μ n + e + p −  d 1  −  d 2   )    
	    (  s −  c 1  −  c 2  −  c 3  − λ s  )  −  (  μ n + e + p −  d 1  −  d 2   )    



	(1, 0)
	    (   c 1  +  c 2  +  c 3   )   (  μ n + e + p −  d 1   )    
	    (   c 1  +  c 2  +  c 3   )  +  (  μ n + e + p −  d 1   )    



	(1, 1)
	    (  s −  c 1  −  c 2  −  c 3  − λ s  )   (  μ n + e + p −  d 1   )    
	   −  (  s −  c 1  −  c 2  −  c 3  − λ s  )  −  (  μ n + e + p −  d 1   )    



	    (   x *  ,  y *   )    
	T
	0
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Table 4. The stability of the equilibrium in Case 1.
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	Equilibrium
	The Sign of the Determinant
	The Sign of the Trace of the Matrix H
	Local Stability





	(0, 0)
	−
	*
	Saddle point



	(0, 1)
	+
	−
	ESS



	(1, 0)
	+
	+
	Instability point



	(1, 1)
	−
	*
	Saddle point



	    (   x *  ,  y *   )    
	−
	0
	Saddle point







Note: * indicates that the value of the symbol is uncertain.













[image: Table] 





Table 5. The stability of the equilibrium in Case 2.
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	Equilibrium
	The Sign of the Determinant
	The Sign of the Trace of the Matrix H
	Local Stability





	(0, 0)
	−
	*
	Saddle point



	(0, 1)
	−
	*
	Saddle point



	(1, 0)
	+
	+
	Instability point



	(1, 1)
	+
	−
	ESS



	    (   x *  ,  y *   )    
	+
	0
	—







Note: * indicates that the value of the symbol is uncertain.
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Table 6. The stability of the equilibrium in Case 3.
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	Equilibrium
	The Sign of the Determinant
	The Sign of the Trace of the Matrix H
	Local Stability





	(0, 0)
	+
	−
	ESS



	(0, 1)
	−
	*
	Saddle point



	(1, 0)
	−
	*
	Saddle point



	(1, 1)
	+
	+
	Instability point



	    (   x *  ,  y *   )    
	−
	0
	Saddle point







Note: * indicates that the value of the symbol is uncertain.
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Table 7. The stability of the equilibrium in Case 4.
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	Equilibrium
	The Sign of the Determinant
	The Sign of the Trace of the Matrix H
	Local Stability





	(0, 0)
	+
	−
	ESS



	(0, 1)
	−
	*
	Saddle point



	(1, 0)
	+
	+
	Instability point



	(1, 1)
	−
	*
	Saddle point



	    (   x *  ,  y *   )    
	+
	0
	—







Note: * indicates that the value of the symbol is uncertain.
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Table 8. The stability of the equilibrium in Case 5.
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	Equilibrium
	The Sign of the Determinant
	The Sign of the Trace of the Matrix H
	Local Stability





	(0, 0)
	+
	−
	ESS



	(0, 1)
	+
	+
	Instability point



	(1, 0)
	−
	*
	Saddle point



	(1, 1)
	−
	*
	Saddle point



	    (   x *  ,  y *   )    
	+
	0
	—







Note: * indicates that the value of the symbol is uncertain.
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Table 9. The stability of the equilibrium in Case 6.
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	Equilibrium
	The Sign of the Determinant
	The Sign of the Trace of the Matrix H
	Local Stability





	(0, 0)
	+
	−
	ESS



	(0, 1)
	+
	+
	Instability point



	(1, 0)
	+
	+
	Instability point



	(1, 1)
	+
	−
	ESS



	    (   x *  ,  y *   )    
	−
	0
	Saddle point
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